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ABSTRACT 

To dry to 10% moisture content, 4- and 6-inch-wide lumber 1.75 inch thick required about 13.7 h 
(including 4%-h kiln warmup time) in 5-ft-wide loads at  260 F (wet-bulb temperature was 180 F) on 
1.0-inch-thick sticks with air cross-circulated at 1,000 fpm. If air velocity is increased to 1,400 fpm 
or stick thickness increased to 1.5 inches, kiln time required to reach 10% moisture content should 
be about 12.5 h (including 4%-h kiln warmup time). 

Keywords: High temperature drying, moisture content, drying rate, kiln drying, air circulation, 
flexural properties. 

During the last 15 years, procedures have been developed that drastically short- 
en time required to kiln-dry southern pine dimension lumber (Koch 1969, 1973). 
A 24-h schedule is now common in the industry. Thus, a mill's daily output can 
be charged at the end of each day and removed at the same hour the next day, 
making room for another day's production of green lumber. 

If a batch kiln could be operated on a 12-h schedule, such a kiln could be 
charged twice daily, thereby halving kiln size and significantly reducing kiln cost. 
Or, a 12-h schedule might make practical a tunnel kiln through which lumber is 
conveyed continuously-in the manner of railroad cars moving through a tunnel 
(Koch et al. 1978). 

We surmised that we could reduce kiln time from 24 to 12 h (for 1.75-inch-thick 
southern pine) if we could increase dry-bulb temperature from about 240 F to 260 
F or slightly higher, increase speed of air cross-circulation from 1,000 fpm to 
1,400 fpm, and increase kiln-stick thickness from % inch to 1 inch or 1.5 inches. 
Also, 12-h drying would require minimal kiln warmup time and kiln load 5-feet 
wide or less. 

' The authors appreciatively acknowledge the financial assistance of Moore International, Memphis, 
and the encouragement of Walker L. Wellford, Jr., and James "Ed" Smith in conducting this ex- 
periment. 
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TABLE 1. Moisture content, modulus qf rupture, and modulus of elnsticity of sorrthern pine lrrmbrr dried for 8 ,  14, nnd 20 h at 260 F (w,et-hrrlb 
temperrrtltre IVUS 180 F )  (11 f 1 1 ' 0  rrir cross-circulrrrion 1~elocitie.s nnd t,t,o stick rhicknesses. 

Moisture content Propen~es of  small specimens 

On emergence from kiln At time of  Modulus 
Time Air S t ~ c k  strength of Modulus 

~n kiln velocity thickness Green Average Maximum Minimum t e ~ t  Density rupture of elasticity 

Hours Fpm Inches . . . . . - . . . - .  Percent . - . - . - . .  Pcj' Psi 1,000 psi 

8 1 ,0o0 1 116.2 33.5 69.7 17.1 7.3 32.3 9,863 1,203 
1,00(J 1 % 90.1 21.1 36.3 11.2 9.4 33.5 9,955 1,164 
1,400 1 101.1 21.9 52.3 9.7 9.2 33.6 9,273 1,124 
1,400 1 % 109.7 24.0 47.1 12.9 7.2 32.9 10,077 1,252 

14 1,000 1 115.1 8.6 18.6 3.4 8.7 32.3 9.714 1,175 
1,000 1 % 108.1 5.7 12.4 1.6 8.3 33.1 8,992 1,138 
1,400 1 105.8 7.3 11.6 3.0 8.1 32.8 8,719 1,106 
1,400 1% 103.3 5.7 10.7 3.3 7.8 33.3 9,637 1,174 

