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INTRODUCTION

The modern dry kiln is a unique prodnct of
research and development. It represents the
only practical means now in wide use for rapid,
high-volume seasoning of lumber to conditions
essential for maximum serviceability in housing,
farm structures, furniture, vehicles, ships and
boats, sporting goods, and many other wood prod-
ucts. In its development, Forest Service research
begun more than half a century ago has been
a major factor.

A well-designed dry kiln, properly operated,
can in a few days or weeks transform green
lumber fresh from the forest into a dry, stable
material essential for successful industrial en-
terprises in today’s highly competitive markets.
The more critical the seasoning requirements,
the more firmly the dry kiln becomes established
as an integral part of the lumber mill, the mill-
work plant, the furniture factory. For many
wood products, kiln-dried lumber is indispen-
sable.

Well-seasoned lumber has many advantages for
producers and users alike. Removal of excess
moisture reduces weight and, thereby, shipping
and handling costs. Proper seasoning confines
shrinking and swelling to inconsequential
amounts under all but extreme conditions of use.
Properly seasoned wood can be cut to precise
dimensions and machined more easily and effi-
ciently; wood parts are more readily and se-
curely fitted and fastened together with nails,
screws, bolts, and adhesives; warping, splitting,
checking, and other harmful effects of uncon-
trolled drying are largely eliminated; paint,
varnish, and other finishes are more effectively
applied and maintained; and decay hazards are
eliminated 1f the wood is subsequently treated
or protected from excessive moisture regain.

Efficient kiln-drying of lumber is therefore
of key importance in the utilization of our for-
est resources. On the one hand, it helps to as-
sure continued markets for wood products by in-
creasing their service life and contributing to
consumer satisfaction. On the other, it in effect
helps.to conserve supplies of wood, and thereby
our timber resources, by extending service life
and usefulness of the product. Both are essen-
tial in attaining wise use of timber, which has
long been an accepted tenet of United States
forest conservation policy.

Because adequate supplies of well-seasoned
lumber are essential alike to producers and con-
sumers of wood products, research in the drying
of wood has been conducted by the Forest Prod-
ucts Laboratory ever since 1t was founded 1n
1910. This program includes both fundamental
research on the physical processes by which wood
gives off and takes on moisture and applied re-
search on means of accelerating and controlling
these processes.

The fruits of much of the Laboratory’s research
have been directly applied in the design, con-
struction, and operation of dry kilns. United
States patents obtained by the Laboratory are
available for public use. Industry uses basic dry-
ing schedules that have been developed for many
of the commercially important wood species.
Demonstrations conducted from time to time by
Laboratory personnel attract hundreds of kiln
operators. The purpose of these demonstrations
1s to show how research findings can be put to
use to achieve fast, high-quality kiln-drying of
lumber.

This manual presents knowledge of kiln-dry-
ing principles that will be of most direct use-
fulness to owmners and operators of dry kilns.
Unless stated otherwise, the techniques described
can be applied in the drying of lumber, dimen-
sion stock, cooperage stock, and many special
items such as gunstock. bowling pin, and shoe-
last blanks. This manual 1s also intended as a
text on the theory and practice of kiln-drying,
and it should prove of value to students of wood
technology, dry kiln manufacturers, and pro-
ducers of wood products in general.

The full benefits of modern dry kilns can be
gained only when certain prerequisites are ob-
served. Mill management must recognize the
importance of eflicient operation to quality of
product, and operators must be well trained and
encouraged to apply the best techniques. Quality
should not be sacrificed for quantity in the pro-
duction of kiln-dried stock best suited for the
products being made. Also, adequate attention
must be paid to proper maintenance of kilns and
auxillary equipment.

Insofar as possible, the use of proprietary terms
has been avoided in this manual. Where neces-
sary to describe a given type of equipment or

1
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procedure, however, such use was authorized by
the owner of the proprietary interest. The use
of these proprietary terms, or the illustration of
proprietary produects, does not constitute an en-
dorsement by the Forest Products Laboratory
or the U.S. Department of Agriculture.

Certain dry kilns and equipment described
and 1llustrated herein may have features pro-
tected under the patent laws of the United States.
The use of such descriptions and illustrations by
the Laboratory cannot be construed as giving or

implying any protection to others from legal ac-
tion for infringement of patent rights.

Terms used in this manual to describe dry kilns
and their component parts, drying characteris-
tics of wood, and kiln operational procedures are
generally accepted and used throughout the in-
dustry. There are, however, some exceptions.
For the purpose of clarification, and to help an
inexperienced kiln operator to become familiar
with terms used in kiln drying, a glossary of
terms 1is included (p. 177).



CHAPTER 1. PROPERTIES OF WOOD
RELATED TO DRYING

Considerably more than 100 commercially im-
portant species of trees grow 1n the United States.
The wood they produce varies greatly in its dry-
ing characteristics. Since there are also many
variations in other characteristics of the wood
of these species, it is necessary for the kiln
operator to have a sound working knowledge of
these characteristics to do an effective job of
kiln-drying. This chapter is concerned with
such variability. '

The most commonly used commercial names
for lumber and the corresponding species names
accepted by the Forest Service (4)* for the trees

1Ttalic numbers in parentheses refer to Literature
Cited, p. 21.

from which it is cut are given in the following
list. The list was adapted from the Standard
Nomenclature of Domestic Hardwoods and Soft-
woods adopted in 1952 by the American Soclety
for Testing Materials. ~ While the commonly
used lumber names are generally satisfactory for
the buying and selling of lumber, they sometimes
cover lumber from a number of species that differ
in their moisture content when green, their
shrinkage, or their seasoning characteristics.
Therefore, in the tables and indexes of drying
schedules given elsewhere in this manual, the
woods are arranged alphabetically by the com-
mon species names accepted by the Forest Serv-
ice.

HARDWOODS

Commercial name for lumber
Alder:

Red alder__ __ .- red alder_ ______._
Apple - apple. . ____.__..
Ash:

Black ash ' - black ash__.______

Oregonash._______________________ Oregon ash______

Pumpkin ash____________________. pumpkin ash_____

blue ash___.______

White ash_ __ _____________________ green ash________

white ash________
ASPen®. bigtooth aspen___
%uaklpg astl))en_ oo
0 merican basswoo
Basswood ®_ {White basswood_ _
Beech - beech___________
gray birch_______
paper birch______
Bireh ¢ ______ o _____ river birch_______
sweet birch______
yellow birech_ ____
Boxelder________________________._.. boxelder_________
. Ohio buckeye____
Buekeye. - - - oo {ye]low buckeye___
Butternut. .. _________ . ______ butternut________
Cherry__________ _________________ black cherry_____
Chestnut___ __ . _____ American chestnut
balsam poplar____
black cottonwood
Cottonwood _ _ _ __ ___________________ eastern cottonwood
plains cottonwood
swamp cottonwood
Cueumber. __ ________ o _______ cucumbertree _ ___
Dogwood. {ﬁowering dogwood

Pacific dogwood

Common tree name

Botanical name

Alnus rubra
Malus spp.

Frazinus nigra
F. latifolia
F. profunda
F. quadrangulata
F. pennsylvanica
F. americana
Populus grandidentata
P. tremwdoides
Tilia americana
T. heterophylla
Fagus grandifolia
Betula populifolia
B. papyrifera

. nigra
B. lenta
B. alleghaniensis
Acer negundo
Aesculus glabra
A. octandra
Juglans cinerea
Prunus serotina
Castanea dentala
Populus balsamifera
P. trichocarpa
P. deltoides
P. sargentii
P. heterophylla
Magnolia acuminala
Cornus florida
C. nuttalliz

1 Black ash is known commercially in some consuming centers as brown ash, and is also sometimes designated as such in specifications.

2 Aspen lumber is sometimes designated as popple.

3 For some commercial uses where a white appearance is a requirement, the sapwood of American basswood (Tilia americana) is speci
la ] f 2 € D 2 g cified under the desig-
uati?n“whiQe basswood. Thls‘ cognmermal-uge designation should not be confused with the species (T heterophylle) having the COI)’anII)I name white hn:swos'\g.
3 Thg principal lumber species is yellow birch. It may be designated either sap birch (all sapwood) or red hirch (all heartwood) or it may be unselected.
weet birch is sold without distinction from yellow birch. Paper bhirch is a softer wood used principally for turnings and novelties and is widely known as

white birch. The remaining birches are of minor commercial importance.

3
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Commercial name for lumber

Elder, see Box elder
Elm:

HARDWOODS—Continued

Common tree name

188, U.S. DEPT. OF AGRICULTURE

Botanical name

cedarelm____________________ ...

rockelm_ __ __ . ___________-

Rockelm._ oo September elm ____ . _____ . ___-__

winged elm_________________ .-

Soft elm § {American elm_____ .

"""""""""""" slippery elm_ _ _______________.--

Gum®_ _____ . sweetgum _ _______________________.

Hackberry ________ hackberry - oo

""""""""" sugarberry._ oo

mockernut hickory _ _ _ - . ___--._

pignut hickory . __ .. _-_--

Hickory 7 _ oo sand hickory_ o ooooooo_.

shagbark hickory - _____.___ .

shellbark hickory_______ . ______--__

Holly ________ . American holly_________________.-__

Ironwood____ ... ezi,stern hophornbeam _______________

black locust- - oo _a-

Locust - - oo {honeylocust ________________________

Madrone__ ______ .. Pacific madrone_ oo oo ___

: southern magnolia__._______________

Magnolia__ oo {sweetbay--______________________‘__
Maple:

Hard maple &_ _ ___________________

Oregon maple_____________________

Soft maple 8_ ___ __________________ {
Mulberry

black maple. . ________________-...
sugarmaple_ _____________________.
bigleaf maple__ ____________________
red maple_ _ . _________________.____
silvermaple__ _ . ____________-.__
red mulberry_____ . _________________

Myrtle, see Oregon myrtle

Oak:

White oak___ o _a____

black oak. o
blackjack oak___ ___________________
California black oak . _______________
cherrybark oak_____________________
laureloak _ _ . ...
northern pinoak._ __________________
northernred oak_ _________________._
Nuttall oak._ . _____
pinoak__ ________ L ..
scarlet oak . _______________________
Shumardoak . ____________________
southern red oak _ . ___ ... _________
turkey oak _ _ - _____________________
willow oak o _.___
Arizona whiteoak__________________
blue oak_ o ____
buroak._ ________ _______________
California white oak ________________
chestnut oak____ . __________________
chinkapin oak______________________
Emoryoak________________________
Gambel oak_ ___________ ___________
Mexican blueoak_ . ________________
liveoak L _______
Oregon whiteoak___________________
overcup oak
postoak __________________________
swamp chestnut oak
swamp white oak
white oak

Ulmus crasstfolia

U. thomasiv

U. serotina

U. alata

U. americana

U. rubra
Liquidambar styraciflua
Celtis occidentalrs

C. laevigata

Carya tomentosa

C. glabra

C. pallida

C. ovata

C. laciniosa

Ilex opaca

Ostrya virginiana
Robinia pseudoacacia
Gleditsia triacanthos
Arbutus menziesit
Magnolia grandifiora
M. virginiana

Acer nigrum

A. saccharum

A. macrophyllum
A. rubrum

A. saccharinum
Morus rubra

Quercus velutina

Q. marilandica

Q. kelloggit

Q. falcata var. pagodaefolia
. laurifolia

Q. ellipsoidalis

Q. rubra

Q. nuitalliz

Q. palustris

Q. coccinea

Q. shumardii

Q. falcata

Q. laevis

Q. phellos

Q. arizonica

Q. douglasic

Q. macrocarpa

Q. lobata

Q. prinus

Q. muehlenbergit

Q. emoryi

Q. gambelit

Q). oblongifolia
Q. virginiana
Q. garryana
Q. lyrata

Q. stellaia

Q. michauxit
Q. bicolor

Q. alba

Oregon myrtle_ - _______________

Umbellularia californica

Osageorange__ .____________________ Maclura pomifera

5 Soft elm lumber is sometimes designated as white elm. A special type of slowly grown material is sometimes designated commercially as gray elm. Slip-
pery elm is called red elm is some localities, although that term is also used for two other elms. en r vaseray

8 Us%a;dy designated either as red gum or as sap gum, as the case may be, or as gum or sweetgum whien not selected for color.
footnote 9.

T The impossibility of distinguishing between bickory and pecan lumber for accurate species identification is recognized. Three of the four major Carya
species in the pecan group (which see) have the word ‘‘hickory’” in their name.

¢ When bard maple or solt maple is specified to be white, the specification generally is interpreted as being a requirement for sapwood, although it sometimes
may take on the special meaning of being all sapwood with a minimum of natural color.

(For black gum, se¢ tupelo,



Commercial name for lumber

Persimmon_ ________________________
Poplar____________________
Sassafras_ - - oo ___
Silverbell ___ __ . _______
Syeamore_ - - ____ . ____
Tanoak _ . _ __ . _________

Cedar:

Cypress'0_ _________________________
Fir:
Balsam fir

Douglas fir 12
Noble fir

Juniper:

Western juniper

Larch:
Western larch
ine:
Jack pine

nizelehe Impossibility of distinguishing between black tupelo (blackgum)

Y Cypress includes types designated as red cypress, white cypress,

other types.

DRY KILN OPERATOR'S MANUAL

HARDWOODS~—Continued
Common tree name

bitternut hickory_._________________
nutmeg hickory ____________________
water hickory____ __________________

common persimmon._ _ _ _____________
yellow-poplar_ _____________________
sassafras_ _ _ _______________.________

tanoak ___ _________________________
black tupelo_ . _____________________
Ogeechee tupelo__ . _________________
swamp tupelo______________________
water tupelo__ _____________________
black walnut_______________________
black willow _______________________

western redeedar - __________________
northern white-cedar________________
Atlantic white-cedar_ _______________
{baldcypress ________________________
pondeypress. - - __________________

subalpine fir_______________________
white fir_._________________________

alligator juniper____________________
Rocky Mountain juniper
Utah juniper

jack pine__________________________
lodgepole pine
red pine

western white pine

eastern white pine
{longleaf pine

slash pine

]'; B%lsam fir luraber is sometimes designated either as eastern fir or as balsam.

uglas fir may be specified either as Coast Region Douglas fir or as Inland Region Do

) S ugl

othelrswme indicated _through_ the grade specifications, either or both types will be allowedg . ST

i € commercial requirements for longleaf yellow pine lumber are that not only must it be
. palustris, but each plece in addition must average either on one end or the other not less th

Botanical name

Carya cordiformis

C. myristicaeformis

C. aquatica

C. illinoensis
Diospyros virginiana
Liriodendron tulipifera
Sassafras albidum
Halesia carolina
Platanus occidentalis
Lithocarpus densiflorus
Nyssa sylvatica

N. ogeche

N. silvatica var. biflora
N. aquatica

Juglans nigra

Saliz nigra

S. amygdaloides

Chamaecyparis nootkatensis
Libocedrus decurrens
Chamaecyparis lawsoniana
Juniperus virginiana

J. silicicola

Thuja plicata

T. occidentalis
Chamaecyparis thyoides
Tazodium distichum

T. distichum var. nutans

Abies balsamea

A. fraseri

Pseudotsuga menziessis
P. menziesii var. glauca
bies procera

. magnifica

. grandis

. procera

. amabilis

. lasiocarpa

. concolor

Tsuga caroliniana
T. canadensis

T. mertensiana
T. heterophylla

Juniperus deppeana
J. scopulorum
J. osteosperma
J. occidentalis

Lariz occidentalis

Pinus banksiana
. contorta

. resinosa

. ponderosa

. lambertiana

. monticola

. strobus

. palustris

. elliotte:

» Swamp tupelo, and water tupelo lumber for accurate species identification is recog-

and yellow cypress. Red cypress is frequently classified and sold separately from the

but if the particular type is not so specified or is not

produced from trees of the botanical species of Pinus elliottii

merwood. Longleaf yellow pine lumber s sometimes designated as pitch pine in the export l;radeall st ennval rings per inch and not less than one-third sum-
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SOFTWOODS—Continued

Commercial name for lumber

, - pitch pine_ ______

Southern yellow pine______________ shortleaf pine_ ..

slash pine. . _____

Virginia pine_____

Redwood_______ ___________________ redwood_________
Spruce:

Eastern spruce

Engelmann spruce.________________
Sitka spruce_.__ __________________._

Tamarack. .. . __ tamarack___.____
Yew:
Pacific yew_ _____ . ______ Pacific yew______

Hardwoods and Softwoods

Trees are divided into two classes, hard-
woods and softwoods. The hardwoods, such as
birch, elm, maple, and the oaks, have broad leaves.
Some softwoods or conifers, such as the cedars,
have scalelike leaves, while others, such as the
pines, Douglas-fir, and the spruces, have needle-
like leaves.

The terms “hardwood” and “softwood” are not
directly associated with the hardness or softness
of the wood. In fact, such hardwood trees as
cottonwood and yellow-poplar have softer wood
tharfli such softwoods as longleaf pine and Doug-
las-fir.

Gross Structural Features of Wood

A cross section of an oak tree is shown in
figure 1. Thé outer part of the tree is the outer
bark (C). Just beneath is a layer called the
inner bark (B), and beneath it is the cambium

(4).

Sapwood

Sapwood (fig. 1, D) plays an important part
in a tree’s living processes. In general, only the
last few outside layers of the sapwood are alive.
The rest of the sapwood carries moisture from
the roots to the leaves and stores food for the
tree. It usually has a higher moisture content
than the heartwood.

Heartwood

During the life of a tree, sapwood gradually
changes into heartwood (fig. 1, £'). As it does
so, 1t becomes less permeable. Since moisture
movement is thus retarded considerably, heart-
wood dries more slowly than sapwood. Heart-
wood usually surface checks and honeycombs

Common iree name

oblolly pine_____
longleaf pine_____

red spruce______._
white spruce_____
blue spruce_ _____
Engelmann spruce
Sitka spruce_ . _.__

{black spruce_____

Botanical name

Pinus taeda

P. palustris

P. rigida

P. echinata

P. elliottiv

P. virginiana
Sequora sempervirens

Pricea mariana
P. rubens

P. glauca

P. pungens

P. engelmannzi
P. sitchensis
Lariz laricina

Tazus brevifolia

more readily than sapwood, hence requires milder
drying conditions. It is usually darker in color

and also more resistant to decay than sapwood.
Since the color change may require several years,
a band of heartwood may have the same color
as the sapwood next to it, yet not dry so easily
because it is less permeable.

M—88620—F

Freure 1.—Cross section of an oak tree: A4, Cambium
layer (microscopic) is inside of inner bark and forms
wood and bark cells. B, Inner bark is moist and
soft, carries prepared food from leaves to all growing
parts of tree. C, Outer bark or corky layer is com-
posed of dry dead tissue, gives general protection
against external injuries. D, Sapwood is the light-
colored wood beneath the bark; it carries sap from
roots to leaves. E, Heartwood (inactive) is formed
by a gradual change in the sapwood; it gives the tree
strength. F, Pith is the soft tissue about which the
first wood growth takes place in the newly formed
twigs. G, Wood rays are strips of cells that extend
radially within the tree and serve primarily to store
and transport food.



Pith
The pith of
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a tree (fig. 1, ) is laid down

by the growing tip. It is usually very small and
o’Jfrno practical imgortance in the drying of wood.

The juvenile woo

immediately around the pith,

however, differs in some ways from most of the
wood in the tree, and it is almost impossible to

dry such wood

without drying defects.

Annual Growth Rings

Diameter growth of a tree in temperate cli-
mates is represented by rings that usually can

be easily seen

on the end of a log as concentric

circles about the pith. The closer the annual
rings are to the pith, the greater their degree

of curvature.

Each annual growth ring is com-

posed of springwood and summerwood (in some
places known as early wood and late wood). The
inner part, which is formed early in the growing
season, is called springwood, and the outer part,
formed later, is called summerwood. When lum-
ber is cut from a log, the annual rings are cut

across in one
pattern on the
ical patterns a

Wood Rays

Wood rays
the face of a

direction or another and form a
broad faces of the boards. Typ-
re shown in figure 2.

appear as ribbonlike strands on
quartersawed board (fig. 2, 4).

Because they are relatively weak, surface, end,

Freure 2.—4, A

ZM—554—F

quartersawed board shows the edge of

the annual rings on its broad face; B, a plainsawed

board shows th

e side of the rings.

and honeycomb checks usually occur in or next
to them. Such woods as oak and beech, which
have large rays, require special care during the
early stages of drying in order to minimize sur-
face and end checking.

Grain and Texture

The physical characteristics of various woods
that have some bearing on drying are loosely
termed “grain” and “texture.” Several terms are
used in describing grain. The terms “fine-
grained” and “coarse-grained” refer to ring pat-
tern, either the prommence of the summerwood
band or the width of the rings. When used in
connection with wood cells, grain refers only to
the direction of the cells or fibers. In straight-
grained wood, the fibers run generally parallel to
the length of the board, and in cross-grained wood
they run at an angle. The terms “end grain” and
“side grain” are also commonly used in discussing
moisture loss and seasoning defects. A cross sec-
tion of a log or board has an end-grain surface.
Any other section, radial, tangential, or interme-
diate, has a side-grain surface.

Texture usually refers to the diameter of in-
dividual cells. Fine-textured wood has small
cells; coarse-textured wood has large cells. If
all the cells of a softwood or all the pores of
a hardwood are of approximately the same size,
the wood is usually called “uniform-textured.”
Coarse-textured woods usually dry faster than
fine-textured woods. Uniform-textured woods in
general are less likely to develop drying defects
than are nonuniform-textured woods. The word
“texture” should not be used in describing hard-
ness of wood.

Variations in Structure

Lumber commonly contains variations in wood
structure, such as knots, spiral grain, tension
wood, and compression wood.

Cross grain in lumber may result either from
the way in which the log ‘is sawed (diagonal
grain) or from spiral grain that occurred in the
growing tree. ~When spiral grain alternately
runs 1n one direction and another in successive
groups of growth rings, interlocked grain re-
sults. Lumber containing diagonal, spiral, or
interlocked grain shrinks more in length than
does straight-grained lumber. Such lumber may
bow, crook, and twist during drying.
 Knots are sections of tree branches appearing
in boards. Because of shrinkage, some kinds
of knots may drop out during drying; more often,
however, they are loosened or checked during
drying and drop out of the boards during han-
dling or machining. These are called “incased”
knots; they result from dead branches around
which trunk wood later grew. Intergrown knots,
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caused by living branches intergrown with trunk
wood, are much less likely to drop out of dried
lumber.

