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Summary 

The Forest Products Laboratory has designed and tested a special low-
cost lumber-drying unit using a portable crop drier as the source of
heat and air circulation. The crop drier was a common, commercial
type now used by thousands of farmers.

This work was done in order to provide a means of rapid, safe drying
of farm-grown lumber for farmers and small sawmill and planing-
mill operators who cannot afford to build expensive conventional dry
kilns, and to whom custom drying facilities, also expensive, are not
always available. Thousands of farmers have portable crop driers,
used only during harvesting, that may be available for this purpose.

The unit found most efficient had a system of reversing and recirculating
the air. It consisted of the crop drier, the lumber pile, a funnel-
shaped entering-air plenum chamber, a rectangular reversing-air
plenum chamber that returned the air through the lumber pile, and a
return-air tunnel that returned the air to the drier.

!This investigation was conducted with funds provided under the Research
and Marketing Act. Original report dated June 1952.

2
—Maintained at Madison, Wis. , in cooperation with the University of

Wisconsin.
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In the first test run in this unit, soft maple, ash, and elm that had
been partially air dried to an average moisture content of 27 percent
was dried in 4 days to an average moisture content of 9 percent.

In another test run, fully green aspen was dried to an average
moisture content of 7 percent in 17 days and basswood in 14 days.
The material dried in this unit was acceptable for millwork and
other inside uses; therefore, the unit would be especially useful
for drying lumber for general construction purposes, which does
not require such precision drying.

Introduction

Much of the nation's forest resource is owned in relatively small
units on farm woodlands. These holdings are usually too small to
provide the owner with a main source of income, but they can
contribute by supplying lumber for farm use or supplementary
income. Many farmers, however, are neglecting this timber crop
because of difficulties encountered in harvesting and seasoning the
lumber. The more extensive use of portable saw-rigs that produce
lumber directly at the source has eliminated some of the harvesting
difficulties, but seasoning is still a problem to farmers and small
sawmill and planing-mill operators as well.

Lumber is seasoned by air drying, kiln drying, or a combination
of both. To air dry lumber, especially hardwoods, may require
months, and even then the lumber may not be dried to a usable
moisture content. Kiln drying, on the other hand, is much faster
and does a more thorough job, but conventional dry kilns are too
expensive to build for the relatively small amounts of lumber that
can be produced. Custom driers are riot always available, and
even when they are, the costs are often prohibitive owing to the
extra handling and hauling charges.

Thousands of farmers, however, have portable crop driers, used
only at harvesting time, that are a convenient source of heat and
air circulation for a small lumber-drying unit.

The Forest Products Laboratory has designed and tested a special low-
cost unit, using one of these portable crop driers, that is capable of
drying lumber.
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Description of Experimental Units

Crop Drier

The crop drier used in the drying unit was an all-purpose model loaned
to the Laboratory by a farm-equipment manufacturer. The specifications
for this drier are:

1. General. --The drier is mounted on rubber-tired wheels and is
equipped with a tow bar. It is approximately 12 feet long, 5-1/2
feet wide, 6-1/2 feet high, and weighs about 1,800 pounds.

2. Heat exchanger. --The heat exchanger consists of a cylindrical
steel shell and stack, mounted inside an outer steel jacket, so
that, on indirect firing, stack gases pass to the atmosphere.
If desired, an elbow stack attachment could be provided to direct
these gases into the air intake, thus making the drier direct-fired.
The inner steel shell is 42 inches and the outer jacket 54 inches in
diameter.

3. Heat. --Heat is supplied by a high-pressure oil burner mounted on
one end of the heat exchanger. The oil burner has a maximum con-
sumption of 7 gallons of oil an hour, but 2-, 4-, or 6-gallon nozzles
can be used as desired.

4. Fan. --A propeller-type fan, 44 inches in diameter, is fully enclosed
with the shaft horizontally mounted on the chassis. It is belt driven
by a general-purpose motor of 7-1/2 horsepower, operating on a
220-volt, 60-cycle circuit at a speed of 1, 750 revolutions a minute.

