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Timber Drying by vacuum or by conventional methods?

Part 1: A survey of alternative methods, distinctive
features of vacuum driers, the processing involved

by Reinhard Brunner, Hanover

For many operators an important step in the rationalisatlon of timber drying may be the introduction of vacuum
drying — with drying times which may be 2 to 6 times shorter than in conventional processes. If the correct method is
selected better timber quality and lower drylng costs will also be obtained. The lollowing notes provide clear, concrete

help in deciding which option to take,

1. New ideas from the New World

An article entitled “Secret lumber-drying process
remains shrouded in mystery’ appeared recently (Feb-
ruary 1993) in the US journal “Woodshop News™. The
inventor, Eugene Sexton of Tennessee, claims that his
“ESP '90" process can dry whole trees naturally, cheaply
and without special equipment, with little or no timber
reduction. Eugene Sexton has declared his intention of
cutting a large tree (red oak) into three equal sections
and drying only the two end parts. All three sections are
then 1o be examined for moisture, discoloration and
other changes by scientists from the US Department of
Agriculture’s Forest Products Laboratory (FPL) in
Madison, Wisconsin. The parties are so far in agree-
ment; but no-one has yet declared himself willing to
cover the costs of transporting the three pieces (each
3 mlong, Y2 m in diameter and weighing 450 kg) from
Tennessee to Wisconsin. The three pieces of trunk have
already been stored for over ayearon Sexton's premises.
The two dried sections are in “good condilion”, says
Sexton, but the central part is “away from the window"
and may possibly split right through.

This “heavenly" drying method has not yetreached
Europe; we realists stiil have to rely on conventional
fresh airfexhaust air drying and increasingly on vacuum
drying. Nevertheless this article shows thatnew drying
methods are being considered all over the world, in
research laboratories and industrial development cen-
tres. At atime when rationalisation measurcs arc char-
acterised more and mare by lerms such as *just in time™
and "lean production”, oak drying limes of one or cven
six months sound rather antiquated and can hardly be
justified economically.

Fig.1 Het steam vacuum drier High Vac B40/10

I1. A survey of alternative drying technigues

Even in the past there has been some variety in the
vacuurn driers available, in respect of the basic process
{continuous or discontinuous) and the type of heating -
by convection, heating plates or microwave, As drying
terminology is now well known, only extremely impor-
tant features will be mentioned, briefly. More space
will be devoted to a less well known method, micro-
wave heating.



In discontinuous vacuum drying (always with
convection heating, i.e. with heat transfer by circulat-
ing air) the wood undergoes repeated changes, first
being heated at atmospheric presstre then demoisturised
at low pressure without any heat. This saves on fan
capacity in the design of the chamber; however there is
considerable risk of discoloration owing to the pres-
ence of a high oxygen component during the heating
phase,

In continuous vacuum drying there is simultane-
‘ous heating and demoisturising most of the time, at
reduced pressure; external air is excluded. With con-
vection heating the air speed, i.e. the fan capacity, must
be suitably high owing to the low density of the drying
agent. Withdirect heating no fans at all are required but
there are serious problems: heating plates are only used
individually and only for small useful volumes owing
to their limited size and the very laborious, time-
consuming job of stacking and removing from the
stack.

The other direct heating method, viz the use of
microwaves, is at present being tried out on miniature
driers in Japan. Apart from the comparatively high
capital costs and greater likelihood of malfunctioning it
is very difficult to obtain homogenecus intensity distri-
bution over the whole stack, i.e. the risk of local
overheating of the timber is relatively high when rapid
drying is carried out. But the main drawback of micro-
wave heating at the moment is that all the energy
required for drying has to come from the electricity
network. Nor is the efficiency of ordinary power oscii-
lators all that high (e.g. it is less than 70% for continu-
ous wave magnetrons); the excess operating heat of the
“transmitter” has to be dissipated by intensive cooling.
At any rate “waste heat” from chip or bark combustion
cannot be utilised with this type of drier.

III. Some detalls of the vacuum drying process

Thedistinctive features of vacuum driers described
above can no longer provide the designer with a basis
for costing models specifically 10 customer require-
ments, Plate ormicrowave heated installations no longer
meet {or do not yet meet) the high demands which the
rapid technological developments of recent years have
brought with them. They are also inappropriate for
large chambers; yet there is more and more demand in
the market for these particular installations.

The old classification takes too little account of the
importance of physical state variables in a low vacuum;
these are a decisive factor in determining the drying
result (drying time, quality and cost, degree of discol-
oration, final moisture dispersion) and purchaéc price.

Limits reflecting the effect of state variables on
individual stages of the process and drying targets must
therefore be drawn so that the vacuum drier models and
drying methods of the future can be regrouped.
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The distinction between continucus and discon-
tinuous vacuum drying should be retained so long as
both methods are widely used in practice. But the
distinction according 1o the type of heater can be
dropped, since heating by forced convection {fans) has
clearly gained acceptance and is almost universal.

