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ABSTRACT 

A compression drying experiment carried out on small blocks of sapwood from Pinus radiafa, 
Araucaria cunninakamii. Eucalvolur reanans. and E. oblioua is described. Efects of initial moisture . . - 
content, speed of compression, specimen thickness and orientation on moisture loss and energy input 
were studied. All specimens were compressed perpendicular to the grain to the same stress in either 
a radial or tangential direction in a jig that prevented lateral expansion. Force and deformation changes 
of the specimens were recorded during compression, and water loss at the end of the process was 
measured. From these data, volumetric compressions, moisture losses, energy inputs, and energy 
efficiencies of water removal were calculated. 

The analyses of variance confirmed that initial moisture content, species and wood specific gravity, 
amount of volumetric strain, rate of compression, and specimen orientation all affected unit water 
removal: specimen thickness did not. The lower density softwoods deformed to a greater extent than 
the hardwoods and lost more water. More water was removed from wetter specimens than drier ones 
at the same stress, and a slow compression rate caused a greater water loss than a more rapid rate. 
Specimens compressed tangentially lost more water than those compressed radially. Energy eficiency 
of water removal was greatest in the relatively low specific gravity Pinus radiafa specimens with high 
moisture contents which were compressed tangentially at a slow rate. 

Keywords: Pinus rndiafa. Araucaria cunningkarnii, Eucalypfur regnans, E. obliqua, sapwood, 
compression, drying, moisture loss, energy input, moisture content, compression rate, orientation, 
specimen thickness. 

INTRODUCTION 

During recent years, the energy crisis has caused increased interest in the use 
of wood as a fuel. Within the developed countries, there is a trend to use wood 
as a substitute fuel where it can supply energy more cheaply than the nonrenewable 
alternatives such as oil. In less developed countries, where fuelwood is often the 
most important source of energy for domestic cooking and heating, it is simply 
the dwindling accessible supplies that are causing the crisis. Dried fuelwood, 
compared with the freshly cut green material, has a higher energy density, is lighter 
to transport, and can be burned more efficiently. A rapid, energy-efficient process 
for drying fuelwood would therefore be advantageous. 

Compression drying is much more energy efficient than evaporative drying 
(Haygreen 1981, 1982; Liu and Haygreen, 1985) but, compared with other drying 
procedures, little research has been camed out into the process (Wingate-Hill 
1983a). Wingate-Hill and Cunningham (1984b) report a study of compression 

WwdandFlbrr Science, lS(2). 1986. pp. 315-326 
B 1986 by the Sodmy tyof Wood SclCnFC and Tcchnolom 



316 WOOD AND RBER SCIENCE, APRIL 1986, V. 18(2) 

drying in small blocks of sapwood from four Australian species compressed to 
the same level of volumetric strain. This paper describes a similar experiment in 
which maximum compressive stress applied to the test specimens, as opposed to 
maximum strain, was held constant. These regimes represent two alternative 
methods that could be used in practice for water removal, that is, pressing a 
constant volumetric charge to a fixed stop or to a constant load in a platen press. 
The object of the experiment was to provide additional information on water 
losses, moisture content changes, and energy inputs and identify the factors, or 
combinations of factors, that have the major influence on these variables. This 
information could then be used for a preliminary assessment of the potential value 
of compression drying and an indication of where further research is required. 

MATERIALS A N D  METHODS 

Five factors likely to influence water removal per unit volume of wood were 
studied. These were species (4), initial degree of saturation (60 and loo%), spec- 
imen orientation (radial and tangential), rate of deformation (0.4, 8.0, 15.0 mm 
min-I) and specimen thickness (5, 10 and 15 mm). 

The species of wood used were two softwoods, radiata pine (Pinus radiata, PR), 
and hoop pine (Araucaria cunninghamii, AC); and two hardwoods, mountain ash 
(Eucalyptus regnans, ER) and messmate stringybark (E. obliqua, EO). This choice 
of species was made so that the influence of wood structure on moisture removal 
could be studied. The hardwoods and softwoods represented two different types 
of structure, the latter more permeable than the former. Both hardwoods have 
similar anatomies (Dadswell 1972), but the two softwoods are somewhat different. 
PR has bordered pits with tori, whereas the pits in AC have no tori and the pit 
membranes should be more permeable than those in PR. The wood samples were 
compressed perpendicular to the grain to remove moisture. Green wood from the 
four species shows a fairly uniform increase in its resistance to this type ofcompres- 
sion in the order PR, least resistant, AC, ER, and EO (Bolza and Kloot 1963). 