5. Controls. --The main power source is connected directly to a fusi-
ble magnetic starter for the fan motor, which is in series with an
independent starter controlling the oil burner. Thus, the oil burner
can operate only when the fan is running.

A limit control is mounted on the outer shell to shut off the burner if
the temperature of the air passing to the lumber becomes excessive.
A stack relay will stop the oil-burner pump in about 90 seconds, there-
by preventing an abnormal discharge of unburned oil if the ignition fails.
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Design of First Unit 

A simple funnel-shaped plenum, or air chamber, was designed and
built to conduct heated air from the drier to the lumber. This plenum
was built of a framework of 2 by 4's and 1 by 4's and covered with
airplane cloth (fig. I). The large end of the funnel was 17 feet wide
and 9 feet high, while the narrow end connected to the drier was 7 feet
wide and 8 feet high. The distance between these openings was 16 feet.

A test load of 4/4, 5/4, and 8/4 air-dried oak was fitted into the large
end of the plenum. After 16 days in the unit, during which time the
oil burner operated for 164 hours and the fan for 182 hours, it was
found that the material was inadequately dried. The 698 gallons of
fuel used, at 14 cents a gallon, cost $97. 72. The expense of operating
the fan, at 2 cents a kilowatt hour, was about $13. This includes
an operating cost of 5.4 cents an hour for the fan motor and 2.1 cents
an hour for the oil-burner motor.

The 8/4 oak was dried from a moisture content of 28.9 percent to
23. 9 percent, the 5/4 oak from 15. 3 percent to 12.8 percent, and
the 4/4 oak from 17. 5 percent to 12. 6 percent. As such values
represent an inefficient drying operation, the unit was considered
unsatisfactory for commercial use.

Design of Second Unit 

Although the results obtained with the first unit were not good, the
knowledge gained from this exploratory test was valuable in designing
the second unit (fig. 2). An important factor that had to be considered
was a means of recirculating the heated air in order to conserve fuel
and thus increase the efficiency of the drier. This was provided
for in the design of the second unit.

Construction. --A funnel-shaped plenum, or air chamber, similar
in shape to the one constructed for the first unit was built (fig. 3). The
framework was covered with boards and sealed on the outside with
roofing paper. The plenum was 19 feet wide and 9-1/2 feet high at
the large end and 7 feet square at the small end. The top and sides
tapered between the two ends, a distance of 16 feet.

A false-floor baffle, 4 feet above the ground, was installed so that it
extended 10 feet into the plenum chamber from the large end. An

Report No. 1799	 -4-



additional 5-1/2-foot section was fastened with hinges to the edge of
this floor on the side nearest to the crop-drier fan.

This hinged baffle could be either raised' or lowered from outside
the plenum chamber by a rope and pulley arrangement. With this
baffle in the "up" position, all of the air delivered from the fan was
deflected under the false floor and through the lower half of the
load. When the baffle was put in the "down" position, the air passed
over the false floor and through the upper half of the load.

An additional plenum chamber was designed and built to serve as a
reversing-air chamber. This chamber, a separate part of the frame
structure, was set with an open end against the opposite side of the
lumber pile. It was 19 feet wide, 9-1/2 feet high, and extended
7-1/2 feet back from the lumber pile to its rear wall.

This second plenum chamber provided an enclosed space that reversed
the direction of the air and returned it through the lumber pile. Thus,
if the air entered this chamber through the upper part of the lumber
pile, it would return through the lower part, and if it entered through
the lower part of the pile, it would return through the upper part.

An L-shaped tunnel was connected to one side of the entering-air
plenum chamber and to the intake-end of the crop drier. This return-
air tunnel was approximately 4 feet wide and 8 feet high. A two-
position, vertically sliding door, 3-1/2 feet wide and 4 feet high,
was constructed at the junction of the return-air tunnel and the
entering-air plenum chamber.

When this sliding door was in the "up" position (with the hinged baffle
in the "down" position), the air passage from the zone above the
false floor in the entering-air plenum chamber to the return-air
tunnel was blocked. Thus, all the air had to go directly from the
fan through the upper part of the load. As it returned back through
the load, the air was free to pass from the plenum into the return-air
tunnel and be carried back to the heater and fan.