Compression wood occurs in softwoods mainly
on the lower side of leaning trees but sometimes
in other parts of the tree trunk. Because this
wood shrinks more longitudinally than normal
wood, boards that contain compression wood may
bow, crook, and twist during drying. If this
warping is restrained, the compression wood may
rupture and form cross-breaks in the lumber.

Tension wood occurs in hardwoods, mainly on
the upper side of leaning trees but sometimes in
other parts of the trunk. ILumber containing
this wood will shrink more longitudinally than
will normal wood, causing warp during drying.

Further information on wood structure is avail-
able elsewhere (2, 9).

Wood-Moisture Relations

All wood in growing trees contains consider-
able quantities of water, commonly called sap.
Although sap contains some materials in solu-
tion, from the drying standpoint it is considered
to be plain water. Most of this water should be
removed in order to obtain satisfactory service
from the wood in use. All wood gains or loses
moisture in an attempt to reach a state of bal-
ance with the conditions under which it is stored
or used. This state of balance depends upon
the relative humidity and temperature of the
surrounding air. Therefore, some knowledge of
wood-moisture relations is helpful in understand-
ing what happens to wood during drying, stor-
age, fabrication, and use.

Water is held by wood in two ways, as “free
water” in the cell cavities and as “bound water”
in the cell walls. The free water does not affect
the properties of wood other than weight. The
bound water, however, does affect many proper-
ties of wood, and is more difficult to remove in
drying.

Moisture Content

The amount of moisture in wood is spoken of
as its moisture content, and is expressed as a
percentage of the ovendry weight of the wood.

The universally accepted method of determin-
ing the moisture content of wood is the oven-
drying method, or oven test. This method, de-
scribed in chapter 6, is used to calculate moisture
content from weight values obtained from a sec-
tion of wood before and after it has been oven-
dried. Other methods of determining the mois-
ture content of wood are described in chapter 8.

The amount of water in green wood varies
greatly. One wood may contain as little as 30
percent; another may contain 200 percent or
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more. Large variations may occur not only be-
tween species but also within the same species
and even in the same tree. Sapwood usually con-
tains more water than heartwood. In some spe-
cies the butt logs of the tree may contain more
water than the top logs.. One example of this
is redwood.

Contrary to a popular belief, the amount of
water in green wood does not. vary greatly with
the season of the year in which the trees are
cut. Some species of wood contain zones of un-
usually high moisture content, commonly called
water pockets. This water moves out very slowly
during the drying process. Woods such as east-
ern white pine, noble fir, western hemlock, and
sweetgum frequently contain water pockets.
Moisture content values for green wood of vari-
ous species are given in table 1. _

The Fiber Saturation Point.—This is defined
as the point at which the cell walls are saturated,
but no free water remains in the cell cavities.
Moisture content of the individual cell walls at
the fiber saturation point is approximately 30 per-
cent for all woods. The term “fiber saturation
point” pertains to the moisture content of the
walls of a cell and not to the whole piece of
wood. For example, 1f the average moisture con-
tent of a whole piece of wood i1s at 30 percent,
some of the cell cavities will contain free water.

The fiber saturation point is important in the
drying of wood for the following reasons: (1)
more heat is required to move water from a cell
wall than from a cavity; (2) a wood cell will
not shrink until it reaches the fiber saturation
point; and (3) large changes in the physical
and mechanical properties of wood begin to take
place at the fiber saturation point. .

E quilibrium Moisture Content.—Any piece of
wood gives off or takes on moisture until the
amount it contains is in balance with that in
the surrounding atmosphere. The amount of
moisture in the wood at the point of balance 1s
called the equilibrium moisture content. As-
suming constant temperature, the ultimate mois-
ture content that a given piece of wood will at-
tain depends entirely upon the relative humidity
of the air surrounding it. This relationship is
illustrated in figure 3, which shows, for example,
that wood kept in air constantly at 141° F. and
65 percent relative humidity will eventually come
to equilibrium at a moisture content of about 10
percent. Equilibrium moisture content is desig-
nated by the letters EMC.

To assure proper control of drying condi-
tions in a kiln, both temperature and relative hu-
midity must be accurately measured. Two ther-
mometers are used for this purpose. One meas-
ures temperature in the usual way. The bulb
of the other 1s kept wet with a wicklike cover,
from which water evaporates at a rate deter-
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TABLE 1.—Average moisture content of green wood

SOFTWOODS
Moisture content !
Species Mixed
Heart- Sap- |heartwood
wood wood and
sapwood
Percent Percent Percent
Baldeypress. oo oo --- 121 {171 (oo _._.
Cedar:
Alaskg-. o o ____ 32 166 |___._____-
Atlantic white-____ | o ___[-ooo____ 35
Eastern redcedar_.______ 33 ||
Incense- . ________ 40 213 |-
Northern white-____ |- __|----_-- 55
Port-Orford-_ .. ___-__ 50 08 . --_
Western redcedar_._____ 58 249 |\ _________
Douglas-fir: :
Coast type.- .o ___-_ 37 1156 | _
Intermediate type.-____ 34 154 | -
Rocky Mountain type.- . 30 112 | __
Fir:
Balsam_ | oo 117
California red.__ - _____| |- ___ 108
rand.__ __________.___ 91 136 | ___
Nobleo oo 34 115 |-
Pacifie silver___ ________ 55 164 (__________
Subalpine_ _________ |- o o|ooooo_-- 47
White__.______________ 98 160 |- oo
Hemlock:
Bastern_______________ 97 119 | __
Western_______________ 85 170 |-
Larch, western.___.______ 54 119 | _________
Pine:
Eastern white_______ ___|________|________ 68
Lodgepole____.________ 41 120 . _______
Ponderosa_____________ 40 148 | ________
ed___________________ 32 134 | ______
Southern yellow:
Loblolly_____________ 33 110 |- _
Longleaf _________.__ 31 106 | _________
Shortleaf ___________ 32 122 | ___.
Sugar_________________ 98 219 | _______._
Western white_________ 62 148 | ____.____
Redwood:
Old-growth..._________ 86 210 | __
Second-growth_________| _______|._______ 127
Spruce:
Black_________________ 34 128 | ______
Engelmann____________ 51 173 | __
Sitka. . ___________ 41 142 | _________
Teamarack_______________ 49 | __
HARDWOODS
Alder,red_______________|________ 97 | ______
Apple.__________________ 81 T4 | .
Ash:
Black ________________ 95 || _____
Green.________________|________ 58 | _____
White___._____________ 46 44 | _____
Aspen__ ________________ 95 113 |
Basswood, American______ 81 133 | _____
Beech, American___..____ 55 72

TaBLE 1.—Average moisture content
of green wood—Continued

HARDWOODS—Continued

Moisture content !

Species Mixed
Heart- Sap- |heartwood
wood wood and
sapwood
Percent Percent Percent
Birch:
Paper.________________ 89 T2 | ..
Sweet oo oo 75 70 | .
Yellow________________ 74 T2 (.
Buckeye, yellow_____ _____|_ _______| _______ 141
Butternut__________ || ____. 104
Cherry, black____________ 58 || .
Chestnut, American_.____ 120 || ____
Chinkapin, golden________| _______|________ 134
Cottonwood, black.______ 162 146 | _______
Dogwood, flowering. _ - _|_______ | _______ 62
Elm:
American_ - . __________ 95 92 | ____.___
Cedar_________________ 66 61 | _________
Roek ________________ 44 57 |\
Hackberry_ . ___________ 61 65 | _____
Hickory:
Bitternut______________ 80 54 |\ _________
Mockernut. _______.____ 70 52 |__________
Pignut________________ 71 49 (.o ..
Red__________________ 69 52 |__________
Sand_________________ 68 50 |__________
Water________________ 97 62 |__________
Holly, American_ ________|________|________ 82
Hophornbeam, eastern__ __________|________ 52
Laurel, California. _______|________| _______ 65
Locust, black____________|________|________ 40
Madrone, Pacific__ _______|________|________ 81
Magnolia._. ... _____ 80 104 | ________
Maple:
Silver (soft) - __________ 58 97 | ____
Sugar (hard)___________ 65 T2 (oo .
Oak:
California black________ 76 75 | .
ive | |o_______ 50
Northernred. _________ 80 69 |__________
Southern red_ _________ 83 75 | .
Southern swamp_______ 79 66 |__________
Water________________ 81 81 | ___
White_ _______________ 64 78 | ..
Willow_______________ 82 T4 | ___
Osage-orange. .. _________|________|________ 31
Persimmon, common_ ____|________|________ 58
Sweetgum_______________ 79 137 | ..
Sycamore, American______ 114 130 (.. ______
Tanoak___ . _____________ | _______|._______ 89
Tupelo:
Black __ ______________ 87 115 | _______
Swamp._______._______ 101 108 j__________
Water________________ 150 116 |__________
Walnut, black.___________ 90 73 |
Willow, black____________| _____ | __ 139
Yellow-poplar___________ 83 106

! Based on ovendry weight.
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FigURE 3.—Relation of the equilibrium moisture content of wood to the relative humidity of the surrounding
atmosphere at three temperatures.

mined by the dryness of the air around it. This
evaporation has a cooling effect that increases
as evaporation speeds up. Thus, the dryer the
air, the greater the cooling effect, and the lower
the temperature recorded by the wet-bulb ther-
mometer. The ditference between the dry-bulb
and wet-bulb temperatures—called the wet-bulb
depression—is thus a measure of the relative hu-
midity in the air.

In kiln-drying, it is more convenient to con-
vert wet-bulb depressions at given dry-bulb tem-
peratures directly into EMC values. The EMC
values for various dry-bulb temperatures and wet-
bulb depressions commonly used in kiln drying
are shown in table 2.

For example, assume that the dry-bulb tem-
perature in a kiln is 150° F. and the wet-bulb
temperature 130°. The wet-bulb depression, that
1s, the difference between these two temperatures,
is 20°. Wet-bulb depression values are shown
across the top of table 2, and dry-bulb tempera-
tures on the extreme left of the table. To find the
EMC at the assumed conditions, (1) locate the
20° wet-bulb depression column, (2) follow this
column downward until it intersects the 150° dry-
bulb temperatnre line, and (3) read the EMC
value, 8 percent, given at this intersection in italic

type.

How Wood Dries

Water in wood normally moves from zones of
higher to zones of lower moisture content (I).
This fact supports the familiar statement that
“wood dries from the outside in,” which means
that the surface of the wood must be drier than
the interior if moisture is to be removed. In
drying, the surface fibers of the heartwood of
most species attain moisture equilibrium with the
surrounding atmosphere almost as soon as drying
begins, and at this time a moisture gradient be-
gins to develop. The surface fibers of sapwood
also tend to reach a state of balance with the
surrounding drying atmosphere early in the dry-
ing process, if the air circulation is fast enough
to evaporate the water as rapidly as it comes to
the surface of the wood. If the air circulation
is too slow, however, a longer time is required for
the surfaces of sapwood to attain equilibrium.
To reduce drying time, the initial wet-bulb de-
pression in the kiln should be as large as possible
without causing serious end or surface checking.

Moisture in wood moves as liquid or vapor
through several kinds of passageways. These
consist of the cavities of fibers and vessels, wood
ray cells, pit chambers and their pit membrane
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TasLe 2.—Relative humidity ' and equilibrium moisture content® values occurring at various dry-bulb
temperatures and wet-bulb depressions

Temper- Wet-bulb depression (°F.)
aturo
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! Relative humidity values in roman type.
? E quilibrivm moisture content values in italic type.

openings, resin ducts of certain softwoods, other 1. Capillary action, which causes free water to

ntercellular spaces, and transitory cell-wall pas-  flow, for the most part o
. through cell cavit d
sageways (7). Most of the moisture lost by wood  small openings in Fhe cell Waigl.1 oo tes

during drying moves through cell cavities and i i i idity i
) A : 2. Differences in relative humidity in the wood
the small openings in the cell walls. Moisture  that cause water vapor to move through various
inove_:s In these passageways in any direction, passageways by diffusion. °
Qg{%&g“gnaégarﬁsdwen as 13@&"1311}’- Lighter 3. Differences in moisture content that move
heavier Wc%ods Ty more rapidly than do the  {he hound tater through the small passageways
: in the cell wall by diffusion.

Forces That Move Water When green wood starts to dry, evaporation
Wh ' ' of water from the surface cells sets up capillary
Vhen wood is drying, several forces may be  forces that exert a pull on the free water in the
acting simultaneously to move water. These zones' of wood beneath the surface, and a flow

forces are as follows: results. This is similar to the movement of water
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in a wick. Much of the free water in sapwood
moves in this manner.

‘Movement of moisture by diffusion results from
differences in relative humidity and moisture con-
tent between the surface and the interior, or be-
tween any two zones of the wood. Moisture in
wood moves to the surface by simultaneous dif-
fusion of vapor and bound water. In comparison
with capillary movement, diffusion is a slow
process.

Longitudinal diffusion is about 10 to 15 times
faster than lateral—that is, radial or tangential
—diffusion. Radial diffusion, perpendicular to
the growth rings, is somewhat faster than tan-
gential diffusion, parallel to the rings. Although
longitudinal diffusion is 10 to 15 times as fast as
lateral diffusion, it is of practical importance only
when short items are being dried.

Most of the moisture is removed from wood by
lateral diffusion during drying. The rate of lat-
eral diffusion depends to a large extent upon the
permeability of the cell walls and upon their
thickness. Thus permeable woods dry faster than
impermeable woods. Generally, the rate of dif-
fusion decreases rapidly as the specific gravity
of the wood increases.

Moisture diffuses more rapidly in sapwood
than in heartwood. This is probably due to the
fact that extractives plug the small cell wall
openings in the heartwood.

Because moisture moves more freely in sap-
wood than heartwood, both by diffusion and by
capillary flow, sapwood generally dries faster
than heartwood under the same drying condi-
tions. The heartwood of some species, however,
may reach the final desired moisture content in a
shorter drying time than the sapwood, because
its initial moisture content may be much lower
than that of the sapwood.

Factors That Influence Drying Rate

The rate at which moisture moves in wood is
dependent upon the relative humidity of the sur-
rounding air, the steepness of the moisture gra-
dient, and the temperature of the wood. The
lower the relative humidity, the greater the
capillary flow. Low relative humidity also stim-
ulates diffusion by lowering the moisture content,
at the surface, thereby steepening the moilsture
gradient. If the relative humidity is too low
during the early stages of the drying of green
wood, excessive end and surface checking may
result. The higher the temperature of the wood,
the faster will be the rate at which the moisture
moves from the wetter interior to the drier sur-
faces. If the temperature is too high, however,
collapse, honeycombing, or reduction in strength
may result.

188, U.S. DEPT. OF AGRICULTURE

Specific Gravity and Weight of Wood

Specific gravity is one of the physical proper-
ties of wood that are guides to ease of drying.
In general, the heavier the wood, the slower the
drying rate and the greater the likelihood of de-
veloping defects during drying. Specific gravity
is defined as the ratio of the weight of a body to
the weight of an equal volume of water. Usually
the specific gravity of wood is based on the vol-
ume of the wood when green and its weight when
ovendry. Thus, if the specific gravity o% a speci-
men of green wood is 0.5, the ovendry weight of
the wood substance in a cubic foot of the green
wood 1is one-half the weight of a cubic foot of
water. The higher the specific gravity of wood,
the greater is the amount of ovendry wood found
in a unit volume of green wood. Thus, at the
same moisture content the woods of higher spe-
cific gravity contain more water. The specific
gravity of a number of species is given in table 3.

Weight of wood depends on its specific gravity
and its moisture content. Calculated weights are
given in table 4. The values for weights per
thousand board feet in columns 2 and 3 apply to
a thousand feet, surface measure, of boards ex-
actly 1 inch thick (actual board feet) and not to
a thousand board feet, lumber scale. These
weights were determined by multiplying the
weight per cubic foot at the given moisture con-
tents by 83.3, the number of cubic feet in a thou-
sand board feet. Since these weights are based
on actual board feet—a thousand lineal feet of
lumber exactly 1 inch thick and 12 inches wide—
they must be adjusted upward for rough lumber
and downwarvd for dressed. For example, the ad-
justment. factor for a 1- by 8-inch board dressed to
254, inch in thickness and 714 inches in width
is arrived at as follows:

Pha X T
“1X8 =0.7324

Values in columns 2 and 8 of table 4 multiplied
by 0.7324 give the weights of a thousand board
feet of dressed 1- by 8-inch lumber. Similarly,
for any dressed size a factor can be worked out
and the weight per thousand board feet calcu-
lated. The adjustment for rough lumber is made
in a like manner, the actual rough size being
divided by the nominal size (9).

The weight per thousand board feet (actual)
at any moisture content below 30 percent can be
determined by applying the correction factors in
column 4 of table 4. For example, the weight
of a thousand board feet of coast type Douglas-
fir at a moisture content of 21 percent would be
14.3 pounds more than that shown in column 2;
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TaBLE 3.—Specific gravity of wood

SOFTWOODS
Average Average
Species specific Species specifie
gravity ! gravity !

Baldeypress - - - < ccom--mmmmmmmmmmmmmmm oo 0. 42 Larch, Western .- coooooocooooooo o .51

Cedar: Pine:

AlasKan - o o e .42 Eastern white__ o oo ao-- .34
Atlantic white-_ - - e .31 Todgepole - - - oo .38
Eastern redeedar_ - oo oo cccmmemcmmeamm - .44 PonderosSa. - - - - oo .38
TRCENSe - - - e mmmmm e m = = .35 Red - - oo e .40
Northern white- - - oo oo ccmeee oo e - .29 Southern yellow:

Port-Orford-- - - ccom e oo - . 40 Lobloly oo .47
Western redeedar. o - cccoeaoomcm o me .31 Longleaf  _ - . 54

Douglas-fir: Shortleaf - oo o e e . 46
Coast LYPe- - - o cccccmmmmmmmmmmm oo . 45 SUBAT - oo e mmmme e . 85
Intermediate t¥Pe - oo oo oo mm e .41 Western white _ - - e . 36
Rocky Mountain type- - - --ccocoaomoo---- . 40 Redwood:

Fir: Old-growth - - o e .38
BalSam - oo - .34 Second-growth - oo oo .30
California red-_ - - o occce e . 37 Spruce:

Crand - - o e m - .37 Black e .38
Noble. - - oo e . 35 Engelmann oo - .32
Pacific silVer- - - oo - .35 Red - - - e . 38
Subalpine - - -« oo ame - .31 White. . e . 37
White - o e me e .35 Sitka - e mmm e .37

Hemlock: Tamarack - - - e .49
Eastern - - - - - - e e - . 38
Western. - - - e - . 38

HARDWOODS

Alder, red - - 0.37 Hickory, true:

ADPDPIe o oo .61 Mockernut - - - oo _ . 64

Ash: Pignut _ - 66
Black - e 45 Shagbark - mmeeeeeo— - 64
Green. oo .53 Shellbark._ el . 62
White o oo o o e . 55 Holly, Ameriean - oo . 50

Aspen._________ e EEen .35 Hophornbeam, eastern_ ___ ... _____ .63

Basswood, American. - - ooaooooo- .32 Laurel, California_ - - - _____________o--_ . 51

Beech, American. - oo ------- . 56 Lemonwood . - - oo oo . 82

Birch: Locust, black _ __ - --- . 66
Paper. e .48 Madrone, Pacific . - - 58
SWeet - e . 60 Magnolia. . _ - 46
Yelow.- oo . 55 Maple:

Buckeye, yellow_ - oo eeo- .33 Sllver (SOt - - o o e .44

Butternut - - - - oo e . 36 Sugar (hard) - e . 56

Cherry, black_ ____ o ___ .47 Oak

Ch(_estnut, Ameriean_ - - o eeeeea - . 40 California black_ - - oo oo __ .51

Chinkapin, golden_ __ __ oo oo .42 Lave o o e e .81

Cottonwood, black _ _ _ ___________ ... .32 Red 2 _ o e .54

Dogwood, flowering. - - - oo 64 Water_____ . . 56

Elm: White. - e . 60
Ameriean____ o mmmma- 46 Willow. oo o 19
Cedar. . ... T 59 Osage-0range - - - oo oo .76
Rock. ... .. Tt 57 Persimmon, eOmMmON _ - - oo coooooomoo o . 64
Slippery_____________-_______-__-_:::" .48 STEHlo o coossocmoosoasocomoossananasas - 46

Hackberry. . ... T "49  Sycamore, American . ...o.oo.o.ooooooooo- . 46

Hickory. ... ______ ) 65 %anoak __________________________________ .56

---------------- : upelo:

Hickory, pecan: Black
Bitternut__ o _____ 60 Wa% ___________________________ . 46
Nutmeg ___________________________ ' 56 W la Pocoscactacananoactaanonooonaoasson . 46
PabIeg- - oo ocoomoooooosoooonoooo- . alnut, black ___________________________. .51
PECAN. <o csmcmoos oo sesooa s coo e .60  Willow, black_____________________________ 34

__________________________________ .61 Yellow-poplar.________ . . 40

! Based on weight when ovendry and volume when green.
* Average of northern and southern red oak. e

