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time with artificial drying is from a week up to a few months. METHOD FOR
THE DRYING OF WOOD AND                   In order to avoid damage to the
wood during the WOOD-BASED PRODUCTS.                             drying, it
Is Important that the shrinkage during the 5   drying Is uniform, and this
is achieved by controlling The application relates to a method for the
the moisture balance dictated by the temperature and removal of moisture
from solid wood and otherwood-  the humidity, so that the moisture in the
surface of the based products, where the wood Is first stacked with  wood
does not at any time during the drying deviate suitable air space in a
drying chamber which is  too much from the moisture within the wood.
arranged to be able to withstand a vacuum and tem-  10  When air drying,
the possibilities of controlling the peratures of up to [err] after which
the drying cham-  drying process are very small, whereas artificial dry-
ber is closed and evacuated during the application of  ing provides the
possibility of reasonable control of heat for the boiling out of the
moisture bound in the  the drying process. This is effected by regulating
the wood, in that one replaces the evacuated air with  humidity and the
temperature of the airwhich is circu- superheated water vapour, where the
wood damp-  15  lated around the wood during the drying. The humidity ness
and herewith the drying process Is regulated In  is controlled by means of
a hygrometer or a dry- and that one controls the pressure and the
temperature of  wet-thermometer in the application of steam or dry air said
superheated water vapour and holds the press-  to the air around the wood.
ure and the temperature of the superheated vapour as  To Increase tie speed
at which the water is uniformly as possible in the drying chamber, and  20
removed from the wood, for many years It has been where during the drying
process the water vapours  normal practice to dry certain kinds of wood at
tem- are evacuated from the drying chamber by condens-  peratures in excess
of [err] (FR patent publication Ing the vapours In a separate cooler
condensation  no. 1.023.606). At temperatures above [err] (high- tank, In
which there Is maintained a temperature lower  temperature drying), the
water in the wood will be than the dewpoint temperature of the superheated
25  boiled out of the wood. vapour existing in the drying chamber.
However, most kinds of wood cannot tolerate Such a method Is known from
DE-C-556 301 (&   temperatures of more than [err] and In order to SE-A-71
469).                                    Increase the speed at which these
kinds of wood can When felled, wood contains large amounts of   be dried,
it has been suggested from several quarters water, and in most applications
of wood it is necessary  30  that the drying should be effected under
vacuum. for the main part of this water to be removed from the  Under
vacuum, the boiling point of the water Is wood before the wood is taken
into use.          reduced, and thus the water will be able to be boiled
During the drying of wood, a number of special  out of the wood, even
though the temperature does conditions manifest themselves:
not exceed [err] a) Wood is a hygroscopic material, and the damp-  35
Traditionally, one distinguishes between two ness of the wood will adjust
itself to a wood damp-  forms of vacuum drying: Discontinuous and continu-
ness (moisture balance) which depends on the  ous vacuum drying.
temperature and the humidity of the surround-    With the discontinuous
vacuum drying, alternate ings.
changes are made during the drying between a heat- b) Wood shrinks during
the drying, and the shrin-  40  ing phase and an evacuation phase. During
the heat- kage is proportional to the arnountof hygroscopic  Ing phase, the
wood is heated by circulating hot air in water which is removed from the
wood.      the drying chamber (DK patent publication no. 44.287, c) During
the drying, most kinds of wood cannot     US patent publication
no.4,058,906, US patent publi- tolerate temperatures which exceed [err] At
cation no. 4,176,466, US patent publication 4,194, higher temperatures,
most kinds of wood will be  45  296 and US patent publication 4,198,763) or
by high subject to damage in the form of discoloration and  frequency
(dielectric heating) (US patent publication a reduction in the strength of
the wood.      no. 3,685,959). The heat which is applied during the d) In
the drying of wood, very large amounts of  heating phase Is utilized during
the evacuation phase energy are used. With traditional drying, the con-
for evaporation of waterfrom the wood by establishing sumption of energy is
thus between 2,000,000  so  a vacuum In the drying chamber. During the
evacua- and 6,000,000 kJ per [err] of dried wood.        tion phase, no
heat is applied to the wood, and the Traditionally, the drying of wood is
carried out by  wood will gradually cool down as that heat which Is placing
the wood to be dried in the open air (air dry-  applied during the heating
phase Is used in the ing), or by drying in special drying chambers where
evaporation of water. In order for the drying to con- hot air is circulated
around the wood (artificial drying).  55  tinue, the wood must therefore be
heated again as However, both of these methods are very slow. When  soon as
the heat applied during the heating phase has drying in the open air, a
drying time fom a few months  been expended. By repeating the heating and
the up to several years must be expected, while the drying  evacuation
phases a sufficient number of times, the 2    



3                  EP 0 256100 B1                 4 wood will be gradually
dried out to the desired wood  on the basis of the actual dampness MC, the
kind dampness.                                            and the dimension
of the wood, and With the discontinuous vacuum drying method,      t = the
actual temperature in the drying chamber the dampness of the wood Is
controlled solely by that  measured in [err] air which Is circulated in the
drying chamber during the   5  and by closing the pressure regulating valve
each heating phase. During the evacuation phase, on the  time the pressure
in the drying chamber is lower other hand, no control Is effected, and the
course of  than p. the drying process may easily be one in which the sur-
By evacuating the air from the drying chamber as face of the wood is dried
out strongly during the  stated, one achieves afar easier controlling of
the dry- evacuation phase, and thereafter be dampened dur-  10  Ing process
and the aimed at heat recovery, and said Ing the subsequent heating phase.
This is unfortu-  effective control reduces the total energy consumed nate,
the reason being that the energy consumed   in the drying to a considerable
degree. Moreover, by during the drying process is thus needlessly      the
said evacuation of the air from the drying cham- increased, and alsothatthe
control ofthe wood damp-  ber, one also achieves that the risk of corrosion
of the ness becomes very irregular.                 15  materials built
into the drying chamber is strongly With the continuous vacuum drying, the
heating  reduced. Similarly, the risk of the wood which is and evacuation
are effeted concurrentiy. in these  stacked in the drying chambersuffering
miscoloration systems, the hoating ofthewood is carried out by sub-  as a
consequence of chemical oxidization or as a merging the wood in hot oil (US
patent publication no.  result of fungus and mould formation is also
strongly 3,811,200), or by arranging hot plates between the  20  reduced.
Furthermore, the transfer of heat from the Individual layers of wood. As
will appear later, these  heating and cooling surfaces in the drying plant
will two forms of heating result, however, In a very irregu-  also be far
more effective than if air was present in the lar drying of the wood.
overall system. Any possible air will serve as a heat- US patent
publication no. 4,194,296 describes a  Insulating layer around all heat
transferring surfaces, system for the recovery of the heat consumed in the
25  and will consequently result in a considerable vacuum drying of wood.