Degree of saturation was used in preference to moisture content because it refers 
to the proportion of the total void space within the wood occupied by water and 
it is this "free" water that is removed during compression drying. Sixty and 100% 
saturation were chosen to represent the extremes. Sixty percent is a little below 
the mean value measured in some preliminary sampling of EO, the driest species 
which, in common with the rest of the samples, were cut near the end of a very 
severe drought. Sapwood is probably never 100% saturated in practice, but data 
on water losses caused by compression from saturated sapwood represent an upper 
datum for a given species and compressive strain. 

The rate of deformation of 0.4 mm min-' was as close as it was possible to get 
with the equipment available to the standard rate of 0.3 mm min-' for testing 
the strength of wood in compression perpendicular to the grain (Mack 1979). 
Fifteen mm min-I was the highest rate available on the testing machine. Faces 
ofthe specimens subject to compression were the small standard size for specimens 
compressed perpendicular to the grain, 20 mm wide x 60 mm long (Mack 1979) 
so that adequate compressive strain could be achieved with the 20 kN capacity 
testing machine available. The thinnest specimens were intended to approximate 
to wood chips and 5 mm was the minimum thickness that could be machined 
conveniently and accurately without the specimens breaking. 

The sources of sample material and some details of the trees are given in 
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Wingate-Hill and Cunningham (1 984b). A randomized split plot design was used 
for the experiment. Three trees were selected at random from each species at each 
site to provide the replication. Lengths of stem close to breast height were cut 
from the selected trees. These samples were wrapped immediately in polyethylene 
sheeting to minimize moisture loss and were stored in a refrigerator until required. 
Two discs, a little thicker than 60 mm, were cut from each sample, and twelve 
test specimens were cut from around the periphery of each disc just inside the 
bark. Each test specimen was machined accurately to 20 x 20 x 60 mm, using 
a method described by Wingate-Hill and Cunningham (1984a). Six each of the 
5-, lo-, and 15-mm-thick specimens were then cut from these 12 specimens in 
pairs so that each member ofa pair came, as far as possible, from adjacent locations 
in the original sample disc. One specimen from each pair was compressed tan- 
gentially, the other radially. All specimens from one sample disc of each pair were 
conditioned as close as possible to 100% saturation; those from the other disc 
were conditioned to approximately 60% saturation. 

Test specimens requiring almost complete saturation were submerged in a bea- 
ker of water within a desiccator, which was evacuated for at least six hours. Air 
was then admitted and water entered the previously air-filled voids in the wood. 
A procedure had to be devised for conditioning specimens to 60% saturation to 
reduce the initial unacceptably wide range in specimen degree of saturation values 
caused by the relatively large variations in sapwood specific gravity and moisture 
content from tree to tree. The procedure adopted was to test all the almost 100% 
saturated samples in each batch, then oven-dry them. The mean oven-dry mass 
(M) for each batch was substituted into Eq. (1) with specimen volume (V) and 
required degree of saturation (S) to calculate the target mass (TM) down to which 
the samples selected for 60% saturation had to be dried. 

TM = S(V - 0.95M) + 1.30M (1) 

The derivation of Eq. (1) is given in Wingate-Hill and Cunningham (1984b). 
Prior to compression, specimens were weighed and measured, then inserted 

into a jig that confined the vertical side faces so that lateral expansion could not 
occur during compression. The advantage of this type of compression was that 
specimen size at the end of each test could he measured easily and accurately and 
macroscopic cracking was eliminated. Compression was carried out in a small 
universal testing machine. A record of the forces applied to each specimen and 
the resulting deformation were taken by using an X-Y recorder. When the required 
load was reached, all water was quickly wiped from the ends of each specimen 
to prevent re-absorption, and the load was removed. Each specimen was then 
taken out of the jig, weighed, oven-dried, and re-weighed. 