555315 0—61——2
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Tasre 4.—Calculated weights of wood
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SOFTWOODS
Weight per 1,000 board feet Correction factor
(actual board feet) per 1,000 board
feet for each 1
Species percent change
At 20 percent | At 8 percent in moisture
moisture moisture content !
content content
Pounds Pounds Pounds
Baldeypress._ - e ; 2, 14.3
Cedar:
Alaska- o o e 2, 700 2, 530 14. 3
Atlantie white-_ _ - e 2, 020 1, 920 8. 6
Eastern redcedar. - - - o oo 2, 870 2, 680 15.7
Incense-_ _ _ e 2, 190 2, 020 14. 3
Northern white-_ e eeeaoo- 1, 880 1, 730 12.9
Port-Orford-_ _ . e 2, 580 2, 410 14. 3
Western redeedar. - - - oo e 2, 010 1, 870 11. 4
Douglas-fir:
Coast type _ - e 2, 930 2, 760 14.3
Intermediate type___ .- 2,710 2, 570 11. 4
P Rocky Mountain type. - - .- 2, 620 2, 430 15. 7
ir:
Balsam - - o e 2, 270 2, 200 5.7
California red . - _ . e 2, 420 2, 270 12,6
Grand _ e eooo- 2, 420 2, 275 12.1
Noble . . e 2, 320 2, 180 11. 4
Pacifie silver_ _ _ _ e eeeee 2,390 2, 275 9.3
Subalpine - - oo 1, 940 1,775 13. 6
White  _ e 2, 270 2, 150 10. 0
Hemlock:
Eastern. - 2, 480 2, 330 12.9
Western _ _ o idceeaoo . 2, 530 2, 390 11. 4
Larch, western _ . - - iccimceeao 3, 350 3, 180 14.3
Pine:
Eastern white. _ o - 2,190 2, 020 14. 3
Lodgepole_____ - 2, 490 2, 350 11. 4
Ponderosa__ . eia- 2, 440 2, 290 12.9
Red._ - 2, 680 2, 530 12.9
Southern yellow:
Loblolly - o e eaas 3, 080 2, 930 12.9
Longleaf . oo 3, 550 3, 360 15.7
Shortleaf oo~ 3, 030 2, 880 12.9
SUEAT e 2, 240 2, 075 13. 8
Western white i le--- 2, 380 2, 260 10. 0
Redwood, old-growth_ _ _ .. 2, 450 2, 280 14.3
Spruce:
Black e 2, 460 2, 320 11. 4
Engelmann____ _ L _-_--- 2, 070 1, 930 11. 4
SItKA - - 2, 400 2, 260 11.4
Tamarack - oo 3, 205 3,025 15.0
HARDWOODS
Alder, red_ . 2, 450 2, 330 10. 0
ApPle. - e 4, 090 3,970 10. 0
Ash:
Black ... 3, 000 2, 860 11. 4
Green_ . _ el 3, 470 3, 280 15.7
White_ e 3, 630 3, 460 14.3
Aspen. .. 2,310 2, 190 10.0
Basswood, American_ __ _____________________________________ 2, 200 2,125 6.4
Beech, American___ ___ . _______ 3, 750 3, 600 12.9
Birch:
Paper_ .. 3, 280 3,180 86
Sweet_ _ ... 4, 000 3, 830 14.3
Y elOW o o 3, 680 3, 530 12.9

See footnote at end of table.
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TaBLE 4.—Calculated weights of wood—Continued

HARDWOODS—Continued
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Weight per 1,000 board feet Correction factor
. (actual board feet) per 1,000 board
Species feet, for each 1
ercent change
At 20 percent | At 8 percent P in moist:ureg
moisture moisture content !
content content
Pounds Pounds
Buckeye, yellow_ _ .. 2, 160 2, 070 Founds 71
Butternut. ... 2, 340 2, 200 11. 4
Cherry, black_ . - ... 3,090 2, 900 15.7
Chestnut, American_ ________________________________________ 2, 600 2, 460 11. 4
Chinkapin, golden_ __ . ________________________________.____. 2,750 2,610 11. 4
Cottonwood, black__ . ________ 2, 080 1, 980 8. 6
Dogwood, flowering . __ e 4, 340 4, 225 9.3
Elm:
American_ . __________ ... 3, 060 2, 960 8.6
Cedar_ _ _ . 3, 890 3, 720 14. 3
Rock._ .. 3,770 3, 560 17. 1
Hackberry - o . 3, 190 3, 020 14. 3
Hickory - _ e 4, 340 4, 200 11. 4
Holly, American_ ___ . __.__ 3, 380 3, 240 11. 4
Hophornbeam, eastern_____ _ __ _ __ _ _____ o ____ 4, 240 4, 070 14. 3
Laurel, Califorzua_ 3, 370 3, 180 15. 7
Locust, black________ o eao._. 4, 220 3, 890 27.1
Madrone, Pacific___ . __ . 3, 860 3,720 11. 4
Magnolia._ . - - 3, 020 2, 870 12. 0
Maple:
Silver (soft) - _ e 2, 880 2, 730 12.9
Sugar Chard) - - . 3,770 3, 620 12. 9
Oak:
Northern red._ e eeeeee_ 3, 730 3, 540 15.7
Southern red. - ... o ___ 3, 480 3, 340 11. 4
White_ - . 3, 970 3, 800 14. 3
O8age-0Tange  _ - _ e 4,910 4, 575 27.9
Persimmon, common. . _________ o __________ 4, 290 4, 140 12.9
Sweetgum_ __ ... 3, 080 2, 960 10. 0
Sycamore, American_ _ _ _ _ . oo 3, 030 2, 890 11. 4
Tupelo:
Black . 3, 080 2, 960 10. 0
Woater e 2, 980 2, 830 12. 9
Walnut, black _ __ L 3, 320 3, 080 20.0
Willow, black . e 2, 340 2, 240 8.6
Yellow-poplar. . - . e 2, 580 2, 430 I 12. 9

1 Applies only to moisture values of 30 percent or less.

at a moisture content of 7 percent, 14.3 pounds
less than that shown in column 3.

Shrinkage of Wood

When wood is dried below the fiber saturation
point, it shrinks. When it has dried to 15 per-
cent moisture content, about one-half of the total
possible shrinkage has taken place; when dried
to 8 percent moisture content, nearly three-
fourths of the maximum possible amount has
taken place. Figure 4 indicates how Douglas-fir
shrinks with loss of moisture. While these curves
are not straight, shrinkage is generally thought
of as a straight line relationship (5, 6).

Average Shrinkage Values

Table 5 gives average shrinkage values for
various specles of wood. These values are given
in percentages of the green dimension. Wood
shrinks about 114 or 2 times as much parallel to
the annual growth rings (tangentially) as it does
across the rings (radially). The shrinkage along
the grain (longitudinally) is very little (0.20 per-
cent or less) in normal wood. The combined
effects of radial and tangential shrinkage are
shown in figure 5.

Shrinkage values in table 5 can be converted
into useful units of measurement. Kach 3 percent
of shrinkage, either radially or tangentially, is
roughly equivalent to a decrease in width or
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TaBLE 5.—Shrinkage values of wood, based on its dimensions when green

SOFTWOODS

Dried to 20 percent
moisture content !

Dried to 6 percent
moisture content 2

Dried to 0 percent
moisture content

Species
Radial Tangen- Radial Tangen- Radial Tangen-
shrinkage tial shrinkage tial shrinkage tial
shrinkage shrinkage shrinkage
Percent Percent Percent Percent Percent Percent
Baldeypress. - - oo .3 3.0 0 .8 6. 2
Cedar:
Alaska- _ i .9 2.0 2.2 4.8 2.8 6.0
Atlantic white- __________________________ 1.0 1.8 2.3 4.3 2.9 5. 4
Eastern redeedar_ - - - oo meoen 1.0 1.6 2.5 3.8 3.1 4,7
Incense- - - o e 1.1 1.7 2.6 4.2 3.3 5.2
Northern white- ___ e eean- L7 1.6 1.8 3.9 2.2 4.9
Port-Orford-.. - 1.5 2.3 3.7 5.5 4.6 6.9
Western redcedar__ __ . ____________ .8 1.7 1.9 4.0 2.4 5.0
Douglas-fir:
Coast type_ - . 1.7 2.6 4.0 6. 2 5.0 7.8
Intermediate type._ - oo aaeao 1.4 2.5 3.3 6. 1 4.1 7.6
P Rocky Mountain type__ oo -__ 1.2 2.1 2.9 5.0 3.6 6.2
ir:
Balsam._ . e 1.0 2.3 2.3 5.5 2.9 6.9
California red_ _ __ __ . __._ 1.3 2.4 3.2 5 8 4.0 7.2
Grand. - e meemman 1.1 2.5 2.7 6.0 3.4 7.5
Noble_ - oo 1.5 2.7 3.6 6. 6 4.5 8. 2
Pacifie silver. _ e 1.5 3.3 3.7 7.8 4.6 9.8
Subalpine_____ . .9 2.5 2.1 5.9 2.6 7.4
White_ e 1.1 2.4 2.6 5.7 3.2 7.1
Hemlock:
Eastern_ _ e - 1.0 2.3 2.4 5. 4 3.0 6.8
Western - oo e 1.4 2.6 3.4 6.3 4,3 7.9
Larch, western____________ - 1. 4 2.7 3.4 6. 5 4.2 8.1
Pine:
Eastern white_ ___ __ . ____.__ .8 2.0 1.8 4.8 2.3 6.0
Lodgepole_ . _ oo . 1.5 2.2 3.6 5.4 4.5 6.7
Ponderosa_ - - .- 1.3 2.1 3.1 5.0 3.9 6.3
Red._ oo 1.5 2.4 3.7 5.8 4.6 7.2
Southern yellow:
Loblolly_ _ - 1.6 2.5 3.8 5 9 4.8 7.4
Longleaf - 1.7 2.5 4.1 6. 0 5.1 7.5
Shortleaf _ _ _ ___________________ 1.5 2.6 3.5 6. 2 4.4 7.7
Sugar. e 1.0 1.9 2.3 4.5 2.9 5.6
Western white. . ________________._- 1.4 2.5 3.3 5.9 4.1 7.4
Redwood:
Old-growth_ _ - .9 1.5 2.1 3.5 2.6 4.4
Second-growth . _ .. LT 1.6 1.8 3.9 2.2 4.9
Spruce:
Black._ - 1.4 2.3 3.3 5. 4 4.1 6.8
Engelmann. __ - 1.1 2.2 2.7 5.3 3.4 6. 6
Red._ oo loo- 1.3 2.6 3.0 6. 2 3.8 7.8
Sitka e 1.4 2.5 3.4 6.0 4, 3 7.5
Tamarack_ e 1.2 2.5 3.0 5.9 3.7 7.4
Yew, Pacific_ _ _ e - 1.3 1.8 3.2 4.3 4.0 5 4
HARDWOODS
Alder, red_ _ __ . 1.5 2.4 3.5 5. 8 4.4 7.3
Apple_ - o 2.0 3.5 4.7 8. 4 5.9 10. 5
Ash:
Black__ - 1.7 2.6 4.0 6. 2 5.0 7.8
Green_ _ oo 1.5 2.4 3.7 5.7 4.6 7.1
White. - oo 1.6 2.6 3.8 6.2 4.8 7.8
Aspen:
Bigtooth. - _ - o 1.1 2.6 2.6 6.3 3.3 7.9
Quaking___ . 1.2 2.2 2.8 5 4 3.5 6.7
Basswood, American._ ... _o_____ 2.2 3.1 5.3 7.4 6. 6 9.3

See footnotes on following page.
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TaBLE 5.—Shrinkage values of wood, based on its dimensions when green—Continued
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Species

Dried to 20 percent
moisture content !

Dried to 6 percent
moisture content ?

Dried to 0 percent
moisture content

N\
Radial
shrinkage

Tangen-
tial
shrinkage

Radial

shrinkage

tial

Tangen-

shrinkage

Radial
shrinkage

Tangen-
tial
shrinkage

Beech, American .- oo ocooomaoo-ooooomaoo--
Birch:

Buckeye, yellow . oo oo e m e
BUutterNUt_ oo e e e ccmemmmm e m e mmmmmmmm— o=
Catalpa, northern - comooooeomomm o
Cherry, black - - - oo oo oo e
Chestnut, American - cooooomammmano-
Cottonwood, black . - oo oo
Dogwood, flowering_ - - - - oo maoeo oo
Elm:

AMEriCAN o oo o memee e

SIS 1) 0 P
Hackberry oo oo e emmmmme
Hickory:

Holly, American - - oo oo oo
Hophornbeam, eastern.. - —eo---
Laurel, California- .o
Locust, black -
Madrone, Pacific.- - oo oo
Magnolia, southern. - - oo
Mahogany - - oo oo eeemeeeeo oo

P

Swamp chestnut
Swamp red
Water

Persimmon, common
Sweetgum__ ..
Sycamore, American
upelo:
Black

Walnut, black
Willow, black
Yellow-poplar

Percent Percent
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FicUre 4—Typical relation of moisture content to shrinkage of Douglas-fir.

ZM—61223-F

Although the curves are not straight

lines, for practical shrinkage calculations they may be considered as such.

ZM-12494—F

Ficure 5.—Characteristic shrinkage and distortion of
flats, squares, and rounds as affected by the direction
of annual growth rings. The dimensional changes
shown are somewhat exaggerated.

thickness of 14, inch per inch. For example, the
tangential shrinkage of western hemlock at 6 per-
cent moisture content is 6.3 percent (table 5).
Therefore, the shrinkage per inch of widch in a
flat-sawed board would be

% X ho=24 or Y4 inch (approximate)

This shrinkage is for 1 inch. For an 8-inch-
wide flat-sawed board, this value would become
8X14g=844 or L% inch.

Knowing the total shrinkage of a species at
0 percent moisture content, the percentage of
shrinkage at any moisture content below 30 per-
cent can be calculated. Since shrinkage curves
are reasonably close to straight lines from 30 per-
cent (the fiber saturation point) to O percent
moisture content, each 1 percent change in mois-
ture content below 30 percent is equal to 140 of
the total shrinkage. For example, the total tan-
gential shrinkage of western hemlock dried to
0 percent moisture content is 7.9 percent (table 5).
At 25 percent moisture content its tangential
shrinkage would be 54, of 7.9 percent, or about
1.3 percent; at 12 percent its tangential shrink-
age would be 184, of 7.9, or about 4.7 percent.

Shrinkage Variability

Shrinkage differs not only with respect to the
length, width, and thickness of a piece and among
species, but even in material cut from the same
species and from the same tree. The overall
shrinkage of wood also is influenced by drying
conditions. Generally, the higher the tempera-
ture and relative humidity during the initial
stages of drying, the greater the shrinkage.
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On the average, hardwoods shrink more than
softwoods. Although, in general, the woods of
high specific gravity have the greater shrinkage,
there are exceptions. Basswood, a light wood,
has a high shrinkage, while black locust, a heavy
wood, has a moderate shrinkage. The amount of
shrinkage and the difference between radial and
tangential shrinkage have a direct bearing on the
seasoning defects that occur during drying.

Effects of Shrinkage

Shrinkage is responsible for decrease in dimen-
sion, loss of footage, warping, end and surface
checking, splitting, honeycombing, collapse, and
casehardening. All of these are discussed in de-
tail in chapter 9, “Drying Defects.”

Electrical Properties of Wood

The most important electrical properties of
wood are its dielectric properties and its resist-
ance to the passage of an electric current. These
properties are utilized in electric meters designed
to determine the moisture content of wood (3, 7).

The direct current electrical resistance of wood
varies greatly with moisture conteut (table 6),
especially below the fiber saturation point, 1u-
creasing very greatly as the molsture content de-
creases. It also varles with specles, is greater
across the grain than along it, and is affected by
temperature. The resistance is not greatly influ-
enced by differences in specific gravity. Com-
mercial moisture meters of the resistance type
are often calibrated for one species of wood, but
correction tables for other species are supplied
by the manufacturers. Since these meters are
usually calibrated for use at 70° F., the readings
require correction if used at other temperature
(fig. 6).

Meters that use the dielectric properties of
wood, dielectric constant and power factor, are
known as radio frequency power-loss moisture
meters. With this type of instrument, electrodes
are pressed against the wood, and radio frequency
power 1s applied. The electrodes do not mar or
damage the wood. The amouunt of power ab-
sorbed depends upon the wood’s moisture content.
The meter is calibrated directly in terms of mois-
ture content for oune species, and values from zero
to the fiber saturation point are indicated on its
dial. Correction tables for other species are pro-
vided by the instrument makers.

Color of Wood

As a tree grows, the white or straw-colored
sapwood gradually changes to heartwood, and
with this change there is usually a marked change
i color (8, 9). Holly, basswood, cottonwood,
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and magnolia, however, are examples of hard-
woods in which the wood undergoes little or no
change in color. Spruces and true firs are exam-
ples of softwoods that do not change color mate-
rially.

The temperatures used in kilu-drying tend to
darken wood. Dry kiln operators are usually
little concerned with color changes that might
take place in heartwood during drying, but they
are concerned with those that occur in sapwood.

Beneficial color changes may be brought about
by steaming green wood before drying it. Wal-
nut, for example, is steamed in vats to darken the
sapwood before it is dried. At one time sap gum
was steamed to produce a salmon color that the
using industries preferred and paid a premium
to get. European beech is often steamed before
1t 1s dried in order to improve its color appear-
ance. :

Chemical stain can occur when green sapwood
of some species 1s kiln-dried. The sapwood of
hickory tends to turn pinkish wheu kiln-dried;
very low initial temperatures must be used if its
whiteness is to be preserved. Paper birch sap-
wood turns brownish when kiln-dried, and many
plants prefer air-drying for that reason.

Perhaps one of the most troublesome color
changes in wood is brown stain that occurs in
ponderosa pine, the true white pines, and some
other softwoods. It is usually most conspicuous
at or near the surface, but it may be present
throughout the wood. The stain is most pro-
nounced on end- and flat-grained surfaces. The
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occurrence and control of brown stain are dis-
cussed 1n chapter 9.

For interior woodwork and furniture that is to
receive natural finish, a type of discoloration
called sticker stain can become a serious problem.
Sticker stain generally occurs during air-drying
and appears after planing as blackish or brown-
ish streaks across the faces of boards where they
were in contact with the stickers. In redwood,
however, the sticker markings are light colored.
Alhough it is generally limited to sapwood, it
occasionally occurs i heartwood. It is a chemi-
cal stain and should not be confused with sap
(blue) stain that is caused by fungi.
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CHAPTER 2. KILN TYPES AND FEATURES

A dry kiln consists of one or more chambers, bulb temperatures are changed from time to time
rooms, or tunnels in which air can be circulated  as the wood dries. Compartment kilns have
around the wood being dried. The temperature  doors at oue or both ends or along the sides. A
and relative humidity of this air can be manu-  few kilns have removable roofs through which
ally or automatically maintained by controlling  the lumber is put in and taken out.
the dry- and wet-bulb temperatures. In a progressive kiln, the charge consists of a

The design of a kiln has an important bearing  number of truckloads of wood, each at a differ-
on its operation and drying efficiency. A prop-  ent stage of drying. Progressive kilns have doots
erly designed and operated kiln will dry most  at both ends. The wettest stock is on the truck-
species o1 lumber or other wood products to any  load nearest the loading, or “green,” end of the

specified moisture content between 3 and 15 per-  kiln; the driest near the unloading, or “dry,”
cent in a reasonably short time without appre- end. Whenever a truckload of dry humber 1s re-
ciable losses due to seasoning defects. moved from the unloading end of the kiln, the

Kilns designed to dry wood are classified in this  remaining trucks are moved toward the unloading
manual as either compartment or progressive end, and a truckload of green or partially dry
kilns, on the basis of their construction and oper-  lumber is rolled into the kiln at the loading end.
ation. Both classes include natural-circulation  The drying conditions usually are less severe at
and forced-circulation kilns of the ventilated  the loading than at the unloading end. This is
type. accomphished mainly by putting more heating

Compartment kilns are loaded fully at one  coils at the unloading end of the kiln, where a
time; the entire charge remains stationary  higher dry-bulb temperature is desired.
throughout the drying period, and temperature Most dry kilns are of the track type. The wood
and relative humidity are kept as uniform as pos-  is stacked on trucks that are rolled into and out
sible throughout the kiln. The dry- and wet-  of the kiln on tracks (fig. 7). Kilns of the track-

ZM—105938—F

F1eURE 7.—Lumber stacked on trucks of a track-type kiln.
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less type are loaded and unloaded with lift
trucks or overhead cranes and are commonly
called package-loaded kilns.

Compartment Kilns

Natural-Circulation Compartment Kilns

In a natural-circulation compartment kiln
(fig. 8), the air circulates through the loads of
lumber by natural means; the air heated by the
coils rises and that cooled by the wood falls.
Fresh, cool air enters the kiln through fresh-air
ducts that usually extend the full length of the
kiln below the heating coils. Hot, moist air.is
removed from the kiln through root or wall ven-
tilators.

During the first stages of drying green or par-
tially air-dried stock in a single-track, end-piled
kiln (fig. 8), the heated air moves upward from
the heating coils through the spaces between the
loads and the kiln walls. When this air reaches
the ceiling of the kiln, it begins to move down-
ward through flues or openings built into the

>

Freure 8~—A natural-circulation, steam-heated, single-track, end-piled compartment Kkiln.
moist, hot air may be on the roof or, as shown, in the walls.

188, U.S. DEPT. OF AGRICULTURE

loads, cooling as it falls. The downward move-
ment continues until the air reaches the heating
coils, where it is reheated, mixed with fresh air
that enters the kiln through the fresh-air duects,
and recirculated in the kiln. During this stage
of drying, the side coils are turned on and the
center colls off.

When the stock has dried to an average mois-
ture content of about 10 to 20 percent, the side
coils are turned off and the center coils on. This
reverses the direction of air movement; the heated
air moves upward through the load and down-
ward along the side walls. This reversal of air
circulation tends to reduce the moisture content
of the boards in the center and lower parts of the
load, which usually dry more slowly during the
initial stages of drying.

End-piled, natural-circulation kilns can be con-
structed with one or more loading tracks. In
multiple-track kilns of this type, additional heat-
ing coils are placed below and between the tracks.

In a cross-piled, natural-circulation kiln, the
loads of lumber are separated so that air can
circulate between them as well as between the

ZM—59503—F

Vents for exhausting
Arrows indicate air movement during the early

stages of drying, when the side coils are on and the center coils off.
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ends of the loads and the kiln walls. Flues should
be provided in the loads of lumber to facilitate

circulation.

Forced-Circulation Compartment Kilns

Ajr is circulated within all types of kilns to
(1) carry heat from the steam coils or other
types of heaters to the lumber, (2) mix the air,
and (3) carry away the moisture evaporated
trom the wood. To perform these functions more
efficiently than is possible In a natural-circulation
kiln, a number of forced-circulation compartment
Lilns have been developed that differ mainly in
the arrangement of fans or blowers. Forced-
circulation compartment kilns, on this basis, are
of two general types—external-blower and inter-
nal-fan.