However, the operation of the  increase in the energy consumed In the
operation of heat recovery system described in US patent publi-  possible
heat pump compressors. If there is air in the cation no. 4,194,298 is very
enrgy-demanding, in   system, the compressor used in the heat pump sys.
that the heat pump compressor used in the system  tem must work with a much
greater difference In works with high vacuum on the induction side, and  so
pressure between the compressors induction side considerable amounts of air
arise in the compressed  and compression side. Similarly, the compressor
steam. Both conditions give rise to a considerable  must have a far greater
capacity than if the vapours, consumption of energy in the operation of the
heat  consist of pure steam, which will lead to agreater con- pump
compressor.                                  sumption of energy. The object
of the invention is to present a method   35  As will appear from the
following, the methods of the kind revealed in the introduction, by which
presented In the sub-claims are expedient forms of method the drying
process can take place more     embodiments In following the method for the
drying of quickly, more gently and with a lower consumption of  wood or
wood-based products as presented in the energythan that in the
above-mentioned publications,  main claim. and which method can furthermore
lend itself to a con-  40  In the following, the method according to the
siderable degree of automation.                  invention is described
more closely with reference to This object is achieved by the method
according  the drawing, where to the invention, which is characteristic In
that one  fig. 1 shows a diagram illustrating the relationship controls the
wood dampness and the drying process    between temperature, relative
humidity (RH) and by opening a pressure regulating valve provided be-  45
wood dampness (EQ), tween the drying chamber and the cooler conden-
fig. 2a shows a wood drying plant for use In the sation tank each time the
pressure in the drying     execution of the method according to the Inven-
chamber exceeds the value p, where p depends on     tion, where the plant
is shown schematically and the following equation:
the drying chamber in cross section, 50     fig. 2b shows the drying
chamber in longitudinal x [err]                            section, 100
fig. 3a and b shows two different methods for the heating of wood by the
application of a heated where
fluid heattransmission medium to the wood which p = the pressure in the
drying chamber measured  55  is to be dried by the method according to the
in mm Hg absolute pressure,                      invention, RH = a value
between 0 and 100, which value      fig. 4 shows schematically a plant for
the drying can be determined by those familiar with the art  of wood,
comprising a heat pump system for use 3    



5                  EP 0 256 100 B1                6 in the execution of the
method according to the  are pressed into circulation through the spaces 4
be- invention,                                   tween the individual
layers of wood by the blowers 9. fig. 5 shows a diagram covering the
relationship  The spaces 4 between the iondividual layers of wood, between
steam pressure and temperature, and  and the breadth of same, are chosen so
that during fig. 6a and b shows schematically two different  5   their
circulation through the timber pack, the decline methods for the automatic
control of a pressure-  in temperature of the vapours is such that their
heat regulating valve.                             content is utilized In
the best possible way, while at the In fig. 1, a diagram shows the
relationship be-  same time the different parts of the timber pack are
tween temperature, relative humidity (RH) and wood  uniformly dried.
dampness (EQ), said diagram having appeared in  10  The system described In
US patent publication "Timber Drying Manual" by G.H. Pratt, 1986.
no. 3,811,200, where the wood is heated by being In fig, 2a and 2b is seen
a drying autoclave 1 con-  submerged In an oil bath, results in very
Irregular dry- taining wood 2 which is stacked in layers with cross-  Ing
when using the continuous vacuum drying of the beams 3 as Intermediary
layers for the formation of a  wood. In submerging the wood In oil, the oil
will affect timber pack, so that open spaces 4 are created be-  15  the
wood with a certain pressure, and this pressure Is tween the layers of
wood. To prevent the loss of heat  lowest in the upper part of the oil bath
and highest In during the drying process, the drying chamber 1 18  the
lower part of the oil bath. The uneven pressure provided with heat
insulationwhich is notshown in fig.  around the wood leads to a very
Irregulardrying ofthe 2a and b, and for the Introduction and removal of the
wood. Instead of the system described In US patent wood 2, the drying
chamber I has openings which can  20  publication no. 3,811,200, with
continuous vacuum be closed with a cover 6 or similar sealing element.
drying the present invention uses the systems shown When in operation, the
drying chamber 1 can be exp-  In fig 3a and 3b. Also with these systems a
fluid heat osed to overpressure and low pressure respectively,
transmission medium 12 Is used for heating the wood and thus the wall 7 is
arranged in such a way that it Is  2, but the systems in fig 3a and 3b
differfrom that des- pressure-constant. Further, the drying chamber is  25
cribed In US patent publication 3,811,200, in that dur- preferably
cylindrical in shape with a convex end  Ing the greater part of the drying
process, the fluid plate. Elements 21 are also provided In the drying  heat
transmission medium forms only a thin mem- chamber 1 for the measurement
and control of tem-  brane around the wood 2, and thus the fluid pressure
perature and pressure.                           of the fluid heat
transmission medium 12 has only a Atthe beginning of the drying process,
the drying  30  very slight degree of Influence on the vacuum around
chambers end openings are first closed substantially  the wood 2.
airtightwith the covers 6, afterwhich the air in the dry-  Withq the
continuous vacuum drying, It Is prefer- Ing chamber, including the air
contained in the wood  able to heat the wood 2 either by circulating the 2,
is evacuated by means of a vacuum pump 10     superheated steam In the
drying chamber 1 past the shown In fig. 2a.                          35
surface of the wood 2, or by submerging/flushing the After the air has been
evacuated from the drying  wood in a fluid heat transmission medium 12 by
one chamber 1, the space around the wood 2 is filled out  of the methods
shown in fig. 3a and 3b. These with superheated vapour 11. This vapour 11
can   methods give a very effective and uniform heating of either be
introduced from outside or can originate from  the wood 2. The application
of high-frequency, hot water which has evaporated from the wood 2. During
40  plates and heat radiation can also be used, but the the main part ofthe
drying, the superheated steam will  transmission of heat with these systems
Is often very originate from water which has evaporated from the
Irregular, and this results in very irregular drying. The wood 2.
present invention does not, however, exclude the use The wood is thereafter
heated to the desired dry-  of the last-mentioned methods of heating. ing
temperature, and the heating can take place in  45  With continuous vacuum
drying, the heat trans- various ways, among others thefollowing: a) with
one  mission medium 12 in the systems shown In fig. 3 and or more blowers 9
circulating the superheated steam  4 must have a steam pressure which is so
low that the 11 existing in the drying chamber 1 past the surface
evaporation ofthe heattransmission medium 12 does of the wood 2, b) by
flushing the wood 2 with a heated  not influence the steam pressure in the
drying chain- fluod heat transmission medium 12 which is supplied  50  ber
1. from nozzles 19 disposed in the drying chamber, c) by  All of the
above-mentioned heating systems repeated brief submersion In a heated fluid
heattrans-  (superheated steam, flushing with a heated fluid heat mission
medium 12.                               transmission medium and repeated
brief submersion The wood is heated by means of the heating    in a heated
fluid heat transmission medium) can be pipes 8 shown In fig. 2a and b, for
example finned  55  used with advantage with discontinuous vacuum dry-
pipes or heating tubes, and by convection of the  Ing. However, if the oil
bath as described In US patent vapours given off by the wood when it
dries.To ensure  publication 3,811,200 is used, It is necessary for the a
rapid and uniform heating of the wood 2, the vapours  wood not to be held
submerged In the oil during the 4    
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phase.                          15 is equal to TD, and the cooler
condensation tank To control the temperature in the drying chamber  does
not contain any air, the pressure in the cooler 1, the drying plant of the
present invention is provided  condensation tank 15 will be equal to the
pressure p with a thermostat control 21 which shuts offthesupply  in the
drying chamber 1, and the cooler condensation of heat to the
above-mentioned heat radiating ele-   5   tank 15 will thus suck water
vapours from the drying ments 8 each time the temperature in the drying
chamber I into the cooler condensation tank 15 each chamber exceeds the
desired value t, and opens for  time the pressure In the drying chamber 1
exceeds p. the supply of heat to the heat radiating elements 8  If there is
air in the cooler condensation tank 15, in each time the temperature In the
drying chamber 1 Is  order to evacuate the drying chamber 1, it will be
lower than the desired value t. If the drying system is  10  necessary to
cool the water vapours in the cooler con- provided with the heat pump
system 13 described   densation tank 15 to a temperature which is lower
later, the above-mentioned thermostat control 21 can  than TD. Since this
reduction in temperature will mean be totally dispensed with.