RESULTS 

Table 1 contains the species means for initial degree of saturation, moisture 
content, and specific gravity. The aim was to condition all specimens within the 
"lower" and "upper" groups to the same degree of saturation so that there would 
be a uniform basis for comparing moisture loss from the different species, spec- 
imen thicknesses, etc. Moisture contents of the specimens were more variable 
than their degrees of saturation because of the differences in specific gravity both 
within and between species. 

Analyses of variance were carried out on the data derived from the dimensional 
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TAI~LF I .  Initial mean values.for deree  qf  .saturation, moisture content and specific gravity of the test 
specimens 

Ikgree of saturation Moi~lurc contcnl 
1 w i  l l P  , .., , ~, 

sllccilic 
Snecicr I.OWCP llppcr Lower clppcr gravity" 

Pinus radiata 62.1 99.8 108.2 154.8 0.46 
Araucaria cunninghamii 59.6 99.9 98.1 148.3 0.48 
Eucolyplus regnans 61.8 99.0 101.1 140.8 0.48 
Eucalyplus ol~liqua 64.1 97.6 90.0 116.2 0.54 
Coefficient of variationd 1.9 4.9 2.9 
. GravlmPlnc. oven-drv ha717 

"(Oucn-dry mass orwood wm~lelrnas. o fa  volumc of water equal to the green volumc of lhc ~mnlc . )  
' "Lavrr" and "uoocr." rcrcr lo Ihc lsnel dcarcrr ofrafvralion a f 6 W  and 100% nspcelively. and lo Ihc comsponding wood 

and weight measurements taken on the specimens and from the recorder charts. 
All the data sets met the requirements for homogeneity and additivity except the 
energy input per unit water loss set, which was transformed by log prior to 
analysis. A summary of these analyses is given in Table 2. All specimens were 
subjected to approximately the same force, i.e., close to the maximum that the 
testing machine could apply and, since the area of the horizontal faces in all 
specimens was the same, they were all subjected to similar maximum stresses. 
The mean maximum stress was 17.4 MPa, range 16.6 to 18.6 MPa. 

Maximum volumetric strains caused by the imposed stresses changed very 
significantly with all the primary variables except initial degree of saturation (Table 
2). Some illustrative mean values are given in Table 3. The softwoods, PR 
and AC, were deformed more than the hardwoods, in some cases by up to twice 
as much. PR was compressed more than AC in every thickness, orientation 
combination, but the differences between ER and EO were less consistent. Vol- 
umetric strains changed very significantly with specimen orientation; they were 
always greater in the tangential orientation except in 5-mm-thick EO specimens. 
The amount of compression decreased with an increase in the rate of compression 
(Table 3) in all species. 

These changes in volumetric strain were reflected in the reductions in moisture 
content and mass caused by compression, with the initial degree of saturation 
as a major additional variable influencing the values (see Tables 4-7). Mass 
reductions are listed (in Table 5) in addition to moisture content reductions 
because some ofthe high values, especially in the softwoods, may have important 
implications in relation to lowering transport costs of green timber (Wingate-Hill, 
1983b). The order of moisture content and mass loss was always PR, AC, ER, 
EO (the lowest), and for comparable samples those with the highest initial degree 
of saturation lost the most water. Samples compressed in the tangential direction 
generally lost more water than those compressed radially, and moisture loss de- 
creased as the rate of compression increased. 

Some mean values of energy inputs during compression are listed in Table 6. 
The energy inputs were obtained by expressing the area beneath each force de- 
formation curve, drawn on graph paper by the X-Y recorder, as a proportion of 
the initial mass of the specimen. General trends were for energy input to decrease 
in the order AC, PR, EO, and ER with tangentially compressed specimens ab- 
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TAIILE 3. Mean values of maximum volumetric strain (%)." 