External-Blower Kilns—Some types of exter-
nal-blower compartment kilns are shown in fig-
ures 9, 10, and 11. In the type shown in figure 9,
the air ducts are located below track level and
run the length of the kiln. There are two return-
air ducts, one on each side of a supply duct. A
blower located at one end of the kiln blows the
air through the heating coils and into the supply

Fieure 9.—External-blower, single-track, compartment kiln with A-shaped flue in the load.

duct located directly under the center of the
loads of lumber. Along the top of this supply
duct is a series of slots with adjustable air scoops
that pick up the air and direct it through the slots
and thence into an A-shaped flue built into each
load of lumber.

From this A flue, the air moves outward to
each side of the load, then downward. Most of
the air leaving the load of lumbev enters the
return-air ducts through slots, while the rest 1s
drawn under the load and mixed with the air
being blown into the A flue from the supply
duct. The air that enters the return-air ducts
travels back to the blower and coils to be re-
heated and again blown into the kiln. The top
of the A flue in each load of lumber is closed to
prevent the air from short circuiting over the
loads.

Hot, moist air is expelled from the kiln through
roof vents, while fresh air enters the kiln through
doors in the blower housing. Steam spray is -
jected into the kiln to maintain the desired wet-
bulb temperature. The steam sprays are usually
located in the return-air ducts between the heat-
ing coils and the blower.

ZM-59501—F

Air moves through the

load in only one direction during the drying period. Throu ir i i
’ . ghout the structure, air is under sligh essure ;
hence structure can be vented on the leaving-air side of the load or on the low-pressure side o?f ihgli\ﬁf&fr’.
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Ficure 10.—External-blower, double-track, compartment dry kiln with A-shaped flues in the loads. Air circulates in
same direction at all times. Vent is located in entering-air supply duct.

In the type of double-track blower kiln shown
in figure 10, the blower is located below track
level at the end of the kiln. There are two sup-
ply ducts and three return-air ducts. The center
return-air duct 1s sealed near the blower end of
the kiln so that the returning air in this duct
travels to the opposite end of the kiln and returns
to the blower through the two return-air ducts
located on either side of the kiln.

The blower forces air into a main supply duct,
which is divided just inside the kiln 1nto two
ducts that run under the center of each track.
Along the tops of these ducts are entering-air
ports. The air is blown upward through these
ports into an A flue built into each load, moves
across the load, and then downward through
slots in the floor to the return-air ducts. Only
part of the air leaving the load enters the return-
air ducts; the rest 1s drawn under the load,
mixed with the air entering the A flues from the
entering-air ports, and recirculated through the
lumber. The air in the return ducts passes
through heating units, then through the blower,
and back into the main supply duct. The amount
of air coming from the entering-air ports is regu-
lated by adjusting a relief air slot located at the
closed end of the supply ducts.

Hot, moist air is discharged from the kiln
through an adjustable vent damper located on
the floor of the main supply duct. Fresh-air
openings are located in the blower housing.
Steam spray 1s injected into the kiln, when re-

quired, through nozzles located in the blower
housing on the low-pressure side of the blower.

A trackless type of external-blower compart-
ment kiln is shown in figure 11. The packages
of lumber are loaded into the kiln with a fork-
lift truck. A space of 12 to 18 inches is left be-
tween the tiers of packages. The blower is lo-
cated at one end of the kiln above the drying
compartment. Heat and spray units are locate
in the blower housing. A main supply-air duct
connected to the blower is located between the
top of the drying compartment and the kiln roof.
Transverse supply-air ducts are connected to the
bottom of the main supply-air duct directly over
alternate spaces between the tiers of packages.
Return-air ducts, which connect to the blower,
are located in the kiln walls.

The heated air moves from the blower through
the main supply-air duct, and is discharged
through nozzles downward into the space between
alternate tiers of packages. From this space the
air moves across the boards of the stickered pack-
ages. It then passes into the return-air ducts in
the walls and back to the blower, to be reheated
and blown back into the kiln.

Internal-Fan Kilns—Fans of internal-fan com-
partment kilns can be placed in various locations
in relation to the kiln charge (fig. 12). When
natural-circulation kilns are remodeled, the fans
are usually placed in the pit below track level.
Most new kilns, however, are built with overhead
fans.
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Fisure 11.—External-blower compartment kiln loaded with packaged lumber arranged in tiers. Heated air enters the

chamber through nozzles in ceiling.
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FieUreE 12.—Some plans for location of fans above, below, or alongside lumber charges in internal-fan kilns.

Internal-fan kilns with direct-connected fan
motors are shown in figures 13, 14, and 15. Fig-
ure 13 shows a cross-piled, direct-connected, in-
ternal-fan, reversible-circulation kiln, the fans of
which are located below track level. This design
is frequently used when cross-piled, natural-cir-
culation kilns are remodeled. A solid floor is
constructed over the fans and the coils between
the outside rails. Catwalks, gratings of metal or
wood, are usually installed between the outside
rails and the walls.

Air is blown across the heating coils, which
extend the full length of the kiln. It then moves
upward through the catwalk into the space be-
tween the kiln wall and the ends of the loads of

lumber. Ceiling baffles prevent the air from
short circuiting over the tops of the loads. The
boards in each course of lumber should be placed
at least 2 inches apart, so that the air can move
through the load. A steam spray line usually
extends the length of the kiln below track level.
Roof vents permit hot, moist air to leave the kiln
and cool, dry air to enter. Kiln conditions usu-
ally are automatically controlled. Circulation
can be reversed manually or automatically by
means of switches that change the direction of
rotation of the fans.

The kiln shown in figure 14 is a double-track,
internal-fan, reversible-circulation kiln with end-
piled loads. The fans and coils are above the
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ZM—-59505—F
FigUrRe 13—Compartment kiln with internal fans directly connected to individual motors. Open-piled loads placed
crosswise in kiln. Air flows against stickers and through spaces between edges of boards. Vent on high-pressure
side of fan becomes fresh-air inlet when direction of circulation is reversed.

AIR MOTOR FOR AUTOMATIC
VENTILATION AND HUMIDITY

CONTROL \
| AUTOMATIC

VENTILATORS

_ STEAM
SPRAY LINE

HEATING
CaiL

CONTROL BULBS

HINGED BAFFLE

M—105906—F

Figure 14.—Double-track compartment kiln with internal fans directl
: y connected to motors. Lumber pil
loaded endwise, and boards are stacked edge to edge. Air flows parallel to stickers. pres are

556315 0—61——3
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FicURE 15.—Package-loaded compartment dry kiln with internal fans directly connected to motors.

loads. Hinged baflles prevent the air from short
circuiting over the top of the loads, and walkways
or baffles on the kiln floor prevent short circuiting
under the loads. The air moves through the
heating coils, which extend the length of the
kiln, and then downward in the space between
the kiln wall and the load. It then moves across
the loads and upward to return to the fans. The
illustration shows booster coils located between
the tracks to raise the temperature of the air
after it has passed through the first track load
of lumber. A steam spray line extending the
length of the kiln is also shown. Hot, moist air
leaves the kiln and cool, dry air enters it through
the roof vents. Kiln conditions usually are auto-
matically controlled.

A package-loaded, trackless Filn with direct-
connected internal fans and reversible circulation
is shown in figure 15. This kiln operates in the
same way as the internal-fan, end-piled kiln
shown in figure 14. Baflles that extend from the
bottom to the top of the drying chamber on each
wall are needed to prevent the short circuiting

of air past the ends of the packages. Baffles are
also required between the false ceiling (fan
floor) and the top of the lumber charge.

Short-shaft, internal-fan kilns have shafts of
varying lengths connecting the fans to the motors,
which are located outside the kiln. The motors
can be connected directly or with belts to the
fan shafts. The fans can be located alongside,
above, or below the loads. Baffles prevent the
air from short circuiting around the loads. Kiln
conditions usually are automatically controlled.

A short-shaft, internal-fan kiln design is illus-
trated in figure 16. The heating system is an
ordinary house furnace using gas, oil, coal, or
wood for fuel. The fans in this kiln should not
be reversed.

A double-track, long-shaft, internal-fan kiln
with reversible circulation is shown in figure 17.
It has alternate right-hand and left-hand fans
mounted on the shaft. This arrangement, to-
gether with the fan baffles, forces the air across
the kiln and prevents lengthwise drifting. Baf-
fles between the fan floor and the top of the load,
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Ficure 16.—Internal-fan, short-shaft, end-piled compartment kiln with furnace for heating air.
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Fieure 17.—Long-shaft, double-track, compartment kiln with alternately opposing internal fans.
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together with a combination walkway and baflle
on the kiln floor, prevent the air from short cir-
cuiting below and above the loads. Roof venti-
lators permit hot, moist air to escape from the
kiln, and cold, dry air to enter it. IKiln condi-
tions usually are automatically controlled. A
spray line supplies steam for control of relative
humidity, and a booster coil reduces the tempera-
ture drop between the two tracks of lumber.

A package-loaded, trackless kiln of the long-
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shaft, internal-fan, reversible-circulation type is
shown in figure 18. The fan-bafling system is
the same as that used in the double-track, long-
shaft kiln shown in figure 17.

Progressive Kilns

Like compartment kilns, progressive kilns can
be classified into two broad types, natural-circu-
lation and forced-circulation kilns.

|

I

Il

I

M—106138—F

Fieure 18.—Loading a trackless compartment kiln with packages of lumber.
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Natural-Circulation Progressive Kilns

The heating system in natural-circulation pro-
gressive kilns is designed to produce higher dry-
ulb temperatures at the dry end of the chamber
than at the green end (fig. 19). Fresh air enters
the kiln through a duct located on the floor of the
pit at the dry end. It rises through the heating
coils and moves upward through flues or openings
in the loads of lumber in the dry end of the kiln.
The air then moves along the tops of the loads
of lumber toward the green end, flows downward
through the loads into the pit, and then returns
to the dry end of the kiln to begin a new cycle.
Moisture is added to the kiln atmosphere, when
necessary, by means of steam sprays. The hot,
moist air is expelled from the kiln through venti-
lators. These kilns are designed for both cross-
piled and end-piled loads.

Forced-Circulation Progressive Kilns

Fans or blowers are used to circulate heated
air through the loads in forced-circulation pro-
gressive kilns.

Eaternal-Blower Kiln—A progressive kiln of
the external-blower type, sometimes called a
“wind-tunnel” dryer, is shown in figure 20. In
this kiln, air is moved through a heating coil

33

and blown into the dry end of the chamber by
an external blower. The air travels the entire
length of the chamber, becoming cooler as it
passes through the loads of lumber, and is dis-
charged from the kiln at the green end of the
chamber. TLoads of cross-piled lumber pl'o%'ress
from the green end to the dry end of the kiln.
When dry, they are removed from the kiln on a
transfer way. The air is prevented from short
circuiting around the loads of lumber by hinged
or canvas baflles suspended from the ceiling and
swung in from both walls.

Internal-Fan Kilns—Internal-fan, progressive
kilns are usually similar to the internal-fan com-
partment kiln shown in figure 17. To be op-
erated progressively, the internal-fan kiln must
have split heating systems so that the tempera-
ture m each zone can be controlled independ-
ently. The temperature at the green end is held
lower than that at the dry end.

General Construction Features

Dry kilns are constructed of many different
kinds of materials (2),' including wood, brick,
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Vent is located at loading (green) end of

the kiln and the fresh-air inlet at unloading (dry) end on pit floor.
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Figure 20.—External-blower progressive kiln with cross-piled loads.
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FTRANSFER Wayr

ZM~105911~F
Air drawn into heater from the outside is

blown through the loads of lumber. Cool, moist air is discharged at the green end of the dryer.

tile, concrete, cement blocks with gravel or light-
weight aggregate, asbestos-cement boards, and
sheet metal. Kiln size varies considerably. Most
kilns are large enough to accommodate single-
or double-loading tracks; some have as many as
four tracks. In general, the height of a kiln with
underload fans 1s about 12 feet from track level
to ceiling. Kilns equipped with overload fans
are about 17 feet high from track to ceiling.
Trackless, package-loaded kilns may have a dry-
ing chamber as high as 28 feet.

The width of a kiln depends primarily on the
number of tracks installed and the method used
to pile the lumber. A single-track kiln with
end-piled lumber is usually 12 to 16 feet wide,
while a single-track kiln with cross-piled lumber
is generally 18 to 22 feet wide. Kilns for end-
piled lumber are usually built about 10 feet
wider for each additional track. Package-loaded,
trackless kilns may be as wide as 38 feet. Kiln
lengths may range from 20 to 225 feet.

Heat is usually supplied by heat exchangers,
such as steam colls, unit heaters, or smoke pipes.
In kilns of the forced-circulation type, the heat-
ing systems may be above the loads, below the
track level, or on the side of the kiln, depend-
ing upon the location of the fans or blowers.
In natural-circulation kilns the heating system
must always be located below track level.

Kilns in which heating coils and fans are be-
low the tracks usually are constructed with the
tracks about 4 to 6 feet above the pit floor,
depending on the size of the fans and coils. The
floor must be high enough above grade level

to prevent water from seeping into the kiln and
interfering with wet-bulb temperature control;
kilns built on low ground near a body of water
are especially exposed to this hazard. The con-
trol or instrument room is usually attached to
one end or wall, below track level. If the fan
or blower motors are located outside the kiln,
they also are generally housed in this room.

If the coils and fans are located above the
load, the control room is frequently built at one
end of the kiln on the level of the fan and heat-
ing compartment.

Most kilns are constructed with ventilators to
expel hot, moist air and draw in cool air. The
ventilators are generally located on the roof, but
in some external-blower kilns a ventilator stack
and a fresh-air intake are attached to the blower
housing. Ventilators can be either manually or
automatically operated.

A kiln may be built with doors at one or both
ends, or on one side, depending on which lay-
out is most convenient for handling the lumber.
When the doors are located at both ends, the
tracks are usually installed with a slight down-
grade from the front (loading) to the back (un-
loading) end, so that the trucks can be moved
more easily. This is especially important when
trucks are moved by manpower.

Heating System

Heat is required in a dry kiln for four pur-
poses: (1) to warm the wood and the water in
the wood; (2) to evaporate moisture from the
wood; (3) to warm the fresh air entering the
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kiln; and (4) to replace the heat lost by radia-
tion through the kiln structure. Sources of heat
are of two general classes—direct and indirect.

Direct Heating—In direct-heated kilns the
hot gases produced by burning gas, oil, saw-
dust, or other fuels are mixed with the air that
is circulated through the loads of lumber. In
some divect-heated kilns, these products are
forced into ducts and then discharged into the
drying chamber. In other types of direct-heated
kilns, the open flames of gas or oil burners heat
metal radiating surfaces (heat exchangers). Fans
mounted directly over the heat exchanger move
the hot air through the loads of lumber (fig. 21).

Indirect Heating—In indirect-heated kilns
various sources of heat—hot gases and air, elec-
tricity, and steam—are used. The heat exchang-
ers can be located either inside or outside the
drying chamber. The exchangers, in turn, heat
the air being circulated through the loads of
lumber.

Steam is commonly used at varlous pressures
as a source of heat in dry kilns. Since the tem-
perature of steam varies with its pressure, more
radiating surface is required to obtain a given
temperature if the kiln 1s operated at low steam
pressures than if it is operated at high steam
pressures.
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Radiating Surfaces

Several types of radiating surfaces are used
in dry kilns, including pipe coils, unit heaters,
hot gas pipes, and electric strip heaters.

Pipe coils used in steam-heated kilns are of
several types—plain-header coils, single-return-
bend header coils, multiple-return-bend header
coils, booster coils, and ceiling coils.

The plain header coils, both horizontal and
vertical (fig. 22), ave frequently used as heat-
ing units. They may be of any length, although
short coils are more eflicient and produce more
uniform temperatures along their length than
do long coils. They consist of varying num-
bers (runs) of pipe connected directly to a feed
header at one end and attached to short springer
pipes at the other end. The springer pipes are
in turn connected to a drain header. The coil
pipes are usually from 1 to 2 inches in diameter
and the springer pipes are usually of smaller
diameter. This provides flexibility in the
springer section, so that unequal thermal expan-
sion of the runs will not crack the headers.
The coils should be installed with a downward
pitch from the feed header to the springer sec-
tion. The pitch usually varies from 15 to 1
inch per foot of coil length. depending upon
the steam pressure used and the space available
for the colls.
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F1eure 21.—Double-track, end-piled, internal-fan compartment kiln heated directly with natural gas.
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F1GURE 22.—4, Horizontal, and B, vertical plain header coils.

The runs can be of either plain or fin-type
pipe. Fin pipe is plain pipe or copper tubing
equipped with thin metal strips or disks (fig. 23).
These fins increase the radiating surface of the
pipe about 5 to 8 times.

Header coils with a single-return bend (figs.
23 and 24) are highly eflicient if they are the
proper size to produce uniform temperatures
along their entire length. The feed and drain
headers are of various sizes, so that almost any
number of runs of pipe of either fin (fig. 23)

or plain (fig. 24) pipe can be used. Although
pipes vary 1n size, they generally are from 1
to 2 inches in diameter. The runs should pitch
downward from the feed to the return-bend
header and from the bend to the drain header
about 14 to 14 inch per foot of length, depend-
ing upon the steam pressure used and the coil
space available.

Vertical coils located between the tracks of a
multiple-track, end-piled, forced-circulation kiln
are called booster coils (figs. 14 and 17). As the

zM—108142—F

Ficure 23.—Heating coil made with fin pipe.
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FicURe 24.—Horizontal single-return-bend header coils: A, Header coil fitted with 180° return-bend elbows; B, coil
fitted with 90° elbows and connecting nipples.

term “booster” implies, these coils raise the tem-
perature of the air after it has passed through
a trackload of lumber.

Unit heaters are generally used where concen-
trated radiation is desired. They are made up
of rather small-diameter fin pipe running ver-
tically or horizontally. They are generally used
i{l}lnblower-type kilns and in some internal-fan

ilns.

Metal pipes of various diamefers, usually
larger than coil pipes, are used to carry the
products of combustion from burners or fur-
naces into or through the drying chamber.

Strip heaters are used in electrically heated
kilns. They are of various sizes and are so lo-
cated that heat is distributed uniformly through-
out the kiln.

Steam Traps and Control Valves

Steam traps and control valves are used to con-
serve steam and regulate its flow into heating

coils.

Steam Traps—As steam loses heat, it con-
denses and forms water. If this condensate is
allowed to remain in the coils, they become
waterlogged and cause nonuniform temperatures.
Therefore, the condensate must be removed as
fast as it collects. Automatic valves called steam

traps are installed in the drain lines to remove
condensate without loss of steam. Another func-
tion of steam traps is to release trapped air
mixed with the steam. Steam traps should be
installed below the coils. A bypass line around
the trap allows removal for repair or replace-
ment without shutting off the coil. All coils
should be individually trapped to prevent the
condensate from short circuiting from one coil
to another. The return line to the boiler must
be large enough to handle peak loads of con-
densate.

Steam traps generally used on dry kilns are of
three types: thermostatie, gravity, and impulse.

A typical thermostatic trap is shown in figure
25. K bellows that expands or contracts with
changes in temperature is attached to a valve
stem and valve. As the bellows expands or con-
tracts, it closes or opens this valve. When the
heating system is first turned on, the coils and
trap are cold and contain air and water. At
this point, the bellows are contracted and the
valve is open. As steam enters the heating sys-
tem, it displaces the water and air and forces
them through the open valve. When all the air
and water have been discharged, the trap is filled
with live steam. By then the trap temperature
has increased enough to cause the bellows to ex-
pand, closing the valve and preventing loss of
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Fioure 25.—Thermostatically controlled steam trap.

steam through the trap outlet. After the valve
is closed, condensate again begins to accumulate
and cool the bellows. This contracts the bellows
enough to open the discharge valve, and the cycle
is repeated.

The gravity-type traps often used on dry-kiln
heating systems are of open-bucket or inverted-
bucket design. An inverted-bucket type of
gravity trap is shown in figure 26. As steam
condenses in the heating system, the condensate
flows into the trap. When the trap is filled, the
condensate discharges through the outlet pipe.
As soon as the system is free of condensate,
steam enters the inverted bucket. The pressure
of steam causes the bucket to rise against the
valve arm until the valve closes the discharge
port. Air trapped in the bucket escapes through
a vent at the top of the bucket and accumulates
in the top of the trap. Condensate again be-
gins to flow into the trap, displacing the steam
in the bucket. This reduces the buoyancy of the
bucket until it again rests on the bottom of the
trap. The discharge valve then opens and allows
the condensate to be discharged. Since the air

TEST OUTLET~, e OUTLET

FULCRUM FOINTS-

t—AIR VENT

'-l BUCKET

MLW;}'

| —8UCKET werGHT
LINLET

ZM—60331-F
F1qure 26.—Inverted-bucket steam trap.

in the top of the trap escapes before the conden-
sate does, air binding is kept to a minimum.

An open-bucket (open-top float) trap is shown
in figure 27. When condensate enters the trap,
it, together with any scale or dirt it contains,
is diverted downward by the splash plate into
the bottom of the trap. As condensate accumu-
lates in the lower part of the trap, the bucket
is floated upward until the valve contacts the
valve seat. The condensate eventually overflows
into the bucket. The bucket loses buoyancy and
begins to sink, allowing more condensate to flow
into it. As the bucket sinks, the projection on
the guide post is lowered until it contacts the
collar at the bottom of the valve stem, pulling
the valve clear of the valve seat. Condensate is
discharged from the discharge tube through the
valve opening and trap discharge outlet.

When the weight of condensate in the bucket
is reduced sufficiently, the bucket rises, seating
the valve firmly aganst the valve seat, and the
flow of condensate from the trap is stopped.
Since the valve is closed while the discharge tube
is still full of condensate, the valve is water
sealed while closed, and cannot blow live steam.
Condensate again flows into the trap, and the
cycle is repeated. A thermostatic air vent, when
open, permits air to escape from the trap without
loss of steam.