Drying in pure superheated steam or a steam-
air mixture
Selection of the drying agent is of great importance,
since design, control and drying targets are equally
concerned with it. Either pure superheated steam or a
steam-air mixture is used. Residual quantities of air can
never be completely discharged, so there is no clear
division between the two versions, especially at very
low operating pressures below 100 mbar. The differ-
ence should therefore be defined a bit more accurately:
in superheated steam drying an attempt is made to keep
the partial pressure of air as low as possible; in drying
with & steam-air mixture dosed quantitics of air are
systematically fed in for specific purposes.
Table 1

With pure stcam high demands are made on the
vacuum pump and the tightness of the drying chamber
inrespect of the lowest partial pressureof air obtainable
(less than 30 mbar). However the demoisturising rate
can be increased almost at will by appropriate cooling
of the condenser, since the steam on the way 1o the
condenser is not slowed down by any appreciabie
resistance caused by diffusion.

If a mixture with air is used instead of pure steam,
and if there is the same partial pressure of steam and an
unchanged temperature, there will be the same relative
motsiure, 1.e. the climatic values willremain unchanged.
Owing to the higher total pressure prevailing and the
accempanying higher gas density, there are no prob-
terns with conventional heat transfer to the timber: the
required fan capacity or speed is reduced. But the
higher totai pressure simuliancously reduces the mabil-
ity of the walter in the timber {coef{icient of circulation)
and thus increases the risk of drying stresses. The
diffusion resistance which the air molecules set up to
the steam must also be taken into account. It impedes
compensation of the partizl pressure of steam in various
stacking areas and limits the demoistunsing rate up-

“wardly, without additional apparatus. But even at the

conditioning stage it may be helpful to use this impedi-
ment systematically, e.g. in order to slow down disper-
sion of wood moisture (more on this in Section V).
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Table 1 Rough criteria

Conventional for assessment of timber
fresh/oxbaus ;
Vacuum drying in air drying driers (drawn up for
— —— - material requiring a
4 ed 5o terarn- e ar
Deying sgem Pl Hpeed e | Mo drylng time of at least
Operating contin. ditecm- sostin- discon- | camtinuons 10 days in the fresh air/
Procom uous UououE VALY Hmuous
exhaust alr process).
Total operating Assessment:
(low) o From:
proasurs {mbar] 0 200 50 200 | 100 200 100 200 ! atmospheric 1= good, 5 = poor.
Drying time 1 2 3 3 5
Drying visk 1 3 2 5 4
Pinal moistare
dispersien
(2nxawn) 4 3 2 2 )]
.Tlmb:r colour 1 3 2 3 4
Elecuricity g g
consumpion —~ 4 4
(with speed 3 g E
conwrol} 2 E 2 E 2 3 4
tion (without 51 2 3 3
recovery) 1 . o2 4 2 B 3 g 4
1§ 3 : i
Water con- - 3 el -
sumption : 38 3 3§ |2 § 3 % |1
Total costs
perm’ 1 2 4
Purchass prics 5 2 1

Adapting the operating pressure to the job

A third distinctive feature — the pressure range used
for drying — is primarily concerned with the type of
woods ta be dried and also affects the cost price. The
lower the operaiing pressure the more expensive is
convection heat wansport, with a large number of fans
designed specially for low pressure, The higher de-
mands made on seals and the vacuum pump have
already been mentioned, and in addition the running
times of the pump are longer and the resultant wear
greater.

However, this extra expense is inevitable for a
company wishing to dry deciduous woods quickly but
gently. For example, if we consider the use of pure
steamn at an operating pressure of 200 mbar, we know
that this level represents saturation point at 60 °C. That
is 1o say, 1t is essential for the chamber temperature to
be higher, since only unsaturated steam can absorb
moisture from the timber. So obviously the only woods
that can be dried at 200 mbar (or over) are those which
can iolerate temperatures of 65°C or higher from the
outset (even when freshly sawn). But this is not gener-
ally the case with deciduous timber.

Although the temperature limit predetermined by
the operating pressure can be reduced in a steam-air
mixture this has disadvantages, particularly a greater
risk of discoloration. Drying at too high a pressure
should also be avoided so that transportation of mois-
ture — which is especially critical in hard woods ~ is not
slowed down unnecessarily.

For strong material (building timber) optimum
conditions can always be found a1 pressures from 200
to 1 000 mbar in a continuous process. For weak
softwoods aclear increase in drying speed in a vacuum
—overthatof conventional driers ~canonly be obtained
in a discontinuous process,

Subdivision according 10 the operating pressure
range is not necessary in a discontinuous process {with
any kind of timber), since one will want to make up the
time lost in the evacuation phase as a result of the
separate heating phase, with the lowest passible final
pressure.

IV, Cost comparison based on moist oak

Critical scrutiny of the assessment given in Table 1
reveals that continuous vacuum drying in pure super-
heated steam offers particular advantages, assuming
thatthe material needs to be vacuum dried for economic
reasons. (The criterion used for vacuum drying was that
the minimum drying time by the conventional method
would be 10 days.)