20 1.000 1 112.8 2.4 11.5 1.7 8.6 33.1 10,707 1,287 
1 ,oo I 'ir 99.6 2.8 6.0 i.3 6. i 33. i 10,839 1,402 
1,400 1 97.6 2.4 5.2 1.4 7.7 34.5 10,363 1,329 
1,400 1 % 116.8 3.0 10.4 1.2 7.5 32.2 9,075 1,183 
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TIME I N  K I L N  (HOURS) 
FIG. 1. Changes in moisture content in 4- and 6-inch wide, 1.75-inch-thick southern pine lumber 

dried in 5-ft-wide loads at 260 F (wet-bulb temperature was 180 F) after 8, 14, and 20 h of kiln time 
(including 434 h of kiln warmup time), with air cross-circulation velocities of 1,000 and 1,400 fpm and 
stick thicknesses of 1.0 and 1.5 inches. 
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PROCEDURE 

To obtain data needed for design of a 12-h kiln, we conducted an unreplicated 
experiment during which twelve loads of 1.75-inch-thick lumber were dried, as 
follows (2 stick thicknesses x 2 air velocities x 3 drying times): 

Stlck thickness: 1.0 and 1.5 inches (all sticks were 1.5 inches wide). 
Air velocity: 1,000 and 1,400 fpm. 
Drying time: 8, 14, and 20 h (including 4% h to warm the preheated kiln from 

an initial temperature of 170 F to 260 F dry-bulb temperature). 
Freshly sawn, 8-ft-long, mill-run 2- by 4-inch and 2- by 6-inch southern pine 

lumber was surfaced SIS  to 1.75-inch thickness and temporarily stored under 
water. The lumber (447 2 x 4s and 294 2 x 6s) was randomly assigned to the 
twelve kiln loads. Each load contained four courses, each 5 feet wide. Since 
moisture content was the major property of concern and the majority of boards 
in a large kiln package are between courses of lumber, data were taken only on 
the central two courses. Both courses were comprised of 2 x 4s alternated with 
2 x 6s. 

Before boards were dried, the weight of each board for initial moisture content 
determination was obtained. After warmup, the kiln was controlled so that the 
dry-bulb temperatures on inlet and outlet sides of the load averaged 260 F;  wet- 
bulb temperature was held at 180 F. 

After the lumber was removed from the kiln, three slices each measuring 1 
inch along the grain were removed from each board at quarter points, and their 
moisture contents determined and averaged. Also, two knot-free specimens mea- 
suring 23 inches long, 1.5 inches wide, and the thickness of the board were 
removed from an edge of each board. These bending specimens were equilibrated 
to about 8% moisture content and then tested to destruction with center-point 
loading over a 21-inch span. Moisture content and specific gravity of each spec- 
imen were measured immediately after test. Because kiln loads were not repli- 
cated, statistical analysis of the data was not performed. 

RESULTS 

Wood dried 20 h was not weaker or less stiff in bending than wood dried 8 h. 
No substantial differences occurred in density, modulus of rupture, or modulus 
of elasticity (Table 1). 

If we assume a straight line relationship connecting data points, the time re- 
quired to dry lumber to a specified moisture content can be estimated (Fig. I). 
Wood dried on I-inch-thick sticks with air cross-circulated at 1,000 fpm would 
require about 13.7 h to reach 10% moisture content; that dried on thicker sticks 
or with higher air velocity should take about 12.5 h (including 4% h warmup time) 
to reach 10% moisture content. 

A kiln with 1-h warmup time or a continuous tunnel kiln with essentially no 
warmup time could probably dry lumber to about 9% moisture content in 12 h if 
kiln sticks were 1.5 inches thick, air-cross-circulation velocity 1,400 fpm, kiln 
temperatures 2601180 F, and loads not over 5 feet wide. Within kiln loads, indi- 
vidual boards might vary in moisture content from about 3 to 13% moisture 
content. 
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An experiment with replicated kiln loads is scheduled and should determine 
the effect of kiln-stick thickness and air cross-circulation velocity on time required 
.at 260 F to dry 1.75-inch-thick southern pine to WQ. moisture content, and to 
determine within-load variation in moisture content for 5-ft-wide loads. 
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