A trap of the impulse type is shown in figure
98. The flow of condensate through this trap
is controlled by differences in pressure between
the inlet chamber and the control chamber. When
the steam is off and the trap is filled with air,
the pressure is the same in the inlet as in the
control chamber, and the control valve rests
firmly against the valve seat. When condensate
enters the trap, the pressure in the inlet cham-
ber becomes greater than that in the control cham-
ber. The pressure on the under side of the con-
trol disk lifts the control valve free of the valve
seat, and air and condensate pass through the
valve opening into the discharge line.

The control cylinder has a reverse taper that
adjusts the flow of condensate around the control
disk and into the control chamber, until the
pressures above and below the disk are balanced.
Then the temperature of the condensate increases
because of the hot steam behind it. The hot
condensate entering the lower pressure control
chamber flashes into steam, which increases in
volume and retards the flow of condensate
through the control-valve orifice. When the
downward pressure on the upper surface of the
valve and valve disk exceeds the upward pres-
sure on the rim of the valve disk, the valve is
forced downward, shutting off the flow of con-
densate through the main orifice. The tempera-
ture in the control chamber then drops, and the
cycle is repeated.
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Fi1gURE 27.—Open-bucket steam trap.

Control Valves—Both manually and automat-
ically operated valves are used to control the
flow of steam into the coils. Pressure regulators
and reducing valves are also used to control the
pressure of the steam.

Hand valves of the globe type are usually in-
stalled on the feed and drain lines of the heating
colls. The hand valves on the feed lines are in-
stalled between the automatically operated valves
and the heating coils in automatically controlled
kilns. In manually controlled kilns, they are
installed between the main feed line and the heat-
ing coils. Hand valves in the drain lines are in-
stalled between the coils and the traps. Addi-
tional hand valves are also installed in the by-
pass line around the traps and sometimes in the
return lines to the boiler room. These hand
valves should be either wide open or tightly
closed.

Pressure-reducing valves or regulators should
be installed in the main feed line between the
boiler and the kiln. Several reducing valves
may be needed in a large battery of kilns to
compensate for pressure drops in the main feed
line. Valves of this type prevent the pressure
from going above a set maximum. A pressure

gage should be installed on the low-pressure side
of the reducing valve. An automatic pressure
regulator of a type used on dry kilns is shown
in figure 29.

Automatic valves, operated by compressed air
or electricity, are recommended for control of
drying conditions in a kiln. They are part of
the automatic control system and, in steam-heated
kilns, are mstalled between the main steam-sup-
ply line and the heating coils and between the
main line and the steam-spray lines. A steam
piping arrangement for a dry kiln is shown in
figure 30.

Spraying Systems

Steam or water sprays are commonly used as
a means of humidification in the dry kiln to con-
trol the wet-bulb temperatures during the dry-
ing, equalizing, and conditioning stages of the
seasoning operation.

Steam Sprays.—Steam-spray lines are usually
installed in steam-heated kilns and sometimes in
furnace-type kilns. As a rule, the spray lines
are made of plain pipe along which spray holes
or jets are spaced. The spray lines may extend
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F1cure 28.—Impulse steam trap.

the length of the kiln, they may run across the
kiln, or they may be located in the housing of
external blowers. They are usually located near
the fans or blower, so that the spray is mixed
with the circulating air before 1t reaches the
lumber. In natural-circulation kilns, the spray
lines are usually located below track level. Steam
should never spray directly on lumber, heating
coils, rails, or fans. Wet steam at low pres-
sures is more satisfactory than dry steam for
control purposes.

Water Sprays—In plants that do not have a
source of steam for wet-bulb temperature con-
trol, water sprays are sometimes used for hu-
midification. The water should be injected into
the kiln in the form of a fine mist. Usually the
mist is vaporized by spraying it directly onto
the heat exchangers. In some kilns, water sprays
are used In conjunction with steam sprays.

Venting Systems

Some means of removing excess moisture from
a kiln is necessary to obtain the desired wet-
bulb depression during drying. This is accom-

plished by means of vents and fresh-air intakes.
The size and number of openings required de-
pends upon the material being dried (4). More
venting will be required for fast-drying woods
of high moisture content than for slow-drying
woods of low moisture content. It is better to
provide too much venting area than not enough,
since the amount of venting can be reduced by
adjusting the vent dampers or caps. Although
venting can be controlled manually, automatic
control is preferred.

Venting Natural-Circulation. Kilns—In natu-
ral-circulation kilns, the hot, moist air is vented
through roof or wall vents (fig. 8, p. 24). Shd-
ing dampers control the amount of venting
through wall vents, and vent caps control roof
venting. Fresh-air ducts, located as shown in
figure 8, are also required. The amount of fresh
air entering the kiln can be controlled by open-
ing or closing the fresh-air doors. In old natu-
ral-circulation kilns of the progressive type, the
vents are usually located at the green or loading
end of the kiln (fig. 19, p. 33), but on newer
kilns of this type they are spaced along the
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GURE 29.—A, Air-operated steam-pressure regulator; B, pressure-control valve on steam line
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Ficure 30. —\Ianual and, at right, automatic air-operated valves on steam piping for dry kiln.

ZM~108143—F
Copper air tubes are

attached to the diaphragm heads of automatic valves.

length of the drying chamber, as in compartment
kilns.

Venting Forced-Circulation Kilns—In forced-
circulation kilns, hot, moist air is exhausted
through vents located on the high-pressure side
of the fans or blower, while fresh air enters the
kiln through openings on the low-pressure side.
For the best and most economical operation at
any one time, both the intake and exhaust vents
should be either open or closed. In some in-
ternal-fan kilns the vents are located on the
roofs, one line of vents being on each side of the
kiln (fig. 14, p. 29). Long shaft, internal-fan
kilns with the fans above the loads usually have
the vents installed directly over the fan shaft
(fig. 17, p. 31). If additional venting is needed,
manually opemted auxiliary vents can be in-
stalled (fig. 31).

In external-blower kilng, the vents can be lo-
cated in the blower housing, in the floor of the
supply duct (fig. 10, p. 26), or on the roof (fig.
9, p. 25). Fresh air usually enters blower kilns
through fresh-air doors located in the blower
housing on the low-pressure side of the blower
(figs. 9 and 10).

Air-Circulation Systems

Air can be circulated in dry kilns by natural
or mechanical means. The air velocities through
the loads in natural-circulation kilns are IOJW,

usually less than 30 feet per minute. In forced-
circulation kilns, the air velocities may vary
from 70 to 400 feet per minute, depending upon
the type, size, speed, number, and location of the
blowers or fans. Generally speaking, the higher
the air velocity through the load, the faster will
be the drying (3). Tn most forced- circulation,
internal-fan kilns, and in some external-blower
kilns, the direction of air circulation can be re-
versed manually or automatically. Some kilns
are equipped with variable-speed fan motors to
vary the velocity of the air passing through the
loads of lumber.

Natural-Circulation Kilns.—In natural-circu-
lation kilns, air movement depends on the fact
that warm air rises and cool air falls. To take
advantage of natural air movement, the heating
system in a natural-circulation kiln must be prop-
erly designed and located.

The he‘ltll‘lo‘ coils in mnatural-circulation kilns
should be located about 11/, feet below track level,
and about the same distance above the pit floor
Usually one or more coils are placed on each
side of the kiln, directly below the space between
the kiln wall and the lumber. This space should
be at least 2 feet wide. Other coils are located
below the loads of lumber (fig. 8). A space of
at least 2 feet should be provided between the
top of the load and the ceiling of the kiln. Load
bafiles should not be insta]led, because they inter-
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of air-operated valve.

ZM~—105942-F
Ficure 31.—Roof vents on overhead long-shaft, internal-fan, compartment kiln. Vent linkage is connected to diaphragm

Row of auxiliary vents on side of roof is manually operated and opened only during

stages of kiln run, when the main roof vents are inadequate.

fere with air movement. Obstructions at track
level, such as solid floors or walks, will inter-
fere with air circulation. Walkways, if needed,
should be of the grating type.

Forced-Circulation Kilns—In forced-circula-
tion kilns, air is circulated by fans or blowers.
The air may be moved in any direction, depend-
ing upon the kiln type and method of loading.

Some types of external-blower compartment
kilns are shown in figures 9, 10, and 11. For
uniform delivery of air to the loads, the supply
ducts may be tapered or equipped with adjust-
able air scoops, or relief air slots (fig. 10). Ordi-
narily no baffles are required other than the clos-
ures at the top of the A flues. The space between
the side walls and the loads should be large enough
to permit unrestricted flow of air to the return-air
ducts without causing back pressures. To make
1t easier to inspect the lumber as it dries, and to
expedite removal of samples for examination and
welghing, it is recommended that this space be
not less than 18 inches wide.

The size and number of fans required in in-
ternal-fan compartment kilns will depend upon
the size of the kiln and the air velocities desired.
The plenum chambers should be wide enough so
that the static pressure built up in them is suffi-
clent to insure uniform air flow across the loads
from bottom to top. For best drying results,
the higher the loads, the wider should be the
plenum chamber.

When fans are located on the side of the kiln,
the distance between the fans and the loads should
be great enough to assure that the air is uni-
formly distributed over the sides of the loads.
Fan and load baflles should be so arranged that
all the air flows through the loads of lumber and
does not bypass them. Usually, baftles are placed
at the top and bottom of the loads (figs. 14 and
17). The air in the cross-piled, internal-fan kiln
shown in figure 13 moves against the stickers.
Therefore a space of at least 2 inches should be
left between the edges of all boards, so that the
air can move through the loads.

Usually the air mn a forced-circulation, pro-
gressive kiln is circulated by the same method
used in a compartment kiln. One type of pro-
gressive kiln (fig. 20, p. 34) has a large blower
or fan located at one end to force the air length-
wise through the drying chamber. In this kiln,
side and top baffles should be installed at each
truckload of lumber to cut down short circuiting
of the air.

Equipment To Control
Drying Conditions
Though drying conditions in a kiln are best

controlled by automatic equipment (7), manual
control is occasionally used.
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Automatic Control Equipment

Most dry kilns are equipped with instruments
(thermostats) that automatically control and re-
cord dry- and wet-bulb temperatures. Some
thermostats consist of control bulbs connected to
bellows or pressure springs by capillary tubes.
Changes in temperature at the control bulbs result
in pressure changes in the closed systems that
directly or indirectly actuate motor valves either
by air pressure or electrically. One motor valve
controls steam flow into the heating coils, an-
other controls the flow of steam or water used
for humidification, and a third controls the open-
ing and closing of the vents. In one type of
thermostat, the motor valves are indirectly actu-
ated by an electronic circuit.

The thermostat may control either the dry- or
the wet-bulb temperature. To control the wet-
bulb temperature. the bulb is provided with a
suitable wick and water supply. The control
bulbs should be so located in the kiln that they
are exposed to ample air circulation.

The direct-acting thermostat is called a self-
contained type, while the indirect-acting thermo-
stat is known as an auxiliary-operated type be-
cause 1t actuates a power relay to a motor valve
rather than directly controls a valve.

Self-Contained T hermostats.—Self-contained
thermostats combine in a single unit a valve and
a filled system consisting of the bulb, the capil-
lary connecting tube, and the motor valve. The
bulb of the tube system is placed in the kiln.
Temperature variations at the bulb change the
pressure inside the bulb, causing corresponding
pressure changes on a bellows diaphragm in the
motor valve. Movement of the diaphragm pro-
duces movement of the valve. The valve is usu-
ally balanced so that it moves easily. Constant
counter-pressure is provided by an adjustable
spring or sliding weight that tends to keep the
valve open. The instrument is set for desired
temperatures by changing the tension of the
spring or the position of the weight. The cor-
rect setting is a matter of judgment.

The principal advantages of the self-contained
thermostat are that no auxiliary source of power
is required for its operation, and its initial cost
is comparatively small. An important disadvan-
tage is its relatively slow response to changes in
temperature. In addition, fluctuations in the tem-
perature of the operating room where the motor
valve 1s located may upset the balance of the in-
strument and result in Incorrect tempeature con-
trol.

Auxiliary-Operated T hermostats—Auxiliary-
operated thermostats are made in a number of
different types and styles. Electricity or com-
pressed air is commonly used to power them.
Most auxiliary-operated thermostats in dry kiln
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service are air operated, and record as well as
control kiln temperatures; they are therefore
called recorder-controllers.

In these instruments the control bulb and capil-
lary tube are connected to a helical or other type
of pressure spring (fig. 32). Temperature
changes at the control bulb cause pressure
changes in the spring that expand or contract
it. This movement operates an air or electric
relay that regulates power to a motor valve on
the heat, spray, or vent system (fig. 33). It
also operates the recording pen.

Most recorder-controllers used in dry kilns are
equipped with a wet bulb and one or more dry
bulbs. In instruments with more than one dry
bulb, the bulbs may function either separately
or together in a single system. Instruments in
which the dry bulbs function separately are used
to control the temperature in kilns equipped with
split heating systems; these are usually called
niultizone controllers. When two dry bulbs are
connected to a common capillary tube that trans-
mits pressure changes te a single pressure spring,
the instrument is known as a dual-bulb con-
troller. Instruments of this type are used in
reversible-circulation kilns, with the dual dry
bulbs located directly opposite each other on each
side wall. Since the bulb on the entering-air side
is at the higher temperature, it will act as the
controlling bulb. It sometimes takes several min-
utes after the air circulation reverses for the
controlling bulb to become effective, because of
the time 1t takes for the pressure throughout
the system to become equalized. This lag in
control whenever the direction of air circula-
tion is reversed causes a slight break in an other-
wise sniooth temperature record. Figure 34
shows an installation layout for a two-zone, dnal-
bulb control system.

The electronic type of auxiliary-operated ther-
mostat controls and records temperatures by
means of thermocouples and an electronic poten-
tiometer. The electromotive force generated by
the effect of temperature on the thermocouples
located in the kiln is automatically balanced by
the instrument. The balancing mechanism is con-
tinuously receptive to changes in electromotive
force. Changes in the balancing mechanism
change the position of the recorder pen and
temperature indicator. Coupled to the record-
ing unit is the control unit which operates either
electric or air-actuated control valves.

The thermocouples are placed in different parts
of the kiln so temperatures can be easily read
at any location by means of a switching mecha-
nism. Control can be obtained in any desired
zone merely by switching to the thermocouple
located in that zone. A separate instrument with
a thermocouple, wick, and water supply is needed
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FicURE 32.—Schematic drawing of an auxiliary-operated thermostat.

to control and record the wet-bulb temperature
in the kiln.

Manual Control Equipment

Although automatic control of kiln-drying con-
ditions is desirable, manual control is possible.
For successful manual control of drying condi-
tions, the dry- and wet-bulb temperatures must
be known. If these temperatures differ from
those desired, the valves that regulate the flow
of steam and spray into the kiln must be ad-
Justed until the desired thermometer readings are
obtained.

Temperature-Measuring Devices—The tem-
perature-measuring devices used in dry kilns are
of two classes, indicating and recording. Glass-
stemmed indicating thermometers are frequently
used. The most satisfactory glass-stemmed ther-
mometers have the graduations etched on the

555315 0—61——4

stem. Figure 35 shows such a thermometer en-
cased in a metal sleeve that protects it—but also
causes it to be somewhat sluggish. Thermome-
ters with separate scales stamped on an attached
metal strip are not very satisfactory, since any
shifting of the strip with relation to the ther-
mometer tube will cause incorrect readings. An
indicating thermometer of the pressure-spring
type 1s shown in figure 36. The temperature at
the bulb, which is placed in the dry kiln, is in-
dicated by the needle on the gage.

Glass-stemmed thermometers of the maximum
type are also used to obtain dry-bulb tempera-
tures. Maximum thermometers show the high-
est temperature to which they have been ex-
posed and after each reading must be shaken
down like clinical thermometers. Care should
be taken, in using maximum thermometers, to
allow enough time for the mercury to reach a
peak temperature.
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F1eure 35.—Etched-glass thermometer in metal protecting case.

mechanisms of a recording thermometer. Pres-
sure changes produced in the bulb are transmit-
ted through the capillary tube to the pressure
spring. The pressure changes cause the free
outer end of the spring to move back and forth.
The movement is transmitted through the con-
necting link to the pen arm, which records the
temperature on the chart. The clock movement
rotates the chart.
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F16URE 37.——Pressure-spring recording thermometer: A, Clock; B, pressure spring; C, connecting link; D, pen arm;
E, chart; and F, capillary tube.



CHAPTER 3. AUXILIARY KILN EQUIPMENT

Certain auxiliary equipment is needed to op-
erate 2 dry kiln in the most economical manner
and to obtain good drying results. Drying
schedules based upon moisture content cannot
be successfully applied unless the moisture con-
tent of the stock is known. Therefore, equip-
ment should be available for determining the
moisture content of the stock. Equipment should
also be available for determining the tempera-
ture and velocity of air in the kiln in order to
maintain uniform conditions for fast drying.

Equipment for Determining
Moisture Content

Such items as balances, scales, drying ovens,
saws, and electric moisture meters are used in
determining the moisture content of wood. Dis-
tillation equipment is used for accurate deter-

mination of moisture content of woods that hold
relatively large amounts of oil.

Balances and Scales

Many types of balances and scales can be used
for determining the moisture content of wood.
Most types, if properly used, give quick and
sufficiently accurate results.

Triple-Beam Balance—One of the most com-
monly used types of balances for weighing small
moisture sections 1s the triple-beam balance
shown in figure 38. This balance has a central
beam and poise with a 100-gram capacity, a rear
beam of 10-gram capacity, and a front beam of
1-gram capacity. Auxiliary weights hung on the
end of the central beam increase the weighing
capacity. The maximum capacity of the bal-
ance shown is 1,111 grams. Its weighing accu-

F1cUurRE 38 —Triple-beam balance with auxiliary weights.

ZM-64322—F

49



50 AGRICULTURE HANDBOOK NO.

racy, when properly balanced, is within =+0.01
gram.

Pan-Type Balance—A pan-type balance, com-
monly called a torsion balance, is also used to
weigh small moisture sections (fig. 39). This
balance also has a weighing accuracy, when
properly adjusted, of +0.01 gram. Auxiliary
weights are used for weighing beyond the ca-
pacity of the beams. This balance, because of
the added manipulation of the loose weights, is
slower to use than one of the triple-beam type.

Self-Calculating Balance—~To calculate mois-
ture content, it is necessary to know the original
and the ovendry weight of the wood sections.
The loss in weight is divided by the ovendry
weight. Self-calculating balances, similar to the
one shown in the upper part of figure 40, have
been developed to speed up these calculations or
to eliminate them entirely. As shown in the
lower part of figure 40, the moisture readings
can be estimated to the nearest 0.5 percent when
the values are less than 10 percent, and to the
nearest 1.0 percent when the values are more
than 10 percent. A prescribed sequence of op-
erating steps, supplied by the manufacturer,
must be followed in carrying out a moisture
content determination with this balance.

Platform and Indicating Scales—Scales of the
platform type with a capacity of about 35 to 40
pounds are commonly used to weigh kiln sam-
ples (fig. 41). For simplifying moisture con-
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tent calculations, they should be graduated in
decimals of a pound rather than in ounces.
When a considerable number of kiln samples
are weighed daily, an indicating type of scale
(fig. 42) is useful, since the indicator can be
read directly to the nearest graduation, 1 gram
or 0.01 pound.

Self-Caleulating Scale~—Another type of scale
used to determine the daily or current moisture
content of kiln samples is the moisture guide
(fig. 43). It has a movable weight on the lo
arm of a graduated beam. Attached to the
short arm of the beam is a semicircular plate
graduated in terms of percentage of moisture
content. Above this plate is a movable indica-
tor arm with a hook.

If this moisture guide is to be used with rea-
sonable accuracy, certain procedures must be
followed :

(1) Immediately after the moisture content
sections have been cut and weighed, hang the
kiln sample from the hook on the movable in-
dicator arm, with the indicator set at zero. Move
the sliding weight on the long beam to a point
that brings the beam in balance. Record the
value of the balancing point on the kiln sample,
and place the sample 1 the kiln with the truck-
load of lumber it represents.

(2) Ovendry the moisture content sections to
constant weight and calculate their moisture con-
tent values.

ZM~84321-F

F1gure 39.—Pan or torsion balance with double beam and auxiliary weights.
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ZM—90343—F

FieUre 40.—Self-calculating moisture-content balance. Top, Triple-beam balance with special scale on specimen pan
used to calculate moisture content after ovendrying. Bottom, Specimen pan is carried on revolving indicator,
which, when properly used, indicates moisture content directly on scale.
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Fi1qure 42.—Indicating scale.

ZM—84323—F
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F1gURE 43.—Self-calculating scale or guide for determining moisture content of kiln samples.

(3) When the moisture content of the mois-
ture sections has been obtained, remove the sam-
ple from the kiln, hang it on the movable indi-
cator hook with the indicator set at zero, and
move the sliding weight on the long beam to
the setting determined in step 1. Then place
metal weights, such as washers or lead slugs, on
the end of the kiln sample until the long beam
balances.

(4) With added metal weights in place, set
the movable indicator arm to the moisture con-
tent value of the sections determined in step 2,
and move the sliding weight on the long beam
until balance is again obtained. Erase or cross
out the previously recorded value on the kiln
sample and record the new balance value. This
new value will be the setting of the sliding
weight on the long beam used for all subsequent
moisture determinations.

(5) Remove the metal weights from the sam-
ple. With the sliding weight set at the new
value obtained in step 4, move the indicator arm
until the long beam balances. The current mois-
ture content of the kiln sample can then be read
on the semicircular plate.

(6) Subsequent moisture content values of the
samples are obtained by setting the sliding
weight on the long beam at the new balance
value obtained in step 4, hanging the kiln sam-
ple on the movable indicator hook, and moving
the indicator arm until the long beam is bal-
anced. The current moisture content is read on
the semicircular plate.

Saws

Handsaws are not recommended for the cut-
ting of moisture sections. Table, swing, porta-
ble, and band saws are generally used. A band
saw (fig. 44) is particularly suitable for slotting
and slicing small sections for moisture-distribu-
tion and casehardening tests. Saws should be
sharp, properly set, and provided with suitable
safety devices.

Drying Ovens

Several kinds of ovens are used for the drying
of moisture sections. Drying ovens should be
large enough to provide adequate open spaces
between the sections of wood being dried. The
temperature of the oven should be controlled
with a thermostat or other means so it will not
rise above the desired setting (212° to 220° F.).
Excessive temperature will char the sections and
may also start fires. The oven should have ven-
tilators on the top or sides and bottom to allow
the evaporating moisture to escape.