The cost comparison in Table 2, between conventional
fresh airfexhausl air drying and the superheated steam
vacuumprocess, provides amore detailed picturcof the
costsituation. The basis for the comparison is an annual
output of 1300 m? the ealculation is based on invest-
ment and cost estimaies made in 1993.



Independently of these absolute figures, vacuum
superheated steamn drying solves the problem of tying
upcapital as aresult of the extremely long drying times.
Today thick oak boards are still largely predried in the
open for about 2 years (and sometimes 3 to 6 months in
pre-driers) before being dried in a chamber, owing to
discoloration and drying risks. With oak costing say
1200.00 DM per m® this means an extra cost of
70.00 DM per m? for conventional drying (assuming
1 year open air/pre-drier, 8% interest, drying time
previously 90, now 60 days). So in the example given
the total costs are 126.35 DM per m® (vacuum) as
against 237.20 DM per m® (conventional).

Table2  Cost comparison between two
sawn timber drying units

Yacuum drier  Conventiona)

1. Basle condlitions hlgh«¥ac* drier HTR 100°*
Typo of timber European onk, sawn
Thickness of timber mm 30

Sucking sirip thickneas mm 20 %
Initis] moisnure % 70-80

Fimi moisturs % 8

Widthways layouat % 85

Sueking factor 0.6 a.57
Swcking dimensions:

- widh mm 221200 Sx 1200

- height mm 2x1150 Ix1200

- length fum 19600 10000
Chross uscfal cantent ! 108 Ix 26

Not uscful content mt 63 3x123
Drying tims days 16 90
Drying days in year 320

Anrmual cutput m* approx,1 300 approx,] 360
Heating medium © PHW 110/9¢

Inauailed heating power kW 180 3x 2350
Conneclod wattage:

- fans kW 14x 3.0 Ix5x30

- YRCUUM pump kW 110 -

- cooling fans kW 11.0 -
Anmusf ciorgy consumption:

- heating {cil) 1 approx.60 000 approx. 180 000
- clectricity kWh approx. 120000  approx.175 000
- watsr m? approx, 10 approx. 50
Spece requirement without

drivoways m? 200 330
Asxembly time/hands dayvh 151150 4071200

* MiBranner Trocketechnik GmbH
** Mir:Hidebrand Holzzechnik GmbH
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2. Investment coats High-Vxc HTR 100
Unit siza/
waaful comtent mt 1x55 Ix123

Additionzl supplics, suitable
for qutdeor nstallation, incl.
compular & printer, stepwise
speed control {incl. pump &

cocling system for High-Vac),

inel. packaging, erection,

commissioning DM 455 000.00 438 000.00
Openating room DM 8 500.00 20 000.00
Trarsport costs (300 km) with

unloading at sita DM 17 000.00 T 80000
Building aassmbly hands DM 5 250,00 42000.00
Hreetion aida DM 3 000.00 19000.00
Foundations, building

work, rils DM 13 500.00 33 000.00
Land without driveways

(30.00 DMfm*) BM 6 000.00 9 900,00

Insmllation of waisr,
elecrricity, compreased air

and compressor M 21 10,00 3400000
Buiiding & operating '
permission, architect DM — 10 005,00
Towl DM 530 C00.CO 604 000,00
3. Summary Hlgh-Yac iITR 10¢

3.1 Depreciation
vesuren) costs
xQ1 DM 53 600.00 60400.00

3.2 lnwsmcst on cupital
5% of investment costs DM 26 500.00 30 200.00

3.3  QOperating costs
(average avor 10 yours)

a) ol consumption 3 60 000 103 000
DM 36 000.00 60000.00
b) clectricity kWh 120 000 175000
DM 45 600.00 66 500.00
©} waler consumption i 500 50
DM 3150.00 263.00
Total annual coss DM 164 250.00 217 363.00
Annual drying ourput m? 1300 1300
3.4 Total contfen® (armual
average gver 10 yeam) DM/m? 126,33 167.20
3.5 Cumment operating coats
(asbrre, based on 1993) OM/m? 43,15 64.56
Ragic fgues
Depreciation 10% p.a. {10 years)
Intereat on capital 10% p.a, (reguiar epayment)
Henting oil coxs 199% 0.40 DMA
2003: 0.30 DMA; average (.60 DMA
Electricity costs 1993: 0.25 DM/%Wh
2003: 050 DMAWh
average 0.38 DM/AWh
Water costa 1993: 3.50 DM/m*
2003; 7.00 DM/m*
avermge 5.25 DM/m®
Land casts 33.00 DM/mtt

Unskilled workor costs 3500 DM/ {incl. incidental cxpenses)

Not included in calculations: Inveatment costs heating unit, wx and insurance,
stacking banens and other aids, sacking costs, handling and supesvision, maints.
nance, repairs, replacement purts. Thess items are regarded us neutral in tha con
cormparisor.