By placing this sliding door in the "down" position, the air below the
floor was prevented from entering the return-air tunnel but was free
to enter it from the zone above the false floor. When this was done,
the hinged baffle had to be lifted upward, thus reversing the direction
of the air flow through the load.
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The entire structure was framed by 2 by 4 studs and joists spaced 24
inches on center. The framework was covered with 1 by 8 lumber
sheathing. In order to make the plenum chambers and the return-
air tunnel more airtight and weatherproof, they were completely
covered with 55-pound roofing paper that was sealed at each joint with
a mastic. Three doors were built in the structure for convenience,
one in the entering-air plenum chamber, one in the reversing-air
plenum chamber, and the third in the return-air tunnel near the
crop drier.

The crop drier was fitted into the space between the small end of the
entering-air plenum chamber and the end of the return-air tunnel.
The openings around the fan and the plenum, and also around the
intake end of the crop drier and the return-air tunnel, were closed
off with plywood.

The lumber to be dried was box-piled at the large end of the entering-
air plenum chamber. Stickers, either strips or narrow boards, were
placed between the layers of lumber so that the air could circulate
around all surfaces of the lumber. Kiln-sample slots were provided
in the load for representative lumber samples. These "kiln samples"
were conveniently located, so that the operator could easily remove
them to test their moisture content and the uniformity of drying.

The open areas between the entring-air plenum chamber and the lumber
pile and those between the reversing-air plenum chamber and the
lumber pile were sealed shut with plywood and canvas. The top and
ends of the pile were covered with sheets of plywood and sealed at
the joints with roofing paper to make the entire unit as airtight as
possible. Canvas or other cover materials could be used in place of
the plywood.

Air circulation. --The rated delivery of the crop-drier fan with the
original motor and fan pulleys was 33, 000 cubic feet of air a minute
with a water static pressure of 0. 50 inch, including the losses through
the drier. Air-velocity measurements in the first unit showed readings
from 200 to 800 feet a minute with an average velocity of 372 feet a
minute for 328 readings at various locations through the load. As a
more uniform flow of air through the load could be obtained with less
air velocities, the 6-1/2-inch pulley on the motor was replaced with
a 4-inch pulley. With this arrangement, the average velocity was
reduced from about 370 to 250 feet a minute and was more uniform
throughout the load. For all subsequent runs, therefore, the 4-inch
pulley was used.
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Heat. --Recirculating the air through this unit made it possible for
the heat exchanger to raise the temperature in the entering-air plenum
chambers and maintain it at set conditions. For example, when out-
door temperatures were 30' F., temperatures of 170' F. were main-
tained in the entering-air plenum chamber without continuous operation
of the oil burner.

If the structure had been insulated, possibly higher temperatures could
have been maintained with lower operating costs.

A recorder was installed in the unit with sensitive bulbs located both
above and below the false floor to record entering- and leaving-air
temperatures, irrespective of the direction of air circulation through
the load. Another recorder bulb was installed in the reversing-air
plenum chamber to record wet-bulb temperatures.

Results of Trial Runs

Run 1

Material. --A mixed charge (kiln load) of locally grown, 4/4 lumber
that had been partially air seasoned to an average moisture content
of roughly 27 percent was dried during the first test run in the second
unit. This mixed charge was made up of soft maple, ash, and elm.

No separation of the respective species was made either before or
during piling. A box pile, 16 feet long, 8 feet wide, and 8-1/2 feet
high was built with eight recessed areas on each side for the kiln
samples. Since the charge of 6, 000 board feet was made up of
approximately 3,000 board feet of maple, 2, 000 board feet of elm,
and 1, 000 board feet of ash, the 16 kiln samples included eight maple,
six elm, and two ash samples.

At the end of the drying period, a moisture meter was used to test
the moisture content of every board across a number of courses of
lumber. These tests were made in order to determine whether all
the boards had been uniformly dried. As the uniformity within
species was good, it can be concluded that drying conditions were
sufficiently uniform throughout the charge.
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No attempt was made to relieve the case-hardening stresses in the
stock either during or at the end of the run.