Electrically Heated Ovens.—Ovens commonly
used in kiln-drying work are electrically heated
(fig. 45). Clean the contact points of the ther-
mostat from time to time to prevent them from
sticking. Check the thermostat setting when the
oven is empty, using a thermometer inserted in
the top of the oven. Some ovens contain fans
to circulate the air and speed up drying (fig.
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ZM—90101-F

FIiGURE 44.— Bandsaw being used to prepare kiln sample. A saw of this type is best suited for cutting casehardening
test specimens.
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ZM—115694—F

F1aURE 45.—Natural-circulation electric oven for drying moisture sections.

46). Ovens of this type are recommended if
large numbers of moisture sections are dried
continually.

Steam-Heated Owvens—Steam-heated drying
ovens are satisfactory if a suitable supply of
steam is continuously available. Ovens of this
type are usually homemade and may be equipped
for either natural- or forced-air circulation. The
temperature in the oven is usually regulated or

controlled by a reducing valve on the steam
feed line. The reducing valve is adjusted to
maintain the desired temperature in accordance
with a thermometer inserted through the top of
the oven. Set the temperature when the oven
is empty. Shelves for the moisture sections
should be made of perforated metal or large
mesh, heavy wire. Provide ventilators to remove
the moisture-laden air.



56 AGRICULTURE HANDBOOK NO.

188, U.S. DEPT. OF AGRICULTURE

— ol 2

ZM—90189~F

Figure 46.—Forced-air-circulation electric drying oven for drying large quantities of moisture sections.

Electric Moisture Meters

Electric moisture meters,! if properly used,
provide a rapid, convenient, and for most pur-

oses a sufficiently accurate means of determin-
Ing moisture content when it is less than 30 per-
cent. They are frequently used to segregate wet
from dry boards as a preliminary to kiln-drying
and to determine the moisture content of air- or
kiln-dried stock. Electrical moisture meters are
usually provided with temperature and species
correction data. There are two types of meters,
power loss and resistance.

Power-Loss-Type Moisture Meters—A mois-
ture meter of the power-loss type is shown in
figure 47. The surface-contact electrodes var
in design according to the material on whicl{
they are to be used. The instrument shown has
eight spring-cushioned contact points equally

1 JaMmES, W. L. ELECTRICAL MOISTURE METERS FOR WOOD.
U.S. Forest Serv. Forest Prod. Lab. Rpt. 1660. [Proc-
essed.] 1958.

>

ZM—§8262-F
Fieure 47.—A radio-frequency power-loss-type moisture
meter.
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spaced on the circumference of a circle. The
range of these meters is from 0 to about 25 per-
cent moisture content.

Resistance-Type Moisture Meters—The elec-
trodes of resistance-type moisture meters consist
of needles or contact pins that are driven into
the wood to be tested. The accurate range of
most meters of this type is between 7 and 25
percent moisture content, although some instru-
ments have scales that read above the fiber satu-
ration point. A meter of this type is shown in
figure 48. Special electrodes have been devel-
oped to be used with resistance-type meters for
measuring the moisture content of veneer and
thick lumber or poles. A two-pin electrode for
use on thick lumber, timbers, and poles is shown
in figure 49. This electrode is provided with a
depth-indicating scale. To determine the aver-
age moisture content of thick planks that have a
normal drying gradient, the pins are driven to a
depth that is about 20 percent or 14 of the thick-
ness of the item. To get an estimate of the aver-
age moisture content of a pole, the electrodes
are driven to about 15 percent of the pole diame-
ter at the location of the test. In another type of
two-pin electrode, the shanks of the pins are in-

Figure 48.—A resistance-type moisture meter.

sulated so that moisture-content readings can be
obtained on stock with a wet surface.

Distillation Equipment

Some woods contain a high percentage of
volatile compounds or have been impregnated
with oily preservatives. These volatiles will be
driven off in the ovendrying process, resulting in
an incorrect moisture-content value. Distillation
equipment should be used for determining the
moisture content of such woods.?

Equipment for Determining
Temperatures

It frequently becomes necessary to check tem-
peratures in a dry kiln to determine the causes
for nonuniform drying and the differences in
temperature between the areas around the con-
trol bulbs and other areas of the kiln. These
temperature measurements are usually made on
the entering-air side of the loads, although at

METHODS OF DETERMINING THE MOIS-
U.S. Forest Serv. Forest Prod.
1956.

*MeMiieN, J. M.
TURE CONTENT OF WOOD.
Lab. Rpt. 1649. [Processed]

ZM—86262—F
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F1cUrReE 49.—A special electrode connected to a resistance meter for making moisture tests on thick lumber, timbers,
and poles.

times leaving-air temperatures are simultane-
ously obtained so that the temperature drop
across the load can be determined. Etched-
stem glass thermometers, hygrometers, pressure-
spring thermometers, and thermoelectric ther-
mometers are used for this purpose.

Etched-Stem Thermometers

Mercury-in-glass thermometers with the tem-

perature scale etched on the glass stem are fre-
uently used to check dry kiln temperature. They

should be accurate to #=1° F. These thermome-
ters should be placed in the kiln at the locations
to be checked, and not moved when temperature
readings are taken. Obviously, it is necessary
for the kiln operator to go into the kiln to make
these temperature readings. If the wet-bulb
temperature is above 120°, he should wear pro-
tective clothing and a face mask to provide
cooled air.

The temperature survey of the kiln can be
quickly made 1f several thermometers are placed
at the different zones in the kiln where tempera-
ture checks are desired. The possibility of break-
ing glass thermometers is reduced by putting
them in metal sheaths (fig. 35, p. 47). The
sheathed thermometer is suitable for making dry-
bulb measurements, but 1f wet-bulb temperatures
are also being measured, the sheath must be re-
moved so that a wick can be applied directly over
the mercury well or bulb of the thermometer.

Sometimes dry kiln operators make hygrome-
ters out of etched-stem thermometers by mount-
ing them on a metal plate, frame, or other suit-
able support. A water cistern is also attached,
and the hygrometer 1s placed in the kiln where
1t 1s desired to check temperatures. Such a com-
bination is shown in figure 50, 4.

Maximum thermometers are also used for
checking kiln temperatures. By mounting two
maximum thermometers on a frame and supply-
g one with a wick and a water cistern (fig.
50, B), both the maximum wet- and dry-bulb
readings can be obtained.

Hygrometers

Hygrometers of the type shown in figure 51
are sometimes used to check kiln temperatures.
These hygrometers are cheaper than etched-stem
thermometers. There is always, however, the
possibility that the thermometers may move on
the metal graduated bases and so give inaccu-
rate temperature readings.

Pressure-Spring Thermometers

Pressure-spring thermometers, sometimes called
dial thermometers, are used to indicate or record
kiln temperatures. An indicating pressure-
spring thermometer is shown in figure 36. A
description of these thermometers and their op-
eration is given on page 47. The advantage of
the recording thermometer over the indicating
type 1s that a continuous record is made of the



DRY KILN OPERATOR'S MANUAL 59
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F1auRre 50.—A4, Wet- and dry-bulb hygrometer made from
two etched-stem glass thermometers; B, wet- and dry-
bulb hygrometer with maximum thermometer.
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F1eURE 51.—Wet- and dry-bulb hygrometer with
thermometer calibration on metal.

temperature conditions at the location of the
bulb. Sometimes the recording pressure-sprin
thermometer is used to check dry kiln contro
instruments or to record the temperatures in
parts of the dry kiln or duct systems other than
where the control-instrument bulbs are located.
The indicating or recording pressure-spring ther-
mometers can be obtained with various lengths
of capillary tubing. It is necessary to check
them for calibration occasionally.

Thermoelectric Thermometers

The thermoelectric thermometer used for meas-
uring kiln temperatures consists of a thermo-
couple, lead wires, and a potentiometer. The
thermocouple is usually made from copper and
copper-constantan wires that are soldered or fused
together to make the junction. Both wires act
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Fiaurg 52.—Method of attaching thermocouple cable to jack box and potentiometer.
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F1eure 53.—A4, A 50-foot thermocouple cable; B, section of a typical unit of main cable.

as lead wires back to the potentiometer. One of
the advantages of the thermoelectric thermome-
ter 1s that any number of thermocuples can be
installed in the dry kiln.

If several thermocouples are used, the wires are
run to a switchbox that is connected to the po-
tentiometer (fig. 52). With a thermocouple ca-
ble containing several lead wires the thermo-
couples can be installed rapidly and easily. A
50-foot cable with thermocouples spaced at 10-
foot intervals is shown in figure 53, 4 and B.
The wire size best suited for dry kiln work 1is
about 20 gage. Thermocouples should be shielded
from direct radiation.

An indicating potentiometer can be either por-
table or stationary. A portable type is shown
in figure 54. Recording-controlling potentiome-
ters are permanently mounted on a panel board
(fig. 55). The instrument can be switched to

ZM—86246—F

any thermocouple at any time to measure the F1cURE 54.—Portable potentiometer used for

temperature at that location. measuring temperatures.
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Fieure 55.—Indicating-recording and controlling potentiometer in dry kiln operating room.

Equipment for Determining
Air Movement

Since the direction and rate of air flow are
important in the operation of a dry kiln, means
of determining these factors are necessary. The
direction of flow may be determined by smoke
tests, while the rate may be measured by ane-
mometers.

Smoke-Making Devices

A special chemical smoke generator has been
devised for use in dry kilns (fig. 56). It con-

A

sists of two small bottles and a few pieces of
tubing. One bottle contains concentrated hydro-
chloric acid and the other strong ammonia water.
TWhen air is blown through the bottles, the fumes
of the two chemicals mix and produce a dense
smoke that drifts with the air current. The va-
por of titanium tetrachloride also produces a
fireless smoke when exposed to a current of air.
Caution: A mask and rubber gloves and apron
should be worn when handling these chemicals,
to avoid injury to the eyes, skin, or clothing.
The smoke of burning tobacco, punk sticks,
rope, or cloth is sometimes used to detect the di-

M OELES T
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ydrochloric
s Ammonra il

FI1GURE 56—A ‘smokemaking device for testing air circulation in dry kilns.

but to avoid bulkiness comparatively narrow ones are desirable.
Two pieces of bent-glass tubing, a cork, and a rubber tube
Short lengths of glass and rubber tubing may be used instead of the bent glass.

A box with handle makes a convenient container.
(A) complete the apparatus.

ZM—8482—-F

Almost any kind of bottles can be used,
Common ink bottles are shown in the drawing.

Air is blown by mouth through tube 4, so it should be long enough to allow the o ator
, v perator to hold the box at arm’
length. Some operators prefer to fit the end of the rubber tube with a syringe bulb, and this is almost a netcesrsr?t;

when a mask is worn.
5556315 0—61——5
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rection of air flow. The use of these materiais
1s not recommended. They produce only a small
quantity of smoke and embody a fire hazard.
Also, the smoke is hot and tends to rise; there-
fore the true direction of the circulation may not
be known until the smoke has cooled to the tem-
perature of the surrounding air.

Anemometers

Several types of anemometers are used to de-
termine the velocity of air in dry kilns. One
type (fig. 57) consists of a disk fan mounted on
pivot bearings and provided with a revolution
counter. It is customary to let the fan run for
several minutes and note the number of feet in-
dicated by the counter. The air-velocity meas-
urement in feet per minute is obtained by divid-
ing the number of feet indicated by the number
of minutes the fan has operated. If the fan is
not set perpendicular to the direction of air flow,
the reading may be less than 1t should be.

Another type of anemometer, called a hot-wire
air meter (fig. 58), is also used to determine air
velocities. The wire in the probe is heated with
electricity. The amount of cooling of the hot
wire is proportional to the velocity of the air.
Velocities are indicated directly on a scale cali-
brated in feet per minute.

In another type, the air enters the instrument
through a shutter, jet, or port, and velocity is
read directly in feet per minute on a dial. An
instrument of this type is shown in figure 59.

188, U.S. DEPT. OF AGRICULTURE
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ZM—86244~F
Fiaure 58.—Hot-wire air meter.

ZM—86248—F

Figure 57.—Fan-type anemometer.

ZM—86243—F
F1cure 59.—A type of air velocity meter.



CHAPTER 4. INSPECTION AND MAINTENANCE OF
DRY KILNS AND EQUIPMENT

Adequate kiln maintenance is as essential as  such items as the kiln structure; doors; tracks;
good design and construction are to efficient dry control equipment; heating, spraying, and vent-
kiln operation. It can only be accomplished  ing system; trucks; lumber-handling equipment;
through regular, frequent inspections of the kiln  and general housekeeping. To make sure that
and auxiliary equipment. If inspections reveal  inspections are thorough, the operator should
the necessity for repairs or replacements, they  use a checklist on which the condition of the
should be made as soon as possible to avoid many  kiln structure and the equipment can be noted.
seasoning difficulties. A checklist that can be made to fit any specific

Regular, systematic inspections should cover  kiln installation follows:

KILN INSPECTION CHECK LIST
(Where maintenance or replacement is recommended, indicate kiln number.)

I. AIR CIRCULATION SYSTEM

1. Fans and Motors, present condition: _ oo emmmmmmeeoo-
Condition of electrical connections and switehes: _ e mmmmm e — -

What maintenance or replacement is recommended: __ oo

2. Shaffs and bearings, Present CONAIGION: - - - - oo oo ieeeeees
Are motor and shaft bearings properly lubricated: __ oo

What maintenance or replacement is recommended: - o eeeeam oo

3. Fan baffles, present condition: - oo oo oo s
What maintenance or replacement is recommended: - . e ———moo

4. Load baffles, present conAitions --- oo oo oo oo oo
Can load baffles be improved: _ e emmeemmae

What maintenance or replacement is recommended: __ e emeeomen

S
Are air passageways open and unobstructed: _ _ _ .o

Could air movement be improved: _ _ _ _ e

What maintenance or replacement is recommended: ______ e

II. HEATING AND HUMIDIFYING SYSTEM 7 i
1. Feed lines and headers, present condition: _ _ _ _ e
Are they properly insulated: . e mmmm e mem

What maintenance or replacement is recommended: _ - _ _ _ oo

2. Heating coils, present condition: __ o e
Are all pipes open to full flow of steam: __ _ _ o o o mmem
Condition of SUPPOTtS: — - e
What maintenance or replacement is recommended: _ __ ool
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ITI. CONTROL SYSTEM

1. Recorder-controller, present condition: _____________
Is recorder-controller properly calibrated: - _____.
Are capillary tubes protected: .- ____________

188, U.S. DEPT. OF AGRICULTURE

Are bulbs properly located and mounted for accurate readings of kiln conditions: _______ . _______
What maintenance or replacement is recommended: . ...

2. Water supply

Is water supply line to wet bulb open: _____._____

Is drain line from water pan open: _____________

Is wet-bulb wick replaced regularly: _
What maintenance or replacement is recommended: -

3. Air supply

Is supply adequate, clean, and uninterrupted: ___
Is compressor in good condition: ____________.___

Are water and grease traps in good condition: __ _ oL
What maintenance or replacement is recommended: - L

1V. BUILDING

1. Doors, present condition: ____________ . _____._

What maintenance or replacement is recommended: _ .

2. Walls, present condition: ___ .. _____________.-
Is protective coating adequate: - ______________
What other maintenance is recommended: .______

Is protective coating adequate: - _ ______ .. _____
What other maintenance is recommended: ______

5. Rails and supports, present condition: __ oo
What maintenance or replacement is recommended: - - - L ememomeoo

V. GENERAL CONDITIONS OF YARD AND KILNS
Are yard tracks and transfer in good condition: __
Are kiln trucks in good condition: ______________

What maintenance or replacement is recommended: _ __ __ _____ _____________________________________._.

Are kilns and surrounding area neat and clean: __

The Kiln Structure

Dry kilns are relatively short-lived compared
to ordinary buildings, regardless of the materials
used in their construction. They not only have
to withstand weather but also extreme internal
variations in relative humidity and temperature
and frequently the corrosive action of vapors
coming from the woods being dried.

Generally the doors of o dry kiln are very
large. To make them serviceable, yet as light
as possible for easy handling, they are usually
constructed of lightweight materials with a mini-
mum of bracing.

Walls, Roofs, and Ceilings

Dry kilns can be constructed of many mate-
rials, such as wood, concrete, concrete blocks with
various types of aggregates, brick, tile, asbestos-
cement boards, and sheet metal. Combinations
of these materials are also used.! Wood 1s per-

1 TEESDALE, L. V. DRY KILN BUILDING MATERIALS AND

coNsTRUCTION. U.S. Forest Serv. Forest Prod. Lab. Rpt.
1646. [Processed.] 1956.

haps the cheapest material to use, and it has good
insulating qualities. However, it does shrink
and swell with changes in moisture content
caused by varying drying conditions, and this
eventually leads to splits in the wood members,
bad cracks at the joints, and loose boards. Wood
also deteriorates when exposed continuously to
high temperatures. These factors increase main-
tenance problems and reduce the life of wood
kilns much below that of kilns constructed of
other materials.

Other building materials also have disadvan-
tages. Their expansion and contraction due to
temperature changes cause cracks, and their poor
insulating and vapor resistance qualities lead to
excessive loss of heat and vapor. Tables 7 and 8
list coefficients of heat transmission for a number
of building materials.

Results of Poor Maintenance—Cracks will
eventually develop in walls, roofs, and ceilings
of permanent kiln structures. If cracks are not
sealed when small, they will increase in size,
which leads to excessive heat and vapor losses
and premature failure of the entire structure.
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TaBLE 7.—Coefficient of heat transmission for some common dry kiln wall constructions
WOOD FRAME WALLS

Outside Sheathing material Insulation Inside covering Coefficient of
covering transmission
1 siding__._| 2%s-inch shiplap____.___ None___ o _ooo___ 254 o-inch shiplap___________________ 0. 245
Beve Z____g____ __/_3_2_do _____ p_ _? _______ 2-inch blanket_________|_____ doo oo _ . 087
Doccee e doo o _____ 3%-inch blanket_______|_____ do_ o _____ . 057
Do___._.- 34-inch fiberboard._____ one.__.______________|--___ doo o . 191
Do L X 2-inch blanket_ __._____{_____ do- oo ____ . 080
Do joe_ do.______________ 3%-inch blanket_______|_ ____ do oo . 054
2% ,-inch shiplap.- .- .__ None______._._.______ %-inch cement asbestos board_______ . 320
Do_____.___ Y32 plap C
Dooceeo | L S 2-inch blanket__.______|_____ do_ o ______ . 095
Do |l do oo 3%-inch blanket_______|____. O oo __ . 061
CRIB WALLS
Crib or laminated wall, 6 inches thick, no covering______ SEEoEoEoE e e e e EEEEEEE SHS .. . 125
Crib or laminated wall, 6 inches thick, outside covered with drop siding__.____________________________ . 114
MASONRY WALLS
Poured concrete, 8-Inch - o . . o e e . 700
Poured concrete, 12-inch__ __ .. . 570
Concrete block, 12 inches thick, of gravel or crushed stone aggregate_________________________________ . 490
Concrete block, 12 inches thick, of cinder aggregate_ - _ o ________ . 380
Concrete block, 12 inches thick, of slag or burned-clay aggregate. . _________________________________ . 340
Brick wall, 13 inches thick _ .. . 360

Table 8 —Coefficient of heat transmission for a

number of structural combinations of dry
kiln roofs
Coefficient
Structural combination of trans-
mission

Roof sheathing, 234, inch and composition

roofing ______________________________ 0. 602
Roof sheathing, 1% inches and composition

roofing_______________________________ . 380
Roof sheathing, 255, inch, vapor barrier,

1%-inch sheathing, and composition roof-

Ing .. . 278
Roof sheathing, 25, inch, vapor barrier, 2

layers of %-inch fiberboard_____________ . 173
Ceiling, 2%, inch, 2-inch blanket insulation,

ventilated attic under roof______________ . 108
Ceiling, 2%, inch, 3%-inch blanket insula-

tion, ventilated attic under roof_________ . 065
Laminated or crib roof, 6 inches thick, and

composition roof . . ____________________ . 125
Lammateq or crib roof, 8 inches thick, and

composition roof - __________________ . 096
Concrete slab, 4 inches thick with gravel

aggregate composition roof ________ _____ 1.010
Concrete slab, 4 inches thick with gravel

aggregate, 2 layers of 3;-inch fiberboard

or 1)4-inch cork composition roofing_ _ ___ . 195
Concrete slab, 3 inches thick, expanded

slag aggregate, and composition roofing. _ . 530
Concrete slab, 6 inches thick, expanded

slag aggregate, and composition roofing_ _ . 326

orrugated asbestos-cement board, vapor

barrier, 5 inches vermiculite concrete (1

to 6 mixture), composition roofing_______ . 159

Large cracks may also cause cold zones in the
kiln that slow up drying and permit mold and
stain to develop in the Iumber located in those
zones. Excessively large holes are sometimes
made in the kiln structure for steam lines (fig.
60), from which there is an excessive loss of heat
and vapor. Lack of a suitable kiln paint on the
interior walls, ceiling, and metal items will lead
to corrosion of the metal, the rapid deterioration
of some kinds of mortar, and loss of heat and
vapor.

Corrective M easures—If corrective measures
are ‘taken promptly to maintain the kiln walls,
roofs, and ceilings, the repair and operating costs
will be reduced and the life of the kilu prolonged.
Some good maintenance practices for kiln struc-
tures are as follows:

(1) Regardless of the type of material of
which the kiln is constructed, coat the inside sur-
faces with a vapor- and corrosion-resistant mate-
rial before the kiln is used and whenever required
thereafter. Usually recoating is necessary each
year or two. Suitable coatings can be obtained
from dry kiln manufacturers.” Never put vapor-
resistant coatings on the exterior surfaces of dry
kilns, though a water-repellent coating can be
applied if desired.

2) As soon as possible, seal cracks that de-
velop in the structure as a result of repeated

2U.5. ForEST PropUCTS LABORATORY. LIST OF DRY KILN
MANUFACTUREKS AND CONSULTANTS IN THE UNITED STATES.