an extra energy consumption In the case of the cool- Providing that the
temperature In the wood 2 is  ing being effected by the use of a heat rump
system higher than the boiling point temperature of thewater,  15  13, it
is Important thatthe cooler condensation tank 15 the water in the wood will
be boiled out, and the water  is constantly held completely evacuated, and
to vapour arising from evaporation will be collected In  remove possible
air forn the cooler condensation the drying chamber 1. If these vapours are
not   tank 15, there should be possibility of being able to removed from
the drying chamber 1 gradually as they  evacuate the air from the cooler
condensation tank 15 evaporate from the wood 2, the pressure in the drying
20  by means of a vacuum pump 10. chamber 1 will begin to rise, and in
order to avoid the  Even though there Is no air in the cooler conden-
boiling point temperature of the water hereby increas-  sation tank 15, in
practice one will use a temperature Ing, it is necessary for the vapours
evaporating from  In the cooler condensation tank 15 which is lowerthan the
wood 2 to be concurrently removed from the dry-  TD. The reason forthis is
that if the temperature of the Ing chamber 1.
25  cooler condensation tank 15 is TD, then there will be As described in
US patent publications 3,574,949  no difference in temperature between that
of the cool- and 4,467,532, the water vapours can be removed by  ing
surface and the condensation temperature of the condensation in the drying
chamber 1. This, however,  water vapours, and the condensation of the water
is a poor solution, In that the temperature as a result  vapours in the
cooler condensation tank 15 will of the cooling from the heat-absorbing
elements 14  so  demand an infinitely large cooling surface. hereby easily
becomes very irregular in the drying   if thetemperature in the cooler
condensation tank chamber 1, and this results in an irregular drying of the
15 is lower than TD, the pressure in the cooler con- wood.
densation tank 15 will be lower than the pressure p in With the present
invention, the watervapours are  the drying chamber 1. In order to
preventthe pressure Instead removed from the drying chamber 1 by  35  In
the drying chamber from falling, It is thus necessary evacuating the water
vapours from the drying cham-  to have a pressure regulating valve 16
between the ber 1, and this evacuation can be effected either by  drying
chamber and the cooler condensation tank 15 means of a vacuum pump 10 or by
condensation of   (see fig. 2a), which opens each time the pressure In the
water vapours In a separate cooler condensing  the drying chamber 1 exceeds
the desired value p, tank 15. it is preferable to use a separate cooler
con-  40  and closes each time the pressure In the drying cham- densing
tank 15, in that the use of vacuum pump 10  ber 1 Is lower than the desired
value p. is very energy-demanding.                            As cooling
elements in the cooler condensation The evacuation by means of a cooler
conden-   tank 15, it can be of great advantage to use a heat sation tank
15 Is effected by holding a temperature in  pump system 13 which transfers
the heat developed the cooler condensation tank 15 which is equal to or  46
in the condensation of the water vapours to the drying lower than the dew
point temperature TD of the water  chamber 1. This system is presented in
fig. 4, which vapours present in the drying chamber 1:          shows how a
cooling medium, for example freon or ammonia, Is circulated by means of a
compressor 17 [err]                      between the heat-absorbing
elements provided in the cooler condensation tank 15, and the
heat-radiating elements 8 provided in the drying chamber 1. where
Providing that a constant pressure is maintained TD = the dew point
temperature of the water   in the drying chamber 1, the above-mentioned
press- vapours measured In degrees centigrade, and    ure regulating system
will ensure that per unit of time. p = the pressure of the water vapours In
the dry-   55  there will constantly be removed the same amount of Ing
chamber measured in mmHg absolute press-  steam from the drying chamber 1
as evaporates from ure.                                          the wood
2, and since by the condensation of the If the temperature in the
coolercondensation tank  water vapour. in the cooler condensation tank 15 5
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principle be released the same amount of  wood 2 can also be controlled by
controlling the tem- heat per condensed unit as is consumed per evapo-
perature t and the pressure p of the superheated rated unit In the
evaporation of the water In the drying  water vapours 11. chamber 1, the
consumption of heat in the drying     In order for the above-mentioned
equation to be chamber I and the radiation of heat by the coolercon-   5
used In the control of the drying process, two of the densation tank 15
will, in principle, constantly corre-  three quantities In equation 2 must
be determined spond to each other, and the heat transferred by the
beforehand, while the third quantity Is calculated on heat pump system 13
will come to correspond to the  the basis of the two other quantities by
means of amount of heat consumed in the evaporation of the  equation 2.
waterfromthewood 2. With the present Invention, this  10  Normally, those
familiar with the art will balance in the consumption of heat and the
produc-  Immediately be able to determine RH and the tem- tion of heat can
be maintained during the main part of  perature t, and the pressure p can
hereafter be calcu- the drying process. However, in the preliminary heat-
lated in the following manner: ing phase, It will be necessary to apply
heat 18 from outside, and it will also be necessary to replace that  15
heat which is lost via heat conduction from the drying chamber 1 to the
surroundings. The main part of this           [err] energy lose Is,
however, compensated for by that excess of energy which arises as a result
of the necessity of having to supply energy 18 from outside  20  where for
the operation of the heat pump compressor 17     t = the temperature in the
drying chamber used in the heat recovery.
measured In degrees centigrade, The use of a heat pump system 13 for the
cooling  p = the pressure In the drying chamber measured of the water
vapours In the cooler condensation tank  in mm HG absolute pressure, 15 Is,
however, only an example. All forms of heat-  25  RH = a value between 0
and 100, which value absorption systems can be used for the cooling of the
can be determined by those familiar with the art water vapours in the
cooler condensation tank 15.    on the basis of the actual dampness MC of
the In addition to controlling the heat recovery, the  wood 2, Its kind and
dimension, and above-mentioned pressure regulating valve 16 also    po =
the pressure in a closed, water-filled con- controls the dampness ofthe
wood 2 during the drying  30  tainer in the drying chamber (see below).
process, for it has proved that by evacuating the air  RH can be determined
in the following manner: from the space around the wood 2, and instead sur-
The desired moisture balance EQ for the drying round the wood 2 with
superheated steam, the damp-  can be determined on the basis of the actual
damp- ness of the wood 2 can be regulated quite precisely  ness MC of the
wood, Its kind and dimension. Those by controlling the temperature t and
the pressure p of  35  familiar with the art can Immediately determine EQ.