Oncnlafion* Orientation' O""nfr?tmno 

Tangcn- Tnnlcn- Tmgen- 
Spccier Radial tiat Means Radial tlal Mcanr Radial teal ~ e r n s  

Thickness (mm) 

5 10 i s  

Pinus radiata 40.1° 43.0 41.6 43.3 45.2 44.3 44.6 47.4 46.0 
Araucariacunninghamii 37.9 38.4 38.1 40.1 40.9 40.5 39.2 42.3 40.7 
Eucalyptus regnans 19.4 20.5 20.0 21.8 22.8 22.3 23.8 24.2 24.0 
Eucalyptus obliqua 23.7 22.6 23.1 21.7 22.9 22.3 23.3 23.4 23.3 

Means 30.3 31.1 31.7 33.0 32.7 34.3 
compression ratc (mm minP) 

0.4 8.0 I S 0  

Pinus radiata 45.2 46.9 46.0 41.8 44.5 43.1 40.9 44.2 42.5 
Araucariacunninghamii 42.8 44.1 43.4 37.8 40.2 39.0 36.7 37.4 37.1 
Eucalyptus regnans 31.5 30.5 31.0 16.9 18.9 17.9 16.6 18.1 17.3 
Eucalyptur ohliqua 27.1 27.9 27.5 21.5 21.3 21.4 20.2 19.6 19.9 

M e a n s  36.6 37.4 29.5 31.2 28.6 29.8 
A~nrnxlrnalr slmdlrd cmon aldiTcrcncr.s ornlasnr Cor Ihc rncries x thickness x orirnleion !ntcraclions were: 

Maximum vo lumr l r~  strain 

For any ~ a i w i s c  commriron acmrr rwcicr 3.4 
R,r any prinuiqc ormm~ntln within spicier I . /  

Apprc~xim:tw standard rrrors ordircmnces ormeans ror ~ h c  rnccics x conlprcnsion x oricntrtil,n intcnmi~nr werc: 

Maximum vo/umc,ric *rain 

. . 3.3 
For any sinvisc mnlprrinm wlvhm rnccicr 1.0 

Volumetric strain dcilned as: !!in,tirl volurnc - volumc at cod of comorc~rionlliniti~l ~ o l ~ r n e l  x In(196. 

sorbing more energy than radially compressed specimens of the two softwoods, 
but the reverse was true in the hardwoods. The two groups also behaved differently 
with respect to the effects of strain rate variation. The largest difference is between 
the compression rates of 0.4 and 8.0 mm min-I in the hardwoods; the other 
differences are relatively small. 

The energy efficiency of water removal was expressed as energy input per unit 
of water lost during compression and a selection of mean values are listed in 
Table 7. In the case of PR the high energy input values were matched by large 
water losses so that the efficiency of water removal was relatively high. Generally 
the descending order of efficiency was AC next then ER and EO. Less energy was 
required per unit of water removal from the fully saturated specimens compared 
with the drier ones, and the efficiency of water removal decreased as compression 
rate increased in the specimens with the lower degree of saturation but not in the 
fully saturated specimens. Radial compression was less efficient than tangential 
in the hardwoods. ER and EO, and in AC, but the reverse was the case for the 
softwood PR. 

When water is removed from wood, there is an increase in net heating value 
of the wood because less water has to be heated and vaporized when it is burned. 
This increased energy value can be used as an alternative means of measuring 
efficiency in compression drying, particularly appropriate in the case of fuelwood. 
The increase in net heating value is expressed as a proportion of the energy input 
required to remove the water. Representative values of this energy ratio are given 
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TANI.~: 4. Mcun values of n~oisture content reduction (%P ond initial moisture content 

Initial dcgnc 01 Oncnta,iOn 
nturnll>n rornprerrion ra,c (rnm min ') - - Tangcn- - 

snurics Lorcr Umer Radial url 0.4 S o  I 5  Mcans 

Araucuria cunninphamii 51.2 96.7 72.1 75.8 77.1 74.0 
(122.8) (124.1) 

Guca(vp1us rrgnans 21.0 54.0 36.3 38.7 50.7 31.3 
(121.2) (119.5) 

Eucalyptus ohliqua 18.9 48.3 33.5 33.7 38.7 31.6 
(103.2) (101.7) 

Means 38.2 76.2 55.5 58.9 63.0 55.1 
(1 19.4) (1 19.3) 

Apprnximnlc rirndard rlrom orditTcrcn~cr ormerns werc: 