U.S. Forest Serv. Forest Prod. Lab. Rpt. 1031. [Proc-
essed.] 1955,
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F1cURE 60.—Excessively large hole cut through kiln wall for steam-feed lines.

expansion and contraction of the building mate-
rial. If the cracks are small, a coating of kiln
paint may be sufficient, but fill larger cracks with
mastic, mortar, or cement. Coat the mortar or
cement fillers with a kiln paint after they have
set.

(8) Cracks that develop because of settling of
the structure can be temporarily repaired in the
same manner as expansion and contraction cracks.
To reduce future maintenance costs, however, de-
termine the cause of the settling and correct it
as soon as possible.

(4) Openings in the kiln structure for steam
lines, tubing, fan shafts, and the like should be
as small as possible. Insert sleeves in the open-
ings, and plug the space not occupied by pipe
with mastic, asbestos, or similar material.

(5) Promptly caulk with a nonhardening filler
any open joints and splits that occur in wood
dry kilns. Refasten all loosened boards as soon
as possible.

S%) Use noncorrosive metal fastenings if pos-
sible.

(7) Immediately repair or replace supporting
members of the structure that fail.

Doors

Doors are usually the weakest and probably
the most troublesome part of a kiln structure.
They are often damaged when they are opened or

closed carelessly or when an improperly blocked
truckload of lumber rolls into them. It is diffi-
cult to make a large door that is strong, light-
weight, easy to handle, well insulated, and re-
sistant to corrosion. The special composition
doors now available have most of the desired
properties. Lightweight wood doors that are
properly designed have also proved fairly satis-
factory, although their life is usually shorter
than that of metal doors.

Results of Poor Maintenance—Doors, door
stops, hangers, rollers, and roller tracks that are
poorly maintained cause excessive losses of heat
and vapor and are difficult to open and close.
Lower temperatures occur near damaged or
poorly fitted doors, and drying is slower in that
zoned Neglect of doors and door equipment may
also create a hazard to workmen.

Corrective Measures.

(1) Immediately repair or replace damaged
door hangers, rollers, and roller tracks.

(2) Lubricate parts in accordance with the
manufacturer’s recommendations.

(3) Coat with a kiln paint inside faces of
doors that are likely to corrode, and recoat when-
ever necessary. Repair or replace badly cor-
roded doors.

3 RASMUSSEN, E. F. NEED FOR UNIFORMITY OF TEMPERA-
TURE IN A FORCED-AIR-CIRCULATION, VENTILATED, COMPART-
MENT DRY KILN, U.S. Forest Serv. Forest Prod. Lab.
Rpt. 1669. [Processed.] 1956,
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(4) Make poorly fitting doors tighter by at-
taching a strip of heavy felting, canvas, or spe-
cial rubber gasket to the door frame. Some
kinds of stripping material deteriorate rapidly,
and frequent replacement may be necessary.

(5) Block wheels of standing loaded kiln
trucks so that the trucks cannot roll into the
kiln door.

(6) Repair or replace damaged doors as soon
as possible. If repairs or replacements must be
delayed, install heavy canvas, thin plywood, or
other suitable material temporarily over the door

opening.

Floors

The floor in a dry kiln is ordinarily constructed
of lumber or concrete, though occasionally it
may be dirt, gravel, crushed stone, or sand. All
types of floors require maintenance.

Results of Poor Maintenance.—Poorly main-
tained floors increase the likelihood of accidents
and may result i nonuniform drying conditions
and damage to heating, humidifying, and air-
circulation systems located below track level.
Neglected floors may also result in loose rails or
weakened supports, causing loaded kiln trucks
to leave the track or tiers of packaged lumber to
collapse. Both may cause additional damage to
the kiln and be a work hazard to the men. If
the floors of pits constructed below ground level
in areas where the ground water table is high
are not kept in good condition, water may seep 1n.
If this occurs, the drying time will be extended
because of excessively high relative humidities.
Mold and stain may also develop on green lum-
ber in the initial stages of drying.

Corrective Measures.

(1) As soon as possible, seal bad cracks or holes
that develop in a floor built over underload fan
systems. This will prevent the forced air from
short circuiting the lumber being dried.

(2) Cover with gratings the openings in the
floor of a forced-circulation kiln that has fans
or ducts located below the loads of lumber.
Gratings prevent debris from falling into and
damaging the heating or air-circulating equip-
ment. They also provide a safe, substantial walk-
way for workers.

(3) The floors of kilns in areas where water
seepage is likely should be constructed of water-
proof material. Promptly seal all cracks devel-
oping 1n these floors.

(4) Cover dirt, gravel, or sand floors, particu-
larly in forced-air-circulation kilns, with lumber,
blacktop, or concrete to prevent abrasive material
from being blown into the loads of lumber, fans,
and fan motors. A lumber, blacktop, or concrete
covering is also easier to keep clean.

(5) As needed, paint all of the metal parts in
a floor with a corrosive-resistant paint.

(6) Replace badly corroded metal floors or
gratings, not only to insure better air circulation
through the loads of lumber but as a safety
measure.

Rails and Rail Supports

Generally, rails and rail supports in kilns with
fans or blowers located above or on the sides or
ends of the drying compartment do not give
much trouble, since the rails are usually well
supported and anchored. Weak rails or rail sup-
ports in natural-circulation kilns and in forced-
circulation kilns, where the fans or the air-supply
ducts are located below track level, may collapse
or spread under heavy loads.

Results of Poor Maintenance—Rails or rail
supports weakened by corrosion, or improperly
supported rails, eventually collapse under the
weight of the loads of lumber. This can seri-
ously damage kiln equipment, workmen may be
injured, and drying time will be lost. If rail
fastenings fail, the rails may spread, causing
similar damage.

Corrective deasures.

(1) Place additional supports under sagging
rails or adjacent to track supports that show
signs of failure.

(2) Immediately replace or tighten broken or
loose rail fastenings.

(3) Promptly realine spread rails and securely
fasten them to the rail supports.

(4) Leave a break in the rails under the doors,
to minimize rail corrosion caused by condensate
dripping from the doors.

(5) As needed, apply corrosive-resistant paints
to the rails, metal rail supports, and rail fas-
tenings.

(6) Replace rails or rail supports so badly cor-
roded as to be unsafe.

Recordjng-Controlling Instruments

Accurate control of both the dry- and wet-
bulb temperature is essential for efficient kiln
operation. The most common and the best
nmethod of control is by the use of automatic
recording-controlling instruments. While these
instruments are usually eflicient, they do at times
give trouble. Some of the trouble is associated
with improper location of the bulbs. Once the
bulbs are properly located, troubles may arise
from improper calibration, faulty flow of water
to the wet-bulb pan, and dirty wet-bulb wicks.
The efficiency of air-operated instruments may
be seriously impaired by oil, water, and dirt in
the compressed air.

Improperly Located Control Bulbs

Dry bulbs that are improperly located may
result in very high temperatures that increase
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seasoning losses, or in very low temperatures that
prolong the drying time and result in mold and
stain.#

In figure 61, the dry and wet bulbs are
mounted so close to the kiln wall that the circu-
lating air does not contact them properly, and
erratic control of drying conditions can be ex-
pected. For example, if the dry bulb is on a
wall adjoining a kiln that is operating at much
higher temperatures, the temperature at the bulb
may be higher than the set point on the control
instrument because of radiation of heat from the
wall. When that occurs, the actual kiln tem-
perature will be lower than the set point.

Improperly located control bulbs are also
shown in figures 62 and 63. The bulbs shown in
figure 62 are in a bypass duct near floor level,
between tracks in a double-track kiln. The dry
bulb is too close to the wet bulb, too close to one
side of the duct, and mounted parallel to the

4 See footnote 3, p. 66.

ZM—59895—F

Ficure 61.—Control bulbs mounted too close to kiln
wall.
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direction of air flow. Water from the wet-bulb
wick dampened the dry bulb and caused erratic
dry-bulb temperature control. The location of
the bulbs shown in figure 63 exposes them to
damage, and the planks at track level shield them
to some extent from the circulating air. Here
also the dry bulb was dampened because the
water supply to the porous sleeve covering the
wet bulb was excessive and the bulbs were too
close together.

Never locate the dry bulb directly below the
wet bulb. If the wet-bulb water pan were to
overflow, water would fall on the dry bulb.

A dry bulb may be improperly placed in rela-
tion to temperature differences within the kiln.
Only a small zone is measured and controlled by
each bulb. If considerable longitudinal or verti-
cal temperature differences persist after all prac-
tical measures to insure uniformity have been
taken, move the dry bulb to the hottest zone on
the entering air side of the load. If this cannot
be done, use auxiliary thermometers to find the
difference in temperature between the hottest
zone and the control bulb location. Then, under-
set the instrument’s dry-bulb control indicator by
this amount.

Proper Location of Dry Bulbs

Place control bulbs in the entering-air stream
at right angles to the direction of air flow and
as far from the wall as practical (fig. 64). When
bulbs are in this position, the kiln must be loaded
carefully to avoid damaging them. The hazard
can be minimized by mounting the control bulbs
on a hinged extension arm so they can be swung
toward the wall when loading the kiln. Be care-
ful not to bend the capillary tube too sharply,
because a sharp bend could rupture or collapse it.

The bulbs can be mounted horizontally, and
Earallel or perpendicular to the kiln wall. In

gure 64 they are placed parallel to the kiln wall,
and in figure 65 they are placed perpendicular.
When mounted parallel to the wall, the bulbs
can be placed end to end as shown in figure 61
Place them high enough above the floor so that
they will not be accidentally bumped by someone
walking through the kiln, and away from heat-
radiating surfaces and spray lines. _

When a reversible-circulation kiln is equipped
with a single dry bulb, place the bulb in a bypass
duct so that it will control the entering-air tem-
peratures regardless of the direction of air flow.
The duct can be located above or below the loads
in most internal-fan kilns, and where it will not
interfere with loading and unloading. The by-
pass principle is shown in figures 66, 67, and 68.
Make the duct large enough to allow free flow of
air and easy access to the bulbs, and flare 1t at
each end to increase the velocity of the air flowing
through it. Use exterior type plywood or other
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Fi1eUrRe 62.—Control bulbs improperly mounted in a bypass duct at track level.

M—109803—F
Arrow indicates direction of airflow.

Dry bulb is mounted too close to wet bulb, too close to side of duct, and parallel to flow of air.

material that does not radiate heat. If a long
bypass duct is installed, provide a trapdoor beside
or below the control bulbs so they can be exam-
ined and removed for calibration from time to
time.

When dual dry bulbs are used to control kiln
temperature, place them on the side walls, di-
rectly opposite each other (fig. 69).

In some types of kilns, such as external-blower
kilns, it is impractical to locate the control bulb
in the entering-air stream. In such instances,
;flace it where 1t controls leaving-air temperature.

o compensate for the temperature drop across
the load, underset the dry-bulb temperature con-
Elrol indicator the amount of the temperature

rop.

Location and Care of Wet Bulb

Improper location and care of the wet bulb
results in poor control of the wet-bulb tempera-
ture. The wet bulb must be located so that air
circulates around it at all times. When the kiln
1s operating, there must be a constant supply of
clean water to the water pan to keep the wick
wet. A dry or partially dry wick will cause an
actual wet-bulb temperature in the kiln lower
than that recorded or indicated on the instru-
ment. Therefore, occasional cleaning of the water

pan and supply line is recommended. The flow
of water to the water pan is usually controlled
by a needle valve, which needs to be regulated
from time to time. If the flow of water is too
rapid, its temperature when reaching the bulb
may be too low.

In some kilns equipped with overhead coil sys-
tems, condensate from the drain end of the coils
is used to supply water to the wet-bulb wick.
The condensate 1s piped from the drain line
through a coiled copper tube for cooling, and
then to the water pan. A needle valve regulates
the flow.

Equip the water pan with an overflow line that
has 1ts discharge end outside the kiln, and regu-
late the water supply so that a very slow drip,
not a steady flow, appears as discharge. The
overflow line must be kept open to prevent water
spilling over the top of the pan into the kiln.
If the kiln is shut down for a day or more, shut
off the water supply, and if during this time the
temperature in the kiln is likely to drop below
freezing, drain the water lines and water pan.
After a kiln is shut down, the wick needs to be
replaced.

A dirty or badly encrusted wick affects wet-
bulb control. The wet-bulb wick should be made
of highly absorbent cloth. Replace it frequently
with a new or laundered one.
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Figure 63.—Control bulbs improperly mounted on side wall of kiln.
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M~-109804—F
Bulbs are too close together and exposed to

damage. Planks at track level shield them from circulating air.

The wet bulb is usually plated to minimize
corrosion. When the plating has worn off so
that corrosion fouls the wick, have the bulb re-
plated by the instrument manufacturer.

The wet-bulb temperature in a dry kiln is
usually lower than the dry-bulb temperature; at
no time can it be higher. If the reading is
higher, the instrument is out of calibration.

Sensitivity and Loose Linkage in
Recorder-Controllers

Some recording-controlling instruments lack
the degree of sensitivity necessary for the desired
control of drying conditions. Sometimes this is
due to faulty manufacture, but more often to
loose, worn linkage.

Lack of sensitivity can be detected by com-
paring the temperature cycles shown on the in-
strument chart with those obtained at the control
bulb by another thermometer of known satisfac-
tory sensitivity. If the range of temperature

recorded on the instrument is one-third or more
of that shown by the check thermometer, the in-
strument can be considered sufficiently sensitive.
If it is less than one-third, repair or replace the
instrument linkage.

Care of Recording-Controlling

Instruments

The period of reliable performance of control
instruments can be greatly increased by proper
care. The parts of a recorder-controller are pre-
cision built and can be easily damaged. How-
ever, they are well protected against injury and
dust, and will give trouble-free service for many
years if the case is not left open long at a time.
Replace broken cover glass immediately. Never
use compressed air, brushes, or cloth to clean off
dust that may settle within the instrument case.
Instrument cleaning and repairs require special
tools, skills, and equipment. Such work should
be done at the manufacturer’s plant or by an
authorized serviceman.
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ZM—59899—F

Figure 64.—Control bulbs placed on kiln wall so that
the bulbs project well into and at right angles to the
entering-air stream.

The only part of the control instrument that
requires lubrication is the clock, and this should
not be done too frequently. Never lubricate the
pivot points on the linkage arms.

The air flowing into an air-operated instru-
ment must be free of o0il and moisture. For this
reason, the air i1s passed through a filter dripwell
or trap before entering the instrument. The
trapped o1l or moisture 1s blown from the drip-
well or trap at least once daily by opening a
blowoff valve. Usually the elements in filters
must be replaced once a year.

Calibration of Recording-Controlling
Instruments

When instruments are out of calibration, the
actual drying conditions within the kiln differ
from those recorded on the chart, and serious
kiln-drying defects or increased drying time may
result. Because a new instrument may be jarred
during shipment, calibrate it at the time of in-

ZM—59969—~F

Fiecure 65.—Control bulbs mounted horizontally, and

perpendicular to the kiln wall.
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FIGURE QG.—Single dry bulb so located that it will con-
trol kiln temperature on entering air. Bulb is located
above the load in a single-track kiln.
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Ficure 67.—Single dry bulb so located that it will con-
trol kiln temperature on entering air. Bulb is located
above the loads in a double-track kiln.
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Figure 68.—Single dry bulb so located that it will con-

trol kiln temperature on entering air. Bulb is located
below the loads in a double-track kiln.

stallation. Thereafter, check it for accuracy fre-
quently by using glass-stemmed thermometers or
other temperature-measuring devices.

Recalibration of an instrument found to be in
error is not difficult, but it must be carefully
done. The equipment required includes a water
container and an accurate temperature-measuring
device (a glass-stemmed thermometer is com-
monly used). Since the difference in height be-
tween the bulbs and the instrument case affects
the recorded temperatures, calibrate the instru-
ment with the bulbs at about the same height
above or below the instrument case where they
will be in service. Two men are needed—one
stationed at the water container and one at the
instrument.

The procedure is as follows:

(1) Fill a container at least 14 inches deep
with water heated to about 200° F., and place 1t
near the bulbs.
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Freure 69.—Dual-bulb control system showing control
bulbs located on opposite walls.

(2) Remove the bulbs from their fastenings
and completely submerge them in the hot water.
If the dry and wet bulbs are located together
in the kiln, calibrate them together. Avoid shar
bends in the tubing. The bulbs should not touc
the sides or bottoms of the container. Usually
in a dual-bulb system (fig. 69), only one dry
bulb need be calibrated. If there has been a dif-
ference in the recorded temperature upon reversal
of air circulation during kiln operation, check
each bulb separately. The man stationed at the
container gently and constantly agitates the
water during calibration.

(3) After about 10 minutes, the man stationed
at the container takes a temperature reading of
the hot water with the thermometer. He then
calls this reading to the man at the instrument,
who records it, together with the corresponding
temperature indicated by the instrument pen.

(4) Make a check at every 20° or 30° K. drop
in the temperature of the water as it gradually
cools. If cool water is added to the hot water to
reduce calibration time, let 5 or 10 minutes elapse
before temperatures are taken, so that the tem-
perature change is reflected at the instrument.
Make the periodic check readings until the water
temperature drops to about 100°. .

(5) If the indicated temperatures on the m-
strument chart are consistently lower or higher
than the water temperatures by a constant
amount, adjust the recording-pen arms upward
or downward by that amount. This is done by
adjusting a small screw located on the pen arm
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or on the pen-arm pivot. If the differences be-
tween the indicated temperatures and the water
temperatures are not constant, have a trained
serviceman make the adjustment. A correction
chart can be made so that the instrument can be
used until the adjustment is made.

(6) The next step is the adjustment of the
control setting indicator. This must be done with
the air or electricity on. Lower the setting indi-
cator to a temperature below that indicated by
the pen on the chart and then move it slowly
upward until the motor valve it controls begins
to open. Record the temperature shown by the
setting indicator. Then move the setting indi-
cator slowly downward until the motor valve
begins to close, and record the indicated tem-
perature. If the average of the two recorded
temperatures is different than the temperature
indicated by the pen, move the control indica-
tor—by means of adjustment screws on the indi-
cator—upward or downward by the amount of
difference.

Some kiln operators prefer not to adjust the
instrument pens or control indicators. Instead,
they list the calibration data on a small card,
which they place inside the face of the instru-
ment. These data are used as a guide for setting
the instrument in subsequent control of drying
conditions.

When dry kilns are provided with double-end
heating systems (fig. 34) with the coils at oppo-
site ends controlled by separate dry bulbs, each
bulb must be calibrated. Many kiln operators
prefer to have a gap of about 5° F. between the
two recorded dry-bulb temperatures, so that tem-
perature fluctuations at each end of the kiln are
readily seen on the chart. After calibration,
therefore, the pen arm of one dry bulb is inten-
tionally adjusted upward or downward the de-
sired amount. The amount of underset or over-
set should be noted on a card attached to the
Instrument, so that anyone reading the chart will
know that the temperature recorded by that pen
does not show the actual kiln temperature.

Dry kiln technicians should be familiar with
the manufacturer’s instructions for the care and
maintenance of recorder-controllers. If the in-
strument should fail, however, call in an author-
1zed serviceman to locate and correct the trouble.

Heating Systems

A correctly designed and properly maintained
heating system produces uniform drying condi-
tions in a kiln. Unfortunately, the maintenance
of heating systems is often neglected and the
consequent nonuniform drying conditions cause
kiln degrade, extended drying time, nonuniform
moisture in the lumber, and increased drying
cost. On the other hand, frequent inspection

and prompt corrective action can minimize, if not
eliminate, many ill effects.

Steam Heating System Problems and
Corrective Measures

Improperly Insulated Feed Lines—Insulate
all main feed lines from the boiler to the kiln to
reduce steam consumption. Radiation from some
feed lines within the kiln, running from the con-
trol valves to the coil headers or to the spray
line (fig. 34), may produce excessively high tem-
peratures in certain zomes. If this occurs, the
lines should be insulated. The insulation on
many steam feed lines is either improperly in-
stalled or damaged. Replace deteriorated or
damaged insulation as soon as possible. ‘

Leaking Pipes—Leaking pipes within the kiln,
caused by corrosion or mechanical damage, in-
crease steanl consumption and may upset the wet-
bulb temperature. Repair or replace them. When
necessary clean all pipes and fittings and coat
them with a corrosion-resistant material that will
not affect heat transfer.

Sagging or Distorted Pipes—Feed-line and coil
supports frequently fail, causing the pipes to be-
come distorted and to sag. Condensate and scale
accumulate in the sagged pipes and eventually
plug them. Straighten or replace sagging and
distorted pipes. Protect pipe supports against
corrosion, and reinforce or replace them when
examination shows they are failing.

Debris—Carelessness and poor housekeeping
frequently cause debris to accumulate on under-
load heating systems. This not only reduces the
eficiency of the heating system but is a fire
hazard. Such debris consists of stickers, lum-
ber, bark, knots, sawdust, and the like. Move
trucks carefully in loading and unloading opera-
tions so that boards, stickers, and bolsters are
not dislodged. Seal cracks around doors and
screen air intakes and vents to minimize infiltra-
tion of sawdust and other foreign matter. In
spite of all precautions, however, debris will ac-
cumulate; remove it at frequent intervals.

Defective Reducing Valves and Pressure Regu-
lators—Fluctuations in steam pressure caused
by faulty reducing valves and regulators result
I nonuniform drying conditions. If adjustment
does not correct the condition, repair or replace
the defective parts.

Faulty Pressure (ages—The pressure gages
used In conjunction with the reducing valves and
regulators oceasionally go out of calibration ;
therefore, recalibrate them at intervals against a
gage known to be accurate, or replace them.

Frtu‘ll_z/ Motor Valves—Motor valves may leak
or fail to open or close properly. If an air-
operated motor valve fails to open, the trouble
15 usually associated with a leak in the air
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supply line, a damaged diaphragm, or a packing
nut that is too tight. If the valve fails to
close, the trouble may be due to improper ad-
justment of the compression spring. TFailure of
electrically operated valves may be associated
with power failure, damaged wiring, or the
motor. A valve that leaks because of worn parts
or the presence of scale on the seat can usually
be detected by a slow, continuous rise in tem-
perature above the set point. A valve that fails
to open can be detected by a slow drop in tem-
perature below the set point when the instru-
ment is calling for heat.