Figure 4 shows the temperatures on the entering-air side of the charge,
the outdoor temperatures, and the average moisture content values of
the three species throughout the run.

Air circulation. --Tests of the air circulation showed better uniformity
in this unit than in the first unit. Table 1 shows the air velocities
over the courses of lumber in the different zones and in the different
directions of air circulation.

The zone directly opposite the false floor, including approximately
four courses of lumber, had relatively little air circulation irrespective
of the direction of flow. The final moisture content analysis of the
material in this zone, however, showed that despite the low rate of
circulation the stock was no wetter than stock in other parts of the
load. Possibly, this was due to some turbulence in the air flow within
this area not shown by the instruments.

Heat. --Recirculation of the air in this unit increased the effectiveness
of the heating system many times. During this run, differences
between outdoor and entering-air temperatures varied from about 30° F.
to 90° F.< An entering-air, dry-bulb temperature of 150° F. was easily
maintained during the latter part of the run with a nozzle rated at 4
gallons an hour on the oil burner.

Operation costs. --The oil burner, operating only 75 hours of the total
drying time of 99 hours, consumed approximately 300 gallons of No. 1
distillate fuel oil. At 14 cents a gallon, the total cost for fuel was $42.

At 2 cents a kilowatt hour, it cost $5.35 to operate the fan motor, which
ran the full 99 hours, and $1. 58 to run the oil burner for 75 hours. These
figures are based on actual meter readings of 2. 70 kilowatts an hour
for the fan motor and 1.05 kilowatts an hour for the oil-burner motor.
The meter readings showed that the fan motor was operating below
capacity because of the relatively low speed of the fan with the particular
pulley combination used.

Considering only these expenditures, the total cost of drying the 6, 000
board feet of material was $48. 93, or $8. 16 for each 1, 000 board feet.
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Run 2

A charge of green basswood and aspen was dried in order to determine
the ability of the oil burner to deliver enough heat to take care of losses
through the walls and roof of the structure and still maintain a desired
drying temperature in the entering-air chamber.

Material. --To make certain that green material would be available for
this test, arrangements were made to have the stock piled, ready for
drying, within 3 days after the trees were felled. The charge was made
up of approximately 3,000 board feet of locally grown 4/4 basswood and
about the same amount of 4/4 aspen. This material was box-piled into
a load 12 feet long, 8 feet wide, and 9-1/2 feet high.

The two species were kept separate during the piling procedure, the
basswood on the bottom and the aspen on the top. Eight kiln samples
of each species were used to follow the current moisture content
changes of the material. Four of each were located in recessed kiln-
sample areas on each side of the load.

Aspen tends to have zones containing abnormal wood that is exceedingly
difficult to dry without the development of defects, such as checking
and, particularly, collapse. These defects can be minimized if the
drying temperatures are kept low. Because of these abnormal zones
in aspen, the drying time for this charge was longer than it would have
been if basswood had been the only species dried. Since an average
moisture content value of 7 percent was the goal in this run, the drying
time could be given as 408 hours for the aspen and 336 hours for the
basswood. These drying times include 58 hours during which the oil
burner was not in operation owing to an oil shortage.

Figure 5 gives a graphic picture of the entering-air temperatures in the
drier, the outdoor temperatures, and the average moisture content values
of the two species.

Case-hardening stresses were not relieved during the drying of this charge.

Air circulation. --The air-circulation pattern found during this run
verified that found during run 1.

Heat. --The drying schedule was varied experimentally in order to
obtain information on the operating peculiarities of the unit. In the early
stages of drying, the maintained dry-bulb temperatures were low, which
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helped to minimize collapse in the aspen. The only means of main-
taining high relative humidities available at this time was the transfer
of water from the lumber to the air. Even with a large amount of
water being evaporated, it was found that the structure was not vapor-
tight enough to maintain high relative humidities, particularly when
kiln temperatures greatly exceeded the outdoor temperatures. Table
2 shows a partial record of the entering-air dry-bulb and wet-bulb
temperatures, corresponding relative humidity and equilibrium mois-
ture content values, outdoor temperatures, crop-drier thermostat
settings, and average moisture content values of both species during
the test run.