the superheated vapours 11 existing around the    However, EQ can also be
determined as follows: wood. Therefore, the controlling of the wood damp-
ness with the present Invention Is effected through the         [err]
earlier-described thermostat control and the above- mentioned pressure
regulating valve 16 which control  40 the pressure p and the temperature t
In the drying  where chamber 1.                                           K
= the drying force and By controlling the temperature t and the pressure
MC = the dampness of the wood p of the superheated water vapours 11 present
In the  The drying force K Is an empirical value generally drying chamber
1, with the present invention the rela-  45  used In the drying of wood,
and K varies depending tive humidity RH shown in fig. 1 is controlled In
accord-  on the actual kind of wood and its dimension. For ance with the
following equation:                 those kinds of wood which are difficult
to dry, and for wood of large dimensions, K will lie between 1.3 and 2.0,
while for those kinds of wood which are easy to [err]
50  dry, and for wood of small dimensions, K will lie be- tween 2.0 and
3.0. where                                                 The value RH can
be found in fig. 1 from the des- t = the temperature in the drying chamber
ired moisture balance EQ and the surmised drying measured in degrees
centigrade, and            temperature. p = the pressure in the drying
chamber measured  55  During the drying process, RH can also be deter- in
mm Hg                                       mined by Increasing RH each
time the amount of Since for any value of RH there corresponds a
watervapours evacuated pertime unitfrom the drying certain moisture balance
EQ, the dampness MC of the  chamber 1 exceeds a predetermined maximum
value, 6    



11                 EP 0 256 100 B1                12 and by lowering RH
each time the amount of Water     wood, its kind and dimension. vapour
evacuated from the drying chamber 1 is lower  The above-mentioned
calculations of RH, p and than a predetermined minimum value.
tare only examples. The deisive aspectof the inven- Those familiar with the
art can also easily deter-  tion Is that the dampness of the wood 2 is
controlled mine the most expedient temperature t, and the tem-     by means
of the pressure and the temperature of the perature chosen is as high as
possible without    superheated water vapours 11. causing damage to the
wood, i.e. for most kinds of   The value po used in equation 3 can either
be wood a temperature of between 40 and [err] By    measured directly or
calculated on the basis of the choosing as high a temperature as possible,
the most  temperature t. The value RH will not normally change precise
control of RH is obtained. From fig. 5 it is thus  10  particularly
frequently, whereas the temperature t will shown clearly that a measurement
inaccuracy has   often change, and in those cases where t changes nothing
like so great an influence on RH when the  often, it can be an advantage to
measure po directly temperature is high as when the temperature is low.
instead of on the basis of the temperature t For the It is an advantage, as
will appear later, for the tem-  direct measurement of po, the drying plant
can with perature to be chosen as a temperature interval  15  advantage be
provided with the following system: limited by a maximum and minimum
temperature.        A closed container, from which the air has been When RH
and the temperature t have been deter-  completely evacuated and instead
half- or partly-filled mined, the pressure p is calculated as per equation
3,  with water, Is placed in the drying chamber 1. The con- and thereafter
the drying process is controlled in the  tainer has a large surface and Is
arranged in the drying following manner:                            20
chamber I In such a way that the water In the con- a) Pressure regulating
valve 16.              tainer constantly assumes the same temperature as
The above-mentioned pressure regulating valve  the superheated watervapours
11 in the drying cham- 16 Is opened each time the pressure in the drying
ber 1. The water in the container will thus create a chamber 1 exceeds the
value p as determined by  vapour pressure in the container which is equal
to the equation 3, while the pressure regulating valve 16  25  vapour
pressure of saturated vapour pressure at the Is closed each time the
pressure In the drying  temperature existing In the drying chamber 1, and
the chamber I is lower than the value p determined  desired pressure p in
the drying chamber 1 can there- by equation 3.
after be determined from the following simple equa- b) Thermostat
regulation 21.                  tion: The supply of heat to the drying
chamber I is  30 opened by means of the above-mentioned thermostat
= RH regulation 21 each time the temperature in the drying
[err] chamber 1 is lower than a predetermined value for t- minimum, and the
supply of heat is shut off each time  where the temperature in the drying
chamber 1 exceeds the  35  p = the desired pressure in the drying chamber,
predeterrmined value fort-maximum.                   RH =a value between 0
and 100, which value t-minimum and t-maximum can well have the        those
familiar with the art can determine on the same value, whereby the supply
of heat is shut off   basis of the actual moistness MC, the kind and each
time the temperature t in the drying chamber 1  dimension of the wood 2,
and exceeds the predetermined value t, and is opened  40  po = the pressure
in the closed, water-filed con- each time the temperature t In the drying
chamber 1  tainer. is lower than the predetermined value t.
With this system, there is no need for a tempera- The drying process can
also be controlled by first  ture measurement to control p, and the drying
process determining RH and the pressure p, after which the  is controlled
by opening the pressure regulating valve temperature t is calculated in
accordance with the fol-  45  16 shown in fig. 2a each time the pressure in
the dry- lowing equation:                                 ing chamber is
greater than RH/100 x po, and by dos- ing the pressure regulating valve 16
shown in fig. 2a 2280                              each time the pressure
in the drying chamber 1 is less [err]                     each time the
pressure in the drying chamber 1 is less than RH/100 x po. This control of
the pressure regu- 50 lating valve 16 can be built up relatively simply,
for where                                             example as the
mechanical control shown In fig. 6. t = the temperature in the drying
chamber         The control In fig. 6 consists of two pistons, where
measured In degrees centigrade, .             the pressure on the one
piston is equal to p, and the p = the pressure in the drying chamber
measured  pressure on the other piston is equal to po. Each time in mm Hg
absolute pressure               55  the pressure on the second piston is
pressed up, the RH = a value between 0 and 100, which value    pressure
regulating valve 16 shown in fig. 2a will be can be determined by those
familiar with the art  opened, while the pressure regulating valve 16 will
be on the basis of the actual dampness MC of the  closed each time the
first piston is pressed up. The 7   
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effected either by changing the posi-  ference between RH1 and RH2 or the
difference be- tion of the lever's fulcrum (see fig. 6a), or by changing
tween t1 and t2. The first solution cannotbe used, the the area of the
pistons (see fig. 6b).            reason being that the surface of the wood
is hereby The use of lever and pistons is only an example.  dried out too
quickly. The second solution, on the The above-mentioned control can be
effected with all   5   other hand, Is possible, and is achieved by
carrying forms of mechanical or electronic pressure transmit-  out the
drying as a kind of discontinuous vacuum dry- ters combined with an
electronic or mechanical pro-  ing process With the discontinuous vacuum
drying portional control.                                process, the wood
2 is cooled during the evaccuatlon For the control of the temperature, with
the pre-  phase considerably more quickly at the surface than sent
invention it can be an advantage to use a tem-  10  the inside of the wood
2, and thus the difference be- perature interval limited by a maximum
temperature  tween t1 and t2 is Increased. and a minimum temperature. The
magnitude of this     With the present invention, the discontinuous
temperature interval depends on the extent to which  vacuum drying is
effected by heating the wood 2 dur- the drying is carried out as a
continuous or discontinu-  ing the heating phase until the wood 2 has