Moisture conlcnf reduction 

Initial degrce or rompression lnilial rnoirfurr 
ra,untion Oncnlalion rate contcn, 

R,r any prrwsrr cornpanlon across species 10.4 9.9 10.1 12.3 
Wr any nr8nvlsc compnnmn v l l h i n  r p r ~ i c ~  4.6 1.0 2.3 2.3 

a (Initial MC (%) - final MC (%I.) 
Vni tk~ l  M<'(%),  gnvimnrir. avcn.dry haris. 

in Table 8. The percentage increase in net heating value was calculated by using 
Eqs. (2) and (3), viz., 

ANHV = 100R(MCg + I)/(y - MC,) (2) 

Where, 

Mass reduction ratio, R = (M, - MJ/M, (3) 

and, 

M, = mass of specimen after compression de-watering 
Mg = initial mass of specimen 

MC, = initial moisture content of specimen, oven-dry basis 
y = a constant equal to 7.1 

The derivation of Eq. (2) is given in Wingate-Hill and Cunningham (1984b). 
Mean values of the energy ratio showed a similar pattern of variation to the 

values for energy efficiency of water removal (Table 7). Generally the ratio de- 
creased in the order PR, AC, ER, EO, except in the fully saturated specimens of 
AC and ER, where the order was reversed. Efficiency fell as compression rate was 
increased in the specimens with the lower initial degree of saturation but did not 
change much in the fully saturated specimens as compression rate was increased. 
Tangential compression was more efficient than radial in AC, ER, and EO but 
not in PR. 

DISCUSSION 

Changes that occurred within the specimens during compression were very 
complex because the specimen volume and mass, the external forces acting upon 
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TAHI.E 5. Mean values of mass reduction (%).' 

Initial dwse  of 
sa,uration 

S w i e r  Lower Upper Radial t 

Pinus radiata 29.6 41.5 34.1 37.0 
Araucaria cunninghamii 27.7 38.9 32.3 34.3 
Eucalyptus regnans 10.3 22.2 15.8 16.7 
Eucalyptus ohliqua 9.8 22.2 15.9 16.0 

Mcans 19.4 31.2 24.5 26.0 

Compression ra!c (mm mln 'I 

8.0 15.0 Means 

36.3 35.4 35.0 35.5 
34.8 33.3 31.8 33.3 
22.1 13.5 13.1 16.2 
18.4 15.3 14.3 16.0 
27.9 24.4 23.5 

A ~ ~ r o i i m r l e  standard enors oldircrences or means were: 

Ibr any lrriwiss ommiison rcmss specics 2.74 2.h9 2.74 
For m y  nriwisc comparison within species 0.85 0.38 11.72 

. (Redliclion in mass duc lo moirturc lorsiinilial mass) x 100%. 

it, and the forces on its constituents were all changing throughout the compression 
process. The external compressive force was supported initially by the wood 
structure, water and air in the wood and, as a small amount of lateral expansion 
occurred, by frictional forces on the vertical faces in contact with the jig. The air 
and wood structures were compressible, but the water was not. Nevertheless air 
(in the nonsaturated specimens) and water vapor were forced out of the specimens 
first as the wood structure was deformed. Near the region on the force/deformation 
curve corresponding to the limit of proportionality, water began to appear on the 
ends of the specimens initially conditioned to 60% saturation. Water flow in- 
creased rapidly to a maximum then slowed down, but did not stop completely 
until the load was removed. Water losses caused by compression would therefore 
have been slightly greater if specimens had been left under load for a longer period. 

Initial degree of saturation was one of the most important factors influencing 
moisture loss (Tables 2 and 4). The greater water loss from the two softwoods 
was expected in view of their lower specific gravities, lower compressive strengths 
and greater volumetric strains, and initial moisture contents compared with the 

TAs1.e 6. Mean values of e n e r ~ y  input per unit initial wood mass during compression (JK'). 

Initial degree 
"(.SaL"Ta,ll>n orientation 0"cntation 0""tafi."" 