The wet-bulb temperatures remained fairly uniform throughout the
run, but the relative humidities and equilibrium moisture content
values varied as the dry-bulb temperatures changed. These changes
were due partly to the experimental control of the entering-air, dry-
bulb temperatures.

When the oil burner ran out of oil in the early stages of the run, the
air temperature decreased faster than the moisture vapor escaped from
the unit, thereby causing the equilibrium moisture content condition
of the atmosphere to rise to a high of 15. 6 percent.

Table 2 shows the differences between the temperatures maintained in
the drier and the outdoor temperatures. The greatest difference
between these conditions was 140° F. as shown on the -table and on
figure 5. At one time, a temperature of 142° F. was maintained in
the unit when outside temperatures were as low as 4° F. During this
period, the oil burner was not operating 100 percent of the time, which
indicates that higher temperatures could have been maintained.

Operation costs. --Table 3 shows the estimated costs to dry the lumber
in run 2. In determining these expenditures, electricity was rated at
2 cents a kilowatt hour and No. 1 fuel oil at 14 cents a gallon. The
drying times for the two species were taken from the drying-curve
graph (fig. 5). These times include a period of 58 hours during which
only the fan was in operation. Using these values, the operating costs
seem high; however, when one considers that this was an experimental
run on green material, they are not too excessive. The average cost
per 1,000 board feet that one might expect in a commercial operation
would be less.
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Run 3

The first two runs indicated that this type of drying unit could be used
successfully to kiln dry almost any air-dried lumber as well as many
species green from the saw. Run 3 was made to determine if, by
inexpensive means, high relative humidities could be maintained during
the run to take care of green species of a refractory nature and, at the
end of the run, to condition the stock for relief of case-hardening
stresses.

Material. --A charge of 6,000 board feet of locally grown, air-dried,
4/4 red oak was obtained for this test. Green oak would have been
somewhat more suitable, but excessive checking would have occurred
if the humidification methods proved to be inadequate. The material
was box-piled in the unit in a pile 16 feet long, 8 feet wide, and 9-1/2
feet high. Four samples were placed in recessed areas on each side
of the load, two above the false-floor level and two below. The current
drying conditions and moisture content values of these samples are
given graphically in figure 6.

Humidity. --To obtain higher wet-bulb temperatures, four water-spray
nozzles were installed in the heat exchanger air duct, two above
the furnace and two below. These nozzles were set so that a fine
mist would contact the heat exchanger and be vaporized. Each nozzle
was capable of delivering approximately one-half gallon of water per
minute under 50 pounds pressure. The operation of these spray lines
was such that they would only be delivering when the oil burner was
running.

The air flow through the heat exchanger was so rapid, however, that
many of the fine particles of water were carried out of the hot zone be-
fore they could be vaporized. These fine particles were deposited on
the cool outer shell of the heat exchanger where they condense and
ran off, leaving only a small quantity of the water delivered to be
vaporized and added to the air in the drier. Despite its faults,
however, the humidifying system did raise the wet-bulb temperatures
approximately 10° F. over normal conditions in the unit. Under low
kiln timperatures of about 90° to 100°	 , the humidifying system
should be suitable for a charge of green oak, which would furnish
more moisture than did the air-dried stock in this run. A further
refinement, by insulating the outer shell of the heat exchanger, would
tend to increase vaporization. A partial record of the conditions main-
tained in the unit during this run is given in table 4.
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Another objective of run 3 was to determine whether the case-hardening
stresses developed during drying could be relieved. The customary
practice of raising the relative humidity at the end of the run and giving
the lumber a conditioning treatment was ineffective In this unit, because
the water could not be vaporized in sufficient quantities to raise the
relative humidity to a desired level. Spraying each course of the load
with water and then drying the lumber at a low temperature proved
fairly successful. This treatment relieved the severe case-hardening
stresses in six of the eight samples. Of the two samples that still
showed signs of stress, one was termed severe, and the other slight.
Approximately 12 spot-check case-hardening tests were made after
a week of bulk-pile storage, and it was found that these pieces were
free of stress.

Operation costs. --No cost records were kept during this run.