reached ous vacuum drying process.                   15  the desired
maximum temperature, and by controlling the pressure In the drying chamber
1 Insuch amanner a) Discontinuous vacuum drying.                   that the
moisture balance EQ in the surface of the wood 2 in the heating phase is
equal to or slightly The discontinuous vacuum drying process is
higherthan the dampness MC inside the wood 2. Dur- used particulary in the
drying of woods with low per-  20  ing the subsequent evacuation phase, the
supply of meability, for example oak and eucalyptus.        heat to the
drying chamber is completely shutoff, and During the drying of those kinds
of woods having  the pressure in the drying chamber I is controlled In low
permeability, a small difference in pressure will  such a manner that the
moisture balance EQ in the arise in the wood 2 as a result of the
difficulty with  surface of the wood 2 becomes equal to or slightly which
the water evaporated during the drying forces  25  lower than the wood
dampness MC inside the wood Its way out of the wood. This difference in
pressure is  2. equal to p1-p2, where                                With
the present Invention, the discontinuous vacuum drying distinguishes itself
from the traditional [err]
discontinuous vacuum drying processes in that 1) the 30  air is completely
evacuated from the drying chamber during both the heating phase and the
evacuation [err]                                     phase, 2) the wood 2
is surrounded by superheated steam 11 during both the heating phase and the
evacuation phase, and 3) the moisture balance EQ In t1 = the temperatuure
in the tree measured in  35  the surface of the wood2 Is controlled during
both the degrees centigrade,                            heating phase and
the evacuation phase. t2 = the temperature in the drying chamber measured
in degrees centigrade,                b) Continuous vacuum drying. p1 = the
pressure in the wood measured in mm Hg absolute pressure,
40      When drying woods which are easy to dry, the p2  = the pressure In
the drying chamber         pressure difference p1-p2 is normally high
enough to measured in mm Hg absolute pressure,           press the
watervapours out of the wood 2, and in this RH1 = the RH value in fig. 1,
which at a tempera-  case the drying can with advantage be a form of con-
ture of t1 gives a moisture balance (EQ) which is  tinuous vacuum drying,
where evacuation and heat- equal to the actual dampness (MC) of the wood,
45  ing take place concurrently. and
But also when the drying is effected as a continu- RH2 = the RH value in
fig. 1, which at a tempera-  ous vacuum drying process there can be a need
for ture of t2 gives a moisture balance (EQ) which is  the temperature t In
the drying chamber 1 not to lie equal to the desired moisture balance in
the sur-  constant This Is thus the case with the use of the heat face of
the wood.                         50  recovery system 14 described earlier.
Under normal drying conditions, the pressure dif-  Even though the pressure
regulating system in ference p1-p2 will be positive. In the drying of wood,
the continuous vacuum drying system ensures to a where a relatively
constant temperature is used (con-  high degree that the heat consumption
and the heat tinuous vacuum drying), the pressure difference p1-
production follow each other, there will always arise p2 will be too small
in woods with low permeability to  55  certain fluctuations in heat
production versus heat be able to press the watervapours out of the wood 2.
consumption, and in order to ensure that these fluc- in order to increase
the difference in pressure be-  tuations are levelled out, it is necessary
to have a form tween p1 and p2, it is necessary to increase the dif-  of
heat accumulation system which collects heat dur- 8   



15                 EP 0 256 100 B1                16 ing those periods when
there is a surplus of heat, and  ible. The difference in temperature
between the heat which radiates heat during those periods when there  pump
system's 14 heat side and cooling side is is a heat deficiency. For this
purpose, advantageous  hereby limited, and the smaller this difference in
tem- use can be made of the wood mass 2 In the drying  perature, the lower
the energy consumption of the chamber 1. The heat capacity of the wood mass
is   5   compressor 17. quite considerable, and by transferring the surplus
heat direct from the heat pump system 13 to the wood 2, the temperature of
the heat side of the heat pump  Claims system 13 is held lowerthan if the
heat is transferred to the wood 2 via a separate heat accumulation sys-  10
1. Method for the removal of moisture from solid tem. This Is because with
each transfer of heat, a cer-  wood and other wood-based products, whereby
the tain difference In temperature is necessary between  wood (2) Is first
stacked with suitable air space (4) In the heat radiating element 8 and the
heat absorption  a drying chamber (1) which is arranged to be able to
element 15, and since the energy consumption of the  withstand a vacuum and
temperatures of up to [err], heat pump system 13 Increases sharply each
time the   15  after which the drying chamber (1) is dosed and heat side of
the heat pump system 13 must be      evacuated during the introduction of
heat for the boll- increased in relation to the temperature on the heat
ing out of the moisture bound in the wood, in that one pump system's
cooling side, the number of times that  replaces the evacuated air with
superheated water heat is transferred should be limited as much as poss-
vapour (11), where the wood dampness (MC) and ible. Moreover, the use of
the wood mass as heat  20  herewith the drying process is regulated in that
one accumulation system does not give rise to any extra  controls the
pressure and the temperature of said investments.
superheated water vapour (11) and holds the press- In this case, the
control of the drying and heat  ure and the temperature of the superheated
vapour recovery process is effected as follows:          (11) as uniformly
as possible in the drying chamber The control of the heat pump compressor
17 is  25  (1), and where during the drying process the water effected by
starting the compressor 17 each time the  vapours are evacuated from the
drying chamber (1) temperature In the cooler condensation tank 15    by
condensing the vapours in a separate cooler con- exceeds TD-x, and stopping
the compressor 17 each  densation tank (15), in which there is maintained a
time the temperature is lower than TD-x. TD is equal  temperature lower
than the dewpoint temperature of to the dewpoint temperature of the water
vapours  30  the superheated vapours (11) existing in the drying existing
In the drying chamber 1, and Is calculated in  chamber (1), characterized
In that one controls the accordance with equation 1, whilex is determined
on  wood dampness (MC) and the drying process by the basis of the size of
the cooling surface. The larger  opening a pressure regulating valve (16)
provided be- the cooling surface, the smaller the value used for x.  tween
the drying chamber (1) and the cooler conden- The pressure regulating valve
16 is opened each   35  sation tank (15) each time the pressure In the
drying time the pressure in the drying chamber I exceeds the  chamber (1)
exceeds the value p, where p depends value p for the pressure in the drying
chamber 1 cal-  on the following equation: culated In accordance with
equation 3 or 6, and the pressure regulating valve 16 Is dosed each time
the         RH pressure In the drying chamber 1 is less than p.  40
[err] To compensate for possible permanent differ- ences in the heat
production/consumption of the dry-  where ing system, heat is added to the
drying chamber 1    p the pressure in the drying chamber (1) from an
external source of heat 18 each time the tern-  measured in mm Hg absolute
pressure, perature t in the drying chamber 1 is less than t mini-  45  RH =
a value between 0 and 100, which value mum, while heat is radiated from
the cooler          can be determined by those familiar with the art
condensation tank 15 to the surroundings each time   on the basis of the
actual dampness MC, the kind the temperature t in the drying chamber I is
greater  and the dimension of the wood (2), and than t maximum. The size of
the interval t-max minus  t = the actual temperature in the drying chamber
t-min depends on the extent of the temporary fluctu-  50  (1) measured in
[err] and by closing the pressure ation existing between the heat
production and the   regulating valve (16) each time the pressure In heat
consumption. The greater the fluctuations, the  the drying chamber (1) is
lower than p. larger the buffer capacity needed, and thus the grea-  2.