Tangcn- Tangen- Tangcn- 
Swcics lawcr Uppcr Radial Clal Radial llsl Radial tial Means 

Pinus radiala 3.5 2.9 2.9 3.4 2.9 3.5 3.0 3.6 3.2 
Araucaria cunninghamii 4.5 3.6 3.8 4.0 4.0 4.2 4.0 4.2 4.0 
Eucalyptus regnans 2.4 1.8 2.9 2.4 1.9 1.8 1.8 1.8 2.1 
Eucalyptus obliqua 2.5 2.3 2.8 2.7 2.4 2.2 2.2 2.0 2.3 

Means 3.2 2.6 3.1 3.1 2.8 2.9 2.7 2.9 
Ap~mximate standard ermrs ofdirerences of means were: 

Initial dcgnc of saturation Comprerrion ratr 

For any painrise cornpa""" across species 0.14 0.13 
For any paiwirc cornpatirun within species 0.08 0.06 



TABLE 7. Mean ~folues of energy input per unit water lost during compre~sion.~ 

Initial devee of saturation 

otien,El,ion comprarion rat. (mm mi"-') compmrion  rat" ,mm min-l) 

S w i m  Radial Tangential 0.4 SO 15.0 Means 0.4 8.0 I S 0  Mean5 

Pinus radiata 2.17' 2.25 2.46 2.47 2.52 2.48 1.91 1.93 1.97 1.94 
(9.2)' (9.9) (I 1.8) (12.0) (12.6) (12.1) (6.8) (6.9) (7.2) (7.0) 

Araucarin cunningharnii 2.51 2.50 2.68 2.80 2.85 2.78 2.17 2.20 2.24 2.20 
(13.0) (12.7) (14.8) (16.8) (17.9) (16.5) (8.8) (9.3) (9.5) (9.2) 

Eucalyplus regnans 2.80 2.61 2.98 3.43 3.43 3.28 2.13 2.10 2.08 2.10 
(20.9) (16.6) (20.4) (35.0) (32.3) (29.2) (8.5) (8.2) (8.1) (8.3) 

Eucalyptus obligua 2.85 2.76 3.20 3.24 3.39 3.28 2.37 2.36 2.28 2.34 
(20.1) (18.2) (25.5) (26.9) (31.1) (27.8) (10.8) (10.7) (9.8) (10.4) 

Means 2.58 2.53 2.83 2.98 3.05 2.15 2.15 2.14 
(15.81 (14.41 (18.1) (22.71 (23.51 (8.7) 18.81 (8.7) 

Approrimate standard ermrr of dinersnccr or means were: 

orien,a,ion Initial dsgw of saturation 

For any m i m i x  cornparim acmrr s w i e s  0.10 0.13 
For any p 1 n n s e  comnatiron withi" spcc1er 0.02 0.11 

A transformation war carried out on the data pnor to 1tati3tiral analyrir 
"Numbers in brackets are the ongmal. unlranrfomcd means IJ g ~ ' ) .  
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I*,," 

IOlC 1mm mi" ' 
., 

Onentation - - 
comprcss>nn raw (mm mi" ) i 

Tan. - - 1 - 
Sgeilel Radial gcnlial 0.4 8.0 15.11 Mean3 0.1 8.u 12.81 nlr.ln5 

Pinus radiata 336 305 242 239 226 235 413 407 396 405 
Araucarianrnningharnii 239 242 192 171 161 174 320 303 297 307 
Eucalyptus regnans 212 244 146 104 93 114 334 343 348 342 
 eucalypt^ obliqua 182 197 117 115 97 110 257 265 287 270 

Mcans 242 247 174 157 144 331 330 332 

~pproximrte 5tmdard errors or diarenccr or mcanr werr: 

oricn,a,ion l"ili"1 drpree of u,vo,,ion 

For m y  wirwisc ronlnaii,un across swcics 18.6 21.Y 
~.'sr any nrimlsr mmparison wiilvn swcicr 4.4 14.6 

l (ln~rcnse in n n  hestinp value orworn1 ddur to com~rcssion dc-wrtcnng/enrzgy innui during cnmnrrrsicm.) 