Conclusions

The data presented in this report substantiated the belief that a portable
crop drier could be successfully used as the source of heat and air
circulation in small, specially designed, low-cost drying units to dry
most lumber items, particularly those for general construction purposes.
The following conclusions are based on data obtained from test runs of
such specially designed drying units.

First Unit

1. In the first unit, the drying temperatures were only slightly higher
than outdoor conditions and the costs of operation were very high when
computed on the basis of the number of pounds of water evaporated.

2. Since, at any particular time, the drying conditions in such a
unit would be governed by the outdoor temperature and relative humidity,
any material dried would have to have a low initial moisture content or
else be of a species that could withstand low initial relative humidity
conditions without developing drying defects.
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Second Unit

1. The second unit proved more satisfactory in that dry-bulb and wet-
bulb temperatures could be maintained at desired levels. By recirculating
the air, both heat and moisture were conserved. Outdoor conditions did
not alter the control of the dry-bulb temperatures to any great degree.

2. The relative humidity conditions in the second unit were more stable
because a certain percentage of the moisture evaporated from the lumber
remained in the recirculated air. The only loss was through leakage
in the structure, which could be decreased by tighter construction
practices. The water-spray system, though not completely successful,
aided materially in raising the relative humidity. Case-hardening stresses
at the end of the run can be relieved by using a sufficient number of very
fine water sprays, by actually spraying or dipping the lumber, or by a
combination of both methods. Experience gained through more continuous
operation may well serve to establish the proper method.

3. The material dried in the second unit had a moisture content value
that was entirely acceptable for cabinets and other interior woodwork.
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Table 1.--Air velocities over the courses of lumber in run 1

•

	Course:	 Air velocity in vertical zone number 	 Remarks
	Number: 	

▪ 1	 2	 3	 4	 5	 6

:'.per min.:Ft.per min.:Ft. per min.:Ft.per mln.:Ft.per min.:Ft. per nun.:

Av.	 248.5 :	 264.5 :	 202.6 :	 208.5 :	 215.5

Under :

	

load :	 225	 225	 200

	

1-2 :	 200	 •.	 200	 :	 180
	2 -3 :	 200	 •.	 275	 :	 150
	3-4 :	 250	 :	 275	 225

	

4-5 :	 250	 275	 225

	

5-6 :	 275	 300	 225

	

6-7 :	 250	 275	 •.	 250

	

7-8 :	 275	 300	 •.	 250

	

8-9 :	 300	 :	 300	 250

	

9-10 •	 	 275

	

10-11 • 	 	 300

	

11-12 :	 250	 :	 275	 :	 225

	

12-13 :	 275	 :	 275	 :	 200
	13-14 :	 225	 250	 225

	

14-15 :	 300	 300	 225

	

15 -16 '.	 	 275

	

16-17 •	 	 225

	

17-18 :	 250	 300	 :	 200

	

18-19 :	 275	 250	 200

	

19-20 :	 225	 225	 140

	

20-21 :	 200	 180	 75

300	 200
200	 200
275	 225

• 225	 •.	 .	 275
• 250250	 •.	 .
• 250	 •.	 .	 275
• 275250	 •.	 .
• 180•	 250	 •.

225	 •▪ 275
	 •	 250

225
• 200	 •

	

.	 225
• 200	 •

	

.	 225
• 200▪ 	 200	 •.
• 160	 •. . 225

200
200

150	 180
160	 160
150	 180
100	 100

•
•

•
•

200	 •
200	 •
250	 •
275
325
325
275	 : Air circulation entering
250	 through the bottom
275	 section of the load

225
250
225
225

160
150	 •
100	 •
75	 •

222.6 :
t

••
••
•
•

•
•

	21-22 : 	100
	22-23 : 	 150

	

23-24 :	 100

	

24-25 :	 75

50	 •.	 100	 25
0	 •.	 25	 25

75	 •.	 25	 :	 50
140	 •.	 100	 :	 100

75	 50
O 0

25	 0
O 0

Zone directly opposite the
false floor

Air circulation entering
through the top
section of the load

25-26 	 	 200 	 • 	 140
26-27 	 	 250	 200
27-28 :	 200	 250	 200	 275	 250
28-29 :	 200	 250	 250	 •