Method according to claim 1, characterized in ter the interval t-max minus
t-min must be.       that one controls the wood dampness (MC) and the In
order to limit the energy needed for the oper-  55   drying process by
opening a pressure regulating ation of the heat pump compressor 13, it
should be  valve (16) provided between the drying chamber (1) ensured that
the choice of both the interval t-max  and the cooler condensation tank
(15) each time the minus t-min and the interval TD-x are as low as poss-
pressure in the drying chamber (1) exceeds the value 9   



15                 EP 0 256100B1                  16 ing those periods when
there is a surplus of heat, and  ible. The difference in temperature
between the heat which radiates heat during those periods when there  pump
system's 14 heat side and cooling side is is a heat deficiency. For this
purpose, advantageous  hereby limited, and the smaller this difference in
tem- use can be made of the wood mass 2 in the drying  perature, the lower
the energy consumption of the chamber 1. The heat capacity of the wood mass
is   5   compressor 17. quite considerable, and by transferring the surplus
heat direct from the heat pump system 13 to the wood 2, the temperature of
the heat side of the heat pump  Claims system 13 Is held lower than if the
heat is transferred to the wood 2 via a separate heat accumulation sys-  10
1. Method for the removal of moisture from solid tem. This is because with
each transfer of heat, a cer-  wood and other wood-based products, whereby
the tain difference in temperature Is necessary between  wood (2) Is first
stacked with suitable air space (4) in the heat radiating element 8 and the
heat absorption  a drying chamber (1) which is arranged to be able to
element 15, and since the energy consumption of the  withstand a vacuum and
temperatures of up to [err] heat pump system 13 increases sharply each time
the  15  after which the drying chamber (1) Is dosed and heat side of the
heat pump system 13 must be      evacuated during the Introduction of heat
for the boll- increased in relation to the temperature on the heat  ing out
of the moisture bound in the wood, In that one pump system's cooling side,
the number of times that  replaces the evacuated air with superheated water
heat Is transferred should be limited as much as poss-  vapour (11), where
the wood dampness (MC) and ible. Moreover, the use of the wood mass as heat
20  herewith the drying process is regulated in that one accumulation
system does not give rise to any extra  controls the pressure and the
temperature of said investments.
superheated water vapour (11) and holds the press- In this case, the
control of the drying and heat  ure and the temperature of the superheated
vapour recovery process is effected as follows:          (11) as uniformly
as possible in the drying chamber The control of the heat pump compressor
17 Is  26  (1), and where during the drying process the water effected by
starting the compressor 17 each time the  vapours are evacuated from the
drying chamber (1) temperature In the cooler condensation tank 15    by
condensing the vapours in a separate cooler con- exceeds TD-x, and stopping
the compressor 17 each  densation tank (15), in which there is maintained a
time the temperature is lower than TD-x. TD Is equal  temperature lower
than the dewpoint temperature of to the dewpoint temperature of the water
vapours  30  the superheated vapours (11) existing in the drying existing
in the drying chamber 1, and Is calculated in  chamber (1), characterized
In that one controls the accordance with equation 1, while xis determined
on  wood dampness (MC) and the drying process by the basis of the size of
the cooling surface. The larger  opening a pressure regulating valve (16)
provided be- the cooling surface, the smaller the value used forx.  tween
the drying chamber (1) and the cooler conden- The pressure regulating valve
16 Is opened each   35  sation tank (15) each time the pressure in the
drying time the pressure in the drying chamber 1 exceeds the  chamber (1)
exceeds the value p, where p depends value p for the pressure in the drying
chamber 1 cal-  on the following equation: culated In accordance with
equation 3 or 6, and the pressure regulating valve 16 Is closed each time
the                    [err] pressure in the drying chamber 1 is less than
p.  40 To compensate for possible permanent diffier- ences In the heat
production/consumption of the dry-  where ing system, heat is added to the
drying chamber 1    p = the pressure In the drying chamber (1) from an
external source of heat 18 each time the tem-  measured In mm Hg absolute
pressure, perature t in the drying chamber 1 is less than t mini-  45  RH =
a value between 0 and 100, which value mum, while heat is radiated from
the cooler         can be determined by those familiar with the art
condensation tank 15 to the surroundings each time   on the basis of the
actual dampness MC, the kind the temperature t in the drying chamber 1 is
greater  and the dimension of the wood (2), and than t maximum. The size of
the interval t-max minus  t  the actual temperature in the drying chamber
t-min depends on the extent of the temporary fluctu-  50  (1) measured in
[err] and by closing the pressure a tion existing between the heat
production and the   regulating valve (16) each time the pressure In heat
consumption. The greater the fluctuations, the  the drying chamber (1) is
lower than p. larger the buffer capacity needed, and thus the grea-  2.
Method according to claim 1, characterized In ter the interval t-max minus
t-min must be.       that one controls the wood dampness (MC) and the In
order to limit the energy needed for the oper-  55  drying process by
opening a pressure regulating ation of the heat pump compressor 13, It
should be  valve (16) provided between the drying chamber (1). ensured that
the choice of both the interval t-max  and the cooler condensation tank
(15) each tirne the minus t-min and the interval TD-x are as low as poss-
pressure in the drying chamber (1) exceeds the value 9   



17                 EP 0 256 100 B1                18 p, where p depends on
the following equation:     equal to or slightly lower than the dampness
(MC) on the inside of the wood (2). [err] 5   Anspriche where p = the
pressure in the drying chamber (1)         1. Eln Verfahren zum Enfernen
von Feuchtlgkelt measured in mm Hg absolute pressure,           aus
massivem Hoiz und anderen auf Holz basieren- RH - a value between 0 and
100, which value    den Produkten, wobel des Holz (2) zuerst unter geel-
can be determined by those familiar with the art  10  gnterm
Durchl0ftungsabstand  (4)  In  eiter on the basis of the actual dampness
MC, the kind  Trockenkammer (1), welche dazu vorgesehen let, urn and
dimension of the wood (2), and            in der Lage zu sein, sin Vaiuum
und Temperaturen' po = the pressure in a closed container from     bis zu
1000C auszuhalten, gestapeltwird, wonach die which the air has been
completely evacuated and  Trockenkammer (1) geschlossen und wihrend der
instead completely or partly filled with water, said  i5  EinfOhrung von
Wairme zum Auskochen der In dem container being arranged in the drying
chamber  Holz gebundenen Feuchtigkelt evakulert wird, inso- (1) in such a
manner that the water in the con-  fern ais man die abgefihrte Lut durch
aberhitzten talner constantly assumes the same temperature  Wasserdampf(1
1) ereetzt, wobei die Holzfeuchtigkelt as the superheated vapours in the
drying cham-  (MC) und damit derTrocknungspmzeS dadurch regu- ber (1),
20  alert wird, Indem man den Druck und die Temperatur and by closing the
pressure regulating valve (16)  des Oberhitzten Wasserdampfes (11)
steuertund den each time the pressure in the drying chamber (1)  Druck und
die Temperatur des tlberhitzten Wasser- is lower than p.