hardwoods. The trend of differences in specific gravity between species (Table 1) 
paralleled, in an inverse manner, moisture loss differences and was probably a 
major causative factor. Moisture content reductions in PR and AC were similar 
to those reported by Haygreen (1981) for 25- x 25- x 12-mm-thick blocks of 
Lohlolly pine (SG 0.40) and yellow poplar (SG 0.38) at similar initial moisture 
contents and volumetric strains. Specimen orientation had a highly significant 
influence on volumetric strain and water loss (Tables 2 and 3). The authors 
are unable to explain why thicker specimens generally had greater volumetric 
strains than thinner specimens and those compressed tangentially deformed to a 
greater extent and lost more water than those compressed radially. Indeed, ac- 
cording to the theory put forward by Bodig (1965), in which weaker earlywood 
layers account for most of the deformation in radial compression and in tangential 
compression the latewood layers act as columns supported laterally by the ear- 
lywood layers, one would expect greater strain in thinner specimens and higher 
strains and water losses in the radial rather than the tangential orientation. Dif- 
ferences due to orientation were quite small in the hardwood specimens but larger 
in the softwoods, especially PR (Table 3). However, since compression is most 
likely to be camed out in practice in the radial direction, it is doubtful whether 
advantage can be taken of the apparent benefits of tangential compression. 

Volumetric strain, moisture content, and mass reductions all decreased as 
compression rate was increased (Tables 3, 4, and 5). The decrease in water loss 
with increase in compression rate was to be expected if one assumes that the 
vessels and tracheids in the specimens approximate to long thin tubes. Mean rate 
of water loss increased with strain rate and according to the Hagen-Poiseuille 
theory of flow in long tubes pressure drop is directly proportional to mean velocity 
or (mean for laminar or turbulent flow, respectively (Kay 1968; Siau 
1984). Haygreen (1982) also noted these time-dependent effects in compression 
drying but in a different type of experiment. He compressed 25-mm cubes of 
birch (SG 0.54) and aspen (SG 0.40) as rapidly as possible to given volumetric 
strains and measured the water loss after maintaining the compression for varying 
time periods. The increase in water removal with time under compression was 
quite small in birch but much greater in the lower density species aspen. 
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In a commercial compression drying process one problem would he to balance 
the greater moisture loss per unit initial mass of wood at low deformation rates 
against the increased total water loss per unit time, that is, greater throughput 
rate of processed wood, at the higher compression rates. 

At the maximum stress used in this experiment, the hardwoods were compressed 
less than the softwoods and the actual energy input was lower (Tables 2, 3, 
and 6). However, the hardwoods lost much less water than the softwoods (Table 
4) so that the energy inputs per unit of water lost (Table 7) were generally higher 
and their energy ratio values lower (Table 8) than corresponding values for the 
softwoods. Haygreen (1982) found the same thing in comparing compression 
drying of red oak (SG 0.48) with balsam fir (SG 0.35). 

Data in Tables 7 and 8 emphasize the factors that were important in affecting 
the energy efficiency of compression drying, i.e., efficiency was highest in the 
lowest density wood, PR, with a high initial moisture content compressed slowly. 
The work of Haygreen (1 98 1, 1982), Wingate-Hill and Cunningham (1 984b) and 
data in this paper all lead to the conclusion that compression drying is likely to 
show its greatest value when applied to freshly cut softwoods with high moisture 
content intended for use as a fuel. 

CONCLUSIONS 

Compression to a constant stress, perpendicular to the grain caused moisture 
losses and moisture content changes in specimens from the four species tested. 
These changes increased with initial moisture content but decreased with wood 
specific gravity and rate of compression. Tangential compression quite consis- 
tently resulted in a greater moisture loss than radial compression, but no reason 
for the differences could be found. Volumetric strain was greater in the thicker 
specimens; otherwise specimen thickness had no significant effect in the compres- 
sion drying process. 

There were generally small differences in maximum volumetric strain and water 
loss between the two softwoods, which lost the most water, and between the two 
hardwoods hut greater differences between the two groups. 

Energy efficiency of water removal was highest in the low density specimens 
with high initial moisture content compressed slowly. Tangential compression 
resulted in greater efficiency in the hardwoods but a small or reverse effect in the 
two softwoods. 

The greatest potential value of compression drying probably lies in removing 
water from softwoods with high initial moisture content that are to be used as a 
fuel. 
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