	

.	 250	 250
29-30 :	 250	 :	 275	 250	 •. 300	 275
30-31 :	 250	 275	 250	 :	 300	 275
31-32 :	 300	 •

	

.	 250	 275	 •

	

.	 275	 275
32-33 :	 250	 •. 300	 300	 •

	

.	 275	 275
33-34 :	 300	 •. 350	 275	 •

	

.	 275	 250
34-35 :	 300	 •. 300	 300	 •

	

.	 275	 275
35-36 :	 300	 :	 300	 300	 •. 300	 275
36-37 	 •	 300	 250
37-38 	 •	 275	 250
38-39 :	 300	 •. 300	 275	

.	
250	 :	 250

39-40 :	 300	 •. 325	 275	 275	 300
40-41 :	 325	 •. 300	 250	 250	 :	 250
41-42 :	 180	 •. 325	 300	 300	 300
42-43 :	 350	 •. 300	 325	 350	 250
43-44 :	 300	 :	 300	 250	 250	 250
44-45 :	 250	 200	 250

Av. :	 272.2 :	 281.3 :	 271.7 :	 280.0 :	 254.5

225	 •
250	 •
225	 •
275	 •▪
275	 •
275	 •
250	 •

253.1 :

200
250	 •
250	 •
250	 •
275	 •
250	 •
275	 •
275	 •
250	 •

Note: Zones were numbered from left to right facing the leaving-air side of load.
Zones were approximately 30 inches wide.
Air velocities taken with the 4-inch motor pulley in use.
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Table 3.--Estimated costs to dry lumber in run 2 

Item	 : Basswood
	

Aspen

Time required to dry stock to 7 percent : 336 hours
moisture content

Cost of full-time fan operation at 5.4 : $18.14
cents an hour	 •

Approximate number of gallons of oil
consumed

Cost of oil at 14 cents a gallon

Approximate number of hours the burner
was in operation

Cost of burner operation at 2.1 cents
an hour

Total cost

Approximate cost to dry 1,000 board
feet assuming charge held 6,000
board feet

408 hours

$22.03

1,150 gallons

$161.00

288 hours

$6.05

$189.08

$31.50

900 gallons :

: $126.00

:	 225 hours

:	 $4.73

: $148.87

:	 $25.00
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Table 4.--Partial record of conditions in. Run 3 

•

	Date :	 Hour	 :Entering-:Wet-bulb:Outside :Entering-:Entering- :Thermostat: 	 Remarks

	

air :tempera-:dry-bulb: air : air 	 • settings,:
:dry-bulb : ture :tempera-:relative :equilibrium: dry-bulb :

	

:tempera- :	 : ture :humidity : moisture : 	 :
: ture	 :	 : content	 :	 :

	

1222 :	 °F.	 °F. :	 °F. :Percent :Percent	 °F.	 •.
•

•

	

.	 •

	

.	 :	 •.	 •

	May 23 : 10:00 a.m. :	 80	 :	 71 :	 74	 64	 : 11.5	 :	 125	 :▪ Started run

	

: 2:00 p.m. :	 120	 :	 82 :	 78	 19	 :	 3.7	 :	 125	 : Spray off

	

24 : 8:00 a.m. :	 126	 :	 90 :	 73	 :	 27	 : 4.8	 : 125	 : All turned off

	

: 9:00 a.m. :	 86	 :	 75 :	 76	 59	 : 10.5

	

10:00 a.m. :	 106	 :	 77 :	 78	 :	 26	 :	 4.8	
:	 off

	

; 125	 : All turned off

	

: 10:00 p.m. :	 119	 :	 90 :	 64	 33	 :	 5.6	 :	 120	 • 
	25 : 12:00 m.	 : u6 :	 90 : 63	 36	 : 6.2	 off	 : All turned off

	

3:00 p.m. :	 100	 :	 81 :	 63	 44	 •. 7.8	 115	 1 All turned on

	

26 • 8:00 a.m. :	 115 ▪ 	86 :	 50	 31	 :	 5.4	 115

	

9:00 a.m. :	 112	 •

	