dampfes (11) In der Trockenkammer (1) so glelch- 3. Method according to
claims 1-2, where one   maSfig wie mOglich hIlt, und wobel wahrend des
cools the water vapours in the cooler condensation   2s
Trocknungsprozesses die Wasserdirnpfe aus der tank (15) by transferring the
heat released by the con-  Trockenkiammer (1) durch Kondensieren der Dsmpfe
densation to the drying chamber (1) by circulating a  In elnem separaten
KI(hlerkondensationstank (15) cooling medium, for example ammonia or freon,
with  evakulert werden, worin sne Temperatur aufrechter- a cooling
compressor (17), between heat absorbing  halten wird, die kielner als die
Kondensationspunict- elements disposed in the cooler condensation tank  so
temperatur der in  der Trockenkammer (1) (15) and heat radiating elements
(8) disposed in the  existlerenden Oberhitztn Dampfe (1 I) let dadurch
drying chamber (1), oharacterized in that one starts  gskenzsizchnet, the
cooling compressor (17) each time the tempera  dalI man die
Hoizfsuchtigkeit (MC) und den Trock- ture In the cooler condensation tank
(15) Is higher  nungaprozell durch 6ffnen sines Druckregullsrventll than
TD-x, and thatone stops the cooling compressor  3S  les (16), welches
zwlschen der Trookenkammer (1) (17) each time said temperature is lower
than TD-x,  und dem Kihlerkondensationstank (10) vorgesehen In that TD is
the dewpoint temperature of the     lot, jedesmal, wenn der Druck in
derTrockenkammer superheated vapours (11) in the drying chamber (1),  (1)
den Wert p Oberschreitet, wobel p von folgender and the size of x Is
determined beforehand on the  Gleichung abhangt: basis of the size of the
cooling surface.   40 4. Method according to claims 1-3, characterized
RH in that one dries wood (2) of the kind with low per-     P  100 X
(10&94) X (10 meability by a modified discontinuous vacuum drying, wherein
repeated changes are made between a heat-  wobel ing phase and an
evacuation phase, in that during the   45  p = der Druck In der
Trockenkammer (1) gemes- heating phase the wood (2) is heated until it has
sen in mm Hg Absolutdruck, reached a beforehand determined maximum tem-
RH = sin Wert zwiechen 0 und 100, welchervom perature while at the same
time being controlled as  elnechilglgen Fachmam auf der Basis der tat-
described In claims 1 and 2 by the pressure In the dry-  sfichiiohen
Feuchttgkeit MC, der Art und den ing chamber (1), in such a manner that the
moisture  60  Abmessungen des Holzes (2) bestimmt werden balance (EQ) in
the surface of the wood (2) Is held  kann, und equal to or slightly higher
than the dampness MC on  t = die tateichilche Temperatur in der Trooken-
the inside of the wood (2), and that during the evacu-  kammer (1) gemessen
In C, ation phase the supply of heat to the drying chamber  und durch
8chileoen des Druckreguilerventdes (1) Is shut off during simultaneous
control, as des-  as  (16) jedesmal, wern der Druck In der Trocken- cribed
in claims 1 and 2, by the pressure in the drying  kiammer (1) kleiner ais p
let, stsuertL chamber (1), In such a manner that the moisture      2.
Verfahren nachAnspruch 1, dadurch gekenn- balance (EQ) in the surface of
the wood (2) is held     zeichnet, daB man die Holzfeuchtigkelt (MC) und
den 10    



19                 EP 0 256 100 B1                  20 Trocknungpprozeol
durch 6ffnen snes Druckregulior-  wihrend gletchzeltig wle In don
Ansprflchen I und 2 ventiles (16), das zwischen der Trockenkaimer (1)
beschrieben durch den Druck in dorTrochenkammer und dem
Khiherkondenestionstmnk (15) voresehen   (1) gestouert wird, In elner
soichon Weiss, dalL die let jedesmal, wrm der Druck In der Trockenkammer
Feuchtigkeltsbalance (EQ) In derOberfilche des Hot- (1) den Wort p
Oberschrettet, wobei p von der fbigen-   u   zes (2) gb1ich odor wenig
hoher als die Feuchttgkelt den Gleichung abhbingt:
MC Irn Inneren des Hotzes (2) gehalten wird, und daS wihrend der
Evakulerungsphase die Zutfhnrng von -  RH                            Wirine
zu dor Trockenkammor (1), wfihrend gleich- p  100
zeotger Steuerung wie In den Ansprgchen I und 2 10  beschrleben, durch den
Druckin derTrockenkarnmner wobel
(1) In elnersoichen Weise abgeschatottwird, del dce p u der Druck In der
Trockenkammer (1) gemes-  Feuchtlgkeitobalance (EQ) In der Oberlifiche des
Hol- sen In mm Hg Absolutdruck,                    zes (2) glelch odor
geringfigig niedriger ala die RH  a sin Wert zwischen 0 und 100, welcher
vorn  Fauchtgkelt (MC) Im Inneren des Holzes (2) gehalten einschliglgen
Fachmann auf der Basis der tat-  is  wWld. schilichen Fouchttgkelt MC, der
Art und don Abinessungen des Holzas (2) bostfmnt warden kann, und
Revendleatlons po - der Druck In einem geschiossenen Behilltr, aus weichern
die Luft komnplett evaklalrt und der  20  1. Proo6fd pourl'6lirninaton de
rhumIdlt6 du bole stattdessen komplett oder tolwelse mit Wasser  solide et
d'autres prodults it base de bole, dans lequel gefUllt tet, wobel der
Behilter In der Trockenkam-  le bole (2) eat d'abord empl6 avc un espace
d'alr (4) mar (1) In afner solchen Weise angeordnet let,  approprl6 dons
une chambre de sachage (1) qul eat dag das Wasser in dam Container konstant
die  conque pour pouvoir rfaister a un vide et a des tem- glelche
Temporatur wie die Oborhiihten DAmpre  2S  paratures jusqu'IA 1000C, apre
quol la chambre de In der Trockenkainmer (1) annInmt,            e6chage
(1) estftorm   et 6vacu6o au cours de l'intro- und durch Schitgen dos
Druckregulfrventfles   dwutfon do chalour pour I6'lminatton par 6bullltton
de (16) jedesmal wenn der Druck In der Trocken-  I'huinldift6le au bole,
once qu'on remplace ralr6va- kammer (1) Idelner ala p Ile steuota
cuo par do la vapeur d'eau wurchauff6i (11), dans 3. Verfahren nach
Anspruch I bla 2, wobel man  so  lequel rhumld#t6 du bols (MC) et par
consequent le die Wasserdnmpfe In dam  lierkondensationstank    prooessus
de 6chaga sont rfgulft an ce qu'on rogle (15) durch Obarbragen der durch
die Kondensatfon  Ia presslon et la tamp6rature de cette vapeur d'eau
froegesetzten Winre In die Trockenkamner (1) durch  surchauffde (11), eten
ce qu'on malntelnt la presebon Zirkulation sines Kuhimedlums, zB. Ammonlak
odor  et lt temp~rature de a  vapeur surchauffee (I 1) aussf Freon, Obor
oenen Krlhikompressor (17) zwischan  s6  unifor6memnt quo possible dans la
chambre de. Wirmeaborptonselementen, die In dam Kflhiedwon-   echage (1),
et dans loquel, au cours de rop6radton densationstank (15) angeordnet shid
und Wirms-    de s6chage, lee vapeurs d'eau sont 6vacu6es de la
abstrahlungselomenten   (8),  die  In  der        chambre de sachage (1) en
condensant les vapeurs Trockenkammar angeordnot sind, Whit, dadurch
dans une cuve de condensation de rY0tg9rant (15) gakennzoichnot
40  s6par6e, dans laquelle eat maintbnue une tempera- dae man den
KOhikornpressor (17) jedesmal startot,.  ture Inf6rieure au point de roa6oe
does vapours sur- wern die Temperatur in dam K0hlorkondensation-
chauffdee (11) existant dans la chambre de a6chage stank (1 5) gralor als
TD-x let, unt dall man den Kdhl-  (1), caraotbrise an ce qu'on regle
rhumidit6 du bole kompressor (17) Jedesmal stoppt, wenn die        (MC) et
le prooessus de s6chage en ouwant une sou- Temperatur Ideiner ala TD-x let
wobei TD die Tau-  45  papa de r6gulation de la presaton (16) pr~vue entre
ia punkttemperatur der Oberhilrzen Dlmpfe (II) in dor  chambre de s6chage
(1) et la cuve de condensation Trockenkammer (1) ist und der Wart von x
vorhor aut  du r6frigtrant (15) chaque fols quo la presslon dans der Basis
der Grfle der Kihloberfliche bastinmt   Ia chambre de sechage (1) depasee
Is valour p, p wird.                                             6tant
donne par l'quaton sulvant: 4. Vorfahren nach Anspruch I bis 3, dadurch
ao golkennzelchnot,                                            RH dal man
Holz (2) von derArt mit geringer Durchlle-.      P  100 x (108.04) x
(10-(+Zfl) sigkolt durch sine modfzlerto diskontinulertiche Vakuumtrocknung
trocknet, wobel wiederholte Wech-  dans laquelle sel zwlschen elner
Helzphase und otner Evakuis-o     p estla preselon dans la chambre de
edchage (1) rungsphase durcIgfhrtworden, Indemwihrend der        mesur6e an
mm de Hg do presslon absolue, Helzphase des Holz (2) aufgehelzt wird, bis
aes ine  RH est une valour entre 0 at 100, laquele valeur, vorher bestiento
maximale Temperatur erreicht hat,   pout fte d6tennin6e par lee
sp6clallstes our la    21                 EP0256 0100B1 



base de i'humiditd effective MC, de la nature et de  4. Procede selon les
revendbcathons 1 A 3, carac- la dimension du bol (2), et
tirls6 en ce qu'on sache du bole (2) du type pr6sen- t eat la temperature
effective dons la chambre de  tant une foible pennabilite par un s6chage
sous vide s6chage (1), mesur6e en C,                     discontinu
modifli, dans lequel des changements et en fermant la soupape de regulation
de la pres-   5   r6pet6s sont effectubs entre une phase de chauffage slon
(16) chaque fots que la presslon dane la  et une phase d'evacuation, en ce
qu'au cours de la chambre de sechage (1) oet inferieure a t.     phase de
chauffage, le bob (2) est chauffb jusqu'A ce 2. Prooddd selon la
revendicat.on, caract*rbs en  qu'il atteigne une tempbrature maxima
d6ternin6e au ce qu'on regle I'humldite du bols (MC) etIs processus
prealable tout en etant reglee comme i a ete decrit de sachage on ouvrant
une soupape de regulatfon de  to  dane les revendlcations I at 2 par l
presslon dane la la presslon (16) prevue entre [a chambre de sechage
chambre de sechage (1), de toile maniere quo l'quii (1) etla cuve de
condensation du refrigerant (15) cha-  flbred'humidit6 (EQ) A la surfacedu
bole (2) solt main- que Thl8 que la presslon dans la chambre de aschage
tenu dgal ou lg6rement superieur A l'humidite MC A (1) dopasse la valeur p.
laquelle est donn6e par  l'int6ieurdu bols (2), eten ce qu'au cours de la
phase rlquation sulvante:                          15  d'evacuation,
I'apport de chalour a la chambe de sechage (1) eat arrete au cours du
r9glage simultan6, - RH                            commoe i a Ate decrit
done lea revendicatlons I et 2, P  10                             par la
presslon dons la chambre de sechage (1), do teile sorte quo 1'dquillbre
dthumldlt6 (EQ) A la surface dans laquello
20  du bols (2) soltmaintenu geal ou 16geroment Inffrleur p est la pressbon
dans la chambre de sechage (1)  A I'humldlte (MC) a l'interleur du bole
(2). mesurde en mm de Hg de presslon absolue, RH eat une valeur entre 0 et
100, laquelle valeur pout elre determinee par les sp6clalisteg sur la base
de l'humidKt effective MC, de Is nature et de   25 la dimension du bols
(2), et po oet la pression dans un rnciplent fenne dont I'alr a AK
complbtement vaocue, et qui a et A la place rempile completement ou
partlellement par de reau, co ralplent 6tant dispose dons la charn-  3o bre
de sechage (1) do tells maniere quo l'eau pr6- sento dons to riciplent
prenne constamment la mem temperature que lea vapeurs surchauffies dons la
chambre de sechage (1), et en fennant la soupape de rngulatbon de la pres-
35 slon (16) chaque Iobl quo la pression dans la chambre de sechage (1) eat
infrirlure A p. 3. Procede selon les revendications I et 2, dans lequol on
refroldit lea vapours d'eou dans la cuve de s  condensation du r~frig~rant
(1 6) en transferant la chor  40 lour lilbere par la condensation a la
chambre de sichage (1) on fhisant circuler un milieu do refroidle- soment,
par exemple de l'ammonlacou dufreon, avoc un comprosseur de refroidlesoment
(17), entre des elements d'absorption de chaleur disposes dons la  45 cuve
de condensation du refrigerant (16) etfdes Ais- ments Irradiants de la
chalour (8) disposes dons Is chambre de sechage (1), caracterise en ce
qu'on fait demamrer le compresseur de refoidissement (17) chaque fole quo
ia temp~rature dons la cuve de   6o condensation du refrigAnt (15) est
superioure A TD- x, et on ce qu'on arrete le compresseur de refroldis-
sement (17) chaque Ilis que cette temperature est inferioure A TD-x, en ce
quo TD est le point de rosee des vapeurs surchauffess (11) dons la chambre
de   s; sechage (1), et en co quo x eat dbtermind au prdalable sur Ia base
de la tesle de Ia surface de refroldise- ment. 12    