.	 86 :	 52	 34	 :	 6.0	 off	 : Out of oil

	

: 12:00 m.	 .	 110	 :	 82 :	 61	 :	 30	 :	 5.4	 115	 : All turned on

	

: 7:00 p.m. :	 115	 .	 87 :	 63	 32	 :	 5.6	 off	 : All turned off

	

10:00 p.m. :	 92	 :	 77 :	 50	 50	 •.	 8.9	 off

	

29 : 9:00 a.m. :	 67	 :	 61 :	 65	 71	 : 13.5	 100	 : All turned on

	

: 10:00 p.m. :	 102	 :	 82 :	 64	 42	 .	 7.4	 100

	

30 : 8:00 a.m. :	 99	 :	 82 :	 58	 49	 •.	 8.5	 •.	 100	 : Spray off

	

31 : 8:00 a.m. :	 122	 .	 76 :	 61:	 120:	 9	 :	 2.0

	

: 4:00 p.m. :	 143	 :	 83 :	 71	 10	 :	 2.0	 •.	 140

	

.	 •

	June 1 : 12:00 m.	 •

	

.	 149	 .	 84 •	 	 10	 2.0	 150	 : Spray on

	

1:00 p.m. :	 150	 •. 92 	 	 10	 :	 2.0	 150	 : Spray off

	

2 : 1:00 p.m. :	 148	 :	 91 	 	 10	 2.0	 150

	

3 : 1:00 p.m. :	 150	 :	 86 	 	 10	 2.0	 150
	4 : 12:01 a.m. :	 150	 :	 85 	 	 10	 :	 2.0	 150	 : Heat off -- fan on

	

: 10:00 a.m. :	 8058 	 	 23	 5.0	 off	 : Fan off

	

5 : 8:00 a.m. :	 80	 •

	

.	 60 	 •	 29	 : 5.8	 150	 : Started

	

: 9:00 a.m. :	 146	 :	 77 	 •	 10	 2.0	 150

	

6 : 9:00 a.m. :	 150	 :	 92 	 •	 10	 2.0	 150

	

7 : 8:00 a.m. :	 150	 :	 92 	 	 •	 10	 2.0	 150

	

: 9:00 a.m. :	 150	 :	 100 	 	 18	 :	 2.9	 150	 : Sprays on

	

: 3:00 p.m. :	 150	 :	 102 	 •	 20	 3.2	 135

	

8 : 2:00 p.m. :	 126	 :	 95 	 •	 32	 •	 5.4	 115
	9 : 6:00 a.m. :	 110	 :	 92 •	 •	 50	 •	 8.4	 110

	

10 : 11:00 a.m. :	 109	 •

	

.	 84 - 	 •	 36	 •

	

. 6.3	 off	 : All turned off
	12 : 9:00 a.m. :	 82	 •

	

.	 67 •	  • 45	 :	 8.3	 off	 • Sprayed with hose

	

: 10:00 a.m  •	 •	 • 	 110	 : Heat-fan on

	

: 5:00 p.m. :	 109	 86 •	  •	 38	 -	 6.8	 •	 110

	

: 10:00 p.m. :	 104	 :	 85 •	 •	 46	 •	 7.9	 •	 110	 •	

	

13 : 1:00 a.m. :	 100	 :	 81 	 	 •	 44	 :	 7.8	 •. off	 : Power failure

	

: 4:00 a.m. :	 75	 :	 73 •	 	 91	 : 20.5	 off	 : All off

	

: 7:00 a.m. :	 72	 :	 69 •	 	 86	 : 18.3	 off	 : Run ended
. :	 .
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY

The following are obtainable free on request from the Director, Forest Products
Laboratory, Madison 5, Wisconsin:

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued.Products
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood.

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

Partial list of publications
for Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications
for Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in subject
no single list is issued. Instead a list is made up for each Laboratory
division. Twice . a year, December 31 and June 30, a list is made up
showing new reports for the previous six months. This is the only item
sent regularly to the Laboratory's mailing list. Anyone who has asked
for and received the proper subject lists and who has had his name placed
on the mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all other sub-
ject lists.
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