Repair or replace faulty valves. Xeep a spare
motor valve on hand for replacement purposes,
and also spare motor valve parts, including dia-
phragms. If leaks occur around the valve-stem
packing nut, tighten the nut or replace the pack-
ng.

Hand-Operated Valves—Hand valves are used
extensively on steam heating systems. These
valves, which are usually of the globe type,
should be operated wide open or completely
closed. If leaks occur around the valve-stem
packing nut, follow the procedure outlined under
faulty motor valves. Keep replacement valves and
spare parts on hand.

Faulty Steam Traps—Consult kiln manufac-
turers, engineers, and steam-trap manufacturers
on trap installations to minimize failures in the
trapping system. The following summary will
assist the operator in locating and correcting
trap troubles.

The failure of a steam trap to discharge may
be due to (1) excessive operating pressures, (2)
no water coming to the trap, (3) a plugged
bucket vent, (4) a trap filled with dirt, (5) worn
or defective parts, or (6) excessive back pres-
sures 1n the return line. Excessive operating
pressures may be caused by the failure of the
reducing valve or pressure regulator, by inaccu-
rate readings on the pressure gage, by back pres-
sures in the return line from the trap to the
boiler caused by a discharge line that is too small
or is plugged, or by the raising of steam pres-
sures without changing the valve orifice in the
trap. When condensate fails to reach the trap,
the failnre may be due to a plugged line, to a
closed valve in the line between the coils and the
trap, or to open or leaking bypass valves that
allow the condensate to flow around the trap.
Dirt in the condensate may plug the bucket vent.
Trouble from dirt can be minimized by instal-
ling a strainer ahead of the trap and cleaning
it at frequent intervals. A strainer will also
prevent the trap body from becoming filled with
dirt. Install blowoff valves on all traps, and
blow out the traps for a short period each day
the kiln 1s in operation.
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When the discharge of water from a trap is
continuous, the trap is too small or it has an
orifice too small for the steam pressure used.
These difficulties can be prevented by installing
a trap that has an orifice of proper size and is
large enough to handle the peak condensate load,
which will usually occur during the warmup
period.

If the trap blows live steam, the discharge
valve may not be seating or the trap may have
lost its prime. A badly worn valve seat or dirt
lodged between the valve and valve seat will
cause improper seating of the valve. A trap that
loses its prime is usually subjected to sudden or
frequent drops in steam pressure. If this occurs
frequently, install a good check valve ahead of
the trap and below the coil being drained. Main-
taining fairly constant steam pressures will also
minimize this trouble.

Worn or defective trap parts may cause com-
plete failure. Some parts can be easily replaced
on the job with very little, if any, loss in operat-
ing time. Replacement is even simpler if a by-
pass line has been installed around the trap.
When a defective trap cannot be repaired on the
job, replace with a new or reconditioned one.
Repair the defective trap at the first opportunity.
Annual cleaning and overhaul of all traps is
recommended.

Trap failure can be detected by observing dis-
charge from the trap, obtaining temperatures on
the supply and discharge sides, or by listening
to its action. The discharge action of most traps
can be observed from test outlets. These should
be opened frequently. If steam discharges con-
tinuously from a correctly sized trap, it is not
functioning properly; determine the cause and
correct it. Do not confuse flash steam with live
steam. Flash steam is due to pressure changes
and appears for only short periods of time when
the trap is discharging, but live steam generally
appears in a continuous flow.

Temperatures obtained on the supply and dis-
charge lines of the trap are useful in checking
trap performance. A spot test pyrometer can be
used to obtain these temperatures. If the sup-
ply-line temperature is about 10° to 15° F. above
the discharge-line temperature, the trap is work-
g satisfactorily. If there is no difference in
temperature between the inlet and the outlet pipes
connected to the trap, it is blowing live steam or
has insufficient capacity. A large difference in
temperature is an indication that the trap is wa-
ter-logged.

On some types, trap action can be checked by
listening to the operation. Place the bit end of
a screwdriver firmly against the top of the trap
and then put one ear firmly against the end of
the handle. If the valve action is plainly heard,
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the trap is working properly; if movement of
condensate inside the trap is heard, the discharge
is blowing through.

Indirect-Heated Furnace Kilns

In indirect-heated kilns with gas, oil, coal, or
wood furnaces, the products of combustion flow
through a system of heat exchangers located
within the kiln. TIf excessively hot exchangers
are too close to the lumber being dried, season-
ing defects may develop, and the lumber may
catch fire. Checks of the temperature through-
out the kiln will help find hot spots in the heat
exchanger. To elininate hot zones, modify, re-
locate, or msulate the heat exchanger.

Keefl) heat exchangers free of debris to mini-
mize the possibility of fire. Fly ash deposited
in heat exchangers may cause nonuniform tem-
peratures; therefore, disconnect the exchangers
and clean them occasionally. Compressed air is
frequently used for this purpose. Since heat
exchangers deteriorate rapidly because of the
high temperatures, inspect them frequently and
replace them if they are defective. Badly dete-
riorated heat exchangers are likely to cause fires.

Direct-Heated Furnace Kilns

Because the products of combustion in direct-
heated furnace kilns are discharged directly into
the drying chamber, both the kiln and the lum-
ber are exposed to the danger of fire from sparks
and flames. Therefore, carefully control the rate
of burning of the fuel, and install spark arrestors
when necessary. Ducts carrying the products of
combustion are subject to deterioration. Inspect
them frequently and repair or replace them when
they are unsafe. Caution: The products of com-
bustion are likely to contain toxic gases; never
enter the kiln during operation or brief shut-
down periods unless you are wearing a self-con-
taned breathing apparatus or the kiln has been
aired out by opening the large doors.

Furnace-type dry kilns (fig. 21) that are heated
by gas or oil burners located within the kiln are
particularly susceptible to fires and often con-
tain toxic gases. Keep the burners free of de-
posits that may catch fire and blow into the
lumber. Repair leaking gas or oil feed lines
immediately. Do not allow debris to gather
around burners or on plates heated by the burn-
ers. Keep the thermostats that automatically
control the operation of the burners in good

repair.
Electrically Heated Kilns

All wires leading to the heating units should
be well insulated to avoid short circuits that

could be the cause of fires or injuries to workers.
The electrical system should be installed and
checked by qualified electricians. Inspect the
electric circuits frequently. If damaged circuits
or heating units are found, have a qualified serv-
iceman immediately repair or replace them. Do
not permit debris to accumulate.

Humidifying Systems

Steam Spray

Steam sprays are used to supply moisture to
the kiln atmosphere when required to maintain
the desired relative humidity. Exhaust steam,
if available, is preferable to live steam for this
purpose. Hand or motor valves controlling the
flow of steam spray into a kiln are subject to the
same failures as those in steam heating systems.
Follow the inspection and maintenance proce-
dures discussed on pages 73-74. A flow of steam
or condensate from the steam spray line when
the valves are closed indicates leakage. A fall-
ing wet-bulb temperature when the control in-
strument is calling for steam spray indicates that
the steam spray motor valve has failed to open.
Repair or replace defective valves immediately.

The steam spray lines usually pitch down-
ward from the feed end. Usually a small drain
line discharging outside the kiln is provided to
drain off the condensate that collects at the low
end. Keep this drain line open. Inspect the
steam spray line itself periodically to see that
the discharge holes or nozzles are open and that
the pipe has not been bent or turned so that the
spray discharges onto the lumber or the instru-
ment control bulbs.

Water Spray

Occasionally water-spray lines are installed in
kilns to supply moisture when required for hu-
midification. Inspect the valves frequently that
control the flow of water into the spray line and,
if they are defective, repair or replace them im-
mediately. Open plugged spray holes or noz-
zles, and repair or replace damaged lines.

Venting Systems

Most kilns are provided with ventilators for
exhausting hot, moist air from the kiln and tak-
ing in fresh air. Excessive venting increases
heating and humidification requirements, and it
should be avoided by proper adjustment and
maintenance of the venting system.
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Vent Operation and Care

Although vents can be manually or automati-
cally operated, automatic ones are recommended.
To prevent excessive venting, frequently inspect
the system and keep it in good repair. Follow-
Ing are a number of items to observe in the in-
spection and maintenance of vents:

(1) Keep the linkage system connecting two
or more vent caps or dampers lubricated, and
inspect it periodically for damage. Straighten,
repair, or replace bent or broken rods, chains,
and levers.

(2) Inspect the vent caps or dampers when
they are in a closed position. If some are par-
tially open, adjust the linkage so that the caps
or dampers fit tightly. This adjustment can ge
made quickly and easily on most kilns.

(3) Install gaskets around vent openings if
there is excessive leakage when the vent caps are
closed.

(4) Avoid overventing. Adjust the linkage so
that the caps or dampers are open just wide
enough to obtain the desired venting.

(5) Examine air lines or electric circuits con-
necting the vent mechanism to the control in-
strument for air leaks and short circuits.

(6) The compressed air used to operate the
vent mechanism should be dry. Water in the air
supply line may freeze the motor valve during
winter weather. If dry compressed air cannot
be obtained, protect the air supply line against
freezing.

(7) Use screen inserts in the ventilators to
minimize the fire hazard associated with vent-
ing. These will keep sawdust, other debris, and
sparks from entering the kiln. Remove and clean
the screens periodically.

(8) Keep the fresh air doors, dampers, and
ducts in natural-circulation kilns in good repair
and free from obstructions.

Air-Circulation Systems

The uniform circulation of air in a kiln is de-
pendent on well-maintained air-circulating equip-
ment.

Natural-Circulation Systems

Because air movement is comparatively slow
In natural-circulation kilns, the air passageways
from the heating coils into and around the loads
of lumber must be unobstructed. Walkway grat-
ings also should be free of planks, debris, and
other obstructions.

Internal-Fan Systems

Any failure or damage to the component parts
of the air-circulation system in internal-fan kilns
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extends drying time and may also result in non-
uniform drying. Therefore, the maintenance and
care of the component parts of the air-circula-
tion system 1s essential.

Inspection and M aintenance.—The items to be
checked in the periodical inspection of the air-
circulation system and some of the maintenance
procedures include the following:

(1) Fan Motors.—Lubricate fan motors in ac-
cordance with the manufacturer’s instructions,
Replace leaky bearing seals.

Keep windings and armatures free of dust.
Dry compressed air may be used for blowing out
dust.

Keep motor mounts and anchor bolts tight.

Protect from the weather fan motors located
outside the kiln.

Properly ventilate a control room to avoid
overheating fan motors located there. Fan mo-
tors located in the kiln must be designed for
high temperatures and high relative humidities.

Protect. fan motors against overloading. Re-
lays should be set to kick out under small over-
load.

Repair or replace damaged or badly worn
motors.

Have a qualified electrician inspect all elements
of the electrical circuits periodically and keep
them in good condition.

(2) Fan Shafts.—Lubricate shaft bearings ac-
cording to the manufacturer’s instructions and
replace leaking oil seals.

Keep bearing supports tight and alined with
the shaft. Misalinement may overload the fan
motor and damage the fan shaft and bearings.

Keep friction bearings tight.

Replace damaged or badly worn bearings.

Replace or repair badly worn keys or keyways.

Keep shaft couplings tight.

Replace damaged fan shafts.

(3) Pulleys and Belts.—Keep pulleys tight on
the shafts.

Replace badly worn or damaged pulleys to
prevent excessive belt wear or belt slippage.

Tighten belts according to manufacturer’s rec-
ommendations. Do not overtighten.

Replace badly stretched or damaged belts.

(4) Fans.—Repair minor damage to fans; re-
place badly damaged fans.

Keep fans tight on fan shafts.

See that the clearance between the tips of fan
blades and the fan rings conforms to the manu-
facturer’s recommendations. )

(5) Fan Baffles and Fan Floor.—Repair or
replace damaged fan baffles or fan floors.

Keep anchor bolts in fan baffles tight to mini-
mize vibration and possible damage to fans.

(6) Load Baffles—Repair or replace damaged
load baffles.

Lubricate baffle hinges.
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Maintain pulleys and cables on hinged bafile
systems in good condition.

(7) O1l Lines, Connections, and Bearings.—
Leaking oil lines, connections, or bearings in-
crease safety and fire hazards, and the oil may
stain the lumber. Make a systematic inspection
for oil leaks and tighten loose connections. Re-
pair or replace damaged lines.

Caution: Exercise extreme care when fans
must be inspected while they are running. Seri-
ous injuries have resulted from carelessness dur-
ing the inspection of moving fans.

External-Blower Systems

The inspection and maintenance of internal-fan
kilns is also applicable to external-blower kilns.
Other maintenance items include:

(1) Repair or replace leaky blower housing
panels.

(2) Repair or replace damaged supply- and
return-air ducts to insure maximum alr circula-
tion through the loads of lumber and to avoid
short circulting.

(3) Inspect air scoops in the supply-air duct
slots for damage and maladjustment so that air
delivery remains uniform throughout the length
of the duct. Adjust, repair, or replace them when
necessary.

(4) Remove any debris covering the supply-air
slots or ports.

(5) Repair or replace badly worn or damaged
reversing dampers.

(6) Keep fresh-air doors in the blower hous-
ing in good repair.

(7) Repair damaged vent dampers.

Kiln Trucks

Frequent inspection and proper maintenance of
kiln trucks can minimize down-time and acci-
dents. Proper lubrication will help extend truck
life. Recommended maintenance procedures are:

(1) Repair or replace damaged truck frames,
axles, and bearings promptly.

(2) Keep bolts or rivets in truck frames tight.

(3) Repair or replace damaged metal or wood
Cross supports.

(4) Provide enough kiln trucks so that mno
truck is loaded over 1ts capacity.

Prevention of Corrosion

Since much of the metal in a dry kiln will
corrode, frequent inspection of metal parts is
essential. Remove rust and coat the affected sur-
face with a suitable protective paint. Such
falnts can be obtained from dry kiln manufac-
urers.

555315 0—61——6

Housekeeping and Maintenance

Around Dry Kilns

Good housekeeping around dry kilns is essen-
tial.  To minimize the possibility of injuries,
damage to equipment, derailment of kiln trucks,
and fires, keep the dry kiln, the operating room,
and the surrounding area clean and free of safety
and fire hazards. The following are good house-
keeping practices:

(1) Immediately pick up stickers falling from
loads of lumber and place them in conveniently
located sticker racks.

(2) Pick up lumber falling from loads and
repile it on the loads or return it to the storage
area.

(3) Collect and remove sawdust and other
debris that sifts or drops into the kiln.

(4) Keep walkways in a kiln free of debris.

(5) Push back into the load of lumber any
hoards that project into walkways, to prevent
injuries to workmen. Projecting boards also
canse nonuniform air velocities through the loads
of lumber in some types of kilns.

(6) Stop oil or grease leaks around bearings,
fans, blowers. and motors, and wipe up spilled
oll or grease as soon as possible. Use drip pans
to catch oil or grease dripping from bearings.
Place oily or greasy rags in closed containers.

(7) Keep control rooms and operating pits
clean and well ventilated at all times.

(8) Keep transfers, tracks. and tramways on
the loading and unloading ends of dry kilns in
good alinement and repair.

(9) Inspect stairways and ladders frequently
and replace weak members at once.

Locating Troubles in Kiln
Maintenance and Operation

To assist the dry kiln operator in rapidly find-
ing the causes of poor drying, the more common
sources of trouble are summarized.

If the dry-bulb temperature does not reach the
set point 1n a reasonable length of time, the
causes may be—

(1) Steam pressure is too low.

(2) Insufficient radiation.

(3) Heating coil 1s damaged, waterlogged, air-
bound, or plugged.

(4) Hand valves on feed or drain lines are
closed or only partially open.

(5) Automatic motor valve fails to open.

(6) Steam trap is defective.

(7) Valves are open on bypass line around
steam trap.

(8) Excessive back pressures in return line to
boiler.
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(9) Excessive venting.
(10) Excessive leakage from kiln structure and
around doors.

If dry-bulb temperature continues to climb
above the set point, the causes may bhe—

(1; Teaking hand valves on feed lines.

(2) Leaking automatic motor valve.
éS; Motor valve remains open.

4) Heat transfer through a common wall
from an adjacent kiln.

If the wet-bulb temperature fails to reach the
set point in a reasonable length of time, the
causes may be

(1) Insufficient steam entering the spray line
because—

(a) Automatic motor valve fails to
open.

(b) Hand valve on feed line is closed or
only partially open.

(c) Holes or nozzles in spray line are
plugged.

(2) Excessive leakage of heat and vapor from
kiln structure or around doors.

(3) Excessive venting.

If the wet-bulb temperature continues to rise
above the set point, the causes may be—

(1) Leaking motor valve.

(2) Motor valve remains open.

(3) Water seeping into kiln.

(4) Leaking steam or water lines in kiln.

(5) Valve 1n bypass line around motor valve
1s open.

(6) Insuflicient venting.

If the lumber is not uniformly dried or has
excessive degrade associated with hot or cold
zones within the kiln—

(1) Hot zones may be caused by:

(a) Excessive radiation due to uninsu-
lated feed lines or headers.

(b) Higher than average air velocities
across radiating surfaces due to faulty
stacking and inadequate baffling.

(c) Leakage of heat through a damaged
wall common to two kilns.

(2) Cold zones may be caused by:

(a) Infiltration of colder air through
cracks in the kiln wall or around doors.

(b) Damaged fans or fan motors.

(c¢) Short circuiting of the air because
of faulty stacking or inadequate baffling.

(d) Condensate from the drain end of
plain-header coils is not draining properly.

(e) Down drafts through the ventila-
tors.

Incorrect recording of dry- and wet-bulb tem-
peratures may be caused by—

(1) Control instrument out of calibration or
damaged.

(2) Improper air circulation over control
bulbs.

(3) Control bulbs exposed to direct radiation
from heating coils and feed lines or heat from
steam spray.

(4) Water on the dry bulb.

(5) Wet bulb wick dirty, dry, or made of im-
proper cloth.

(6) Water flowing at either too fast or too
slow a rate to the wet bulb water pan.

(7) No wick on the wet-bulb.

(8) Wick placed on the dry bulb instead of
on the wet bulb.

(9) Wrong recorder chart.



CHAPTER 5. STACKING LUMBER AND OTHER ITEMS
FOR KILN-DRYING

Much of the degrade and waste that occurs
during kiln-drying results from poor stacking.
Well-stacked lumber dries faster, more uni-
formly,! and with less warp, and fewer stickers
break and deform. Stacking procedures vary
among plants because of differences in plant
layout, material to be dried, and types of kilns
and stacking equipment. Several principles of
good stacking, however, apply at all plants.

Sorting

Sorting the stock simplifies stacking and also
aids i getting material of like drying charac-
teristics mto a kiln charge. Sorting, therefore,
should be as complete as is practical. It is
planned to accomplish various purposes.

Sorting for Species

Some species of wood have markedly different
drying characteristics than others. For exam-
ple, the time required to kiln-dry green 4/4 red
oak to a final moisture content of 7 percent is
two to three times that required to kiln-dry
green 4/4 hard maple; moreover, a much milder
drying schedule must be used for the oak. If
these two species were in the same kiln charge,
the hard maple would have to be dried under the
oak schedule, and the cost of drying the maple
would become excessive. On the other hand, the
drying characteristics of hard maple and yellow
birch do not differ greatly, and these species, if
of the same thickness and moisture content, can
be dried together economically. Whenever pos-
stble, therefore, a kiln charge should be composed
of a single species or of species that are closely
similar in drying characteristics.

Sorting for Moisture Content

It 1s not desirable to mix air-dried, partially
air-dried, and green stock in the same kiln charge.
The wetter stock requires milder initial drying
conditions and a longer drying time than’ the
drier stock. For example, 4/4 red oak air-dried
to a moisture content of 25 percent can be kiln-

1RASMUSSEN, E. F. NEED ¥OR UNIFORMITY OF TEMPERA-
TURE IN A FORCED-AIR-CIRCULATION, VENTILATED, COMPART-
MENT DRY KILN. TU.S. Forest Serv. Forest Prod. Lab.
Rpt. 1669, 5 pp. [Processed.] 1956.

dried to a moisture content of 7 percent in about
one-quarter of the time that is required to kiln-
dry green 4/4 red oak to the same final mois-
ture content. The dried stock should be kiln-
dried separately.

Because of the many variables involved, spe-
cific recommendations cannot be made as to the
maximum allowable difference in initial moisture
content between the driest and wettest stock in
a Kkiln charge. This difference must be deter-
mined by each kiln operator on the basis of pro-
duction needs and the quality of drying desired.
In general, the difference In moisture content
between the driest and wettest stock composing
a kiln charge should be smaller (1) for air-dried
or partially air-dried stock than for green stock,
(2) for shorter drying times than for longer
times, and (3) for a narrow range in the desired
final moisture content.

Electrical moisture meters are frequently used
for sorting.

Sorting for Heartwood and Sapwood

In some species, sapwood and heartwood differ
considerably in green moisture content (table
1, p. 9). In addition, sapwood generally dries
more rapidly and with fewer defects than does
heartwood. Because of these differences, it 1is
advantageous to separate sapwood from heart-
(xlvloc()ld where large quantities of lumber are han-

ed.

Sorting for Grain

A plamsawed board (fig. 2, p. 7) generally
dries faster than a quartersawed board, but it
is more susceptible to such drying defects as
surface and end checks and honeycomb. There-
fore, plants producing large amounts of quarter-
sawed lumber can segregate it and dry it under
more severe kiln conditions, thereby shortening
the drying time.

Sorting for Grade

The upper grades of lumber, both hardwood
and softwood, are generally used in products
that require higher strength, closer control of
final moisture content, and better appearance
than the lower grades. Therefore, the higher
grade material is usually sorted out and kiln-

79
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Fieure 70.—4, Stacking lumber of different thicknesses on the same kiln truck results in cupping of the lumber and

deformation and breakage of stickers. B, Lumber of uniform thickness remains flat during drying, and stickers
stay straight.
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dried according to schedules different from those
used for the lower grades.

Sorting for Thickness

Sorting for thickness is essential. Stock of
uniform thickness simplifies stacking and dry-
ing. It also reduces warping in the lumber and
breakage and deformation of the stickers.

The thicker the material, the longer the drying
time and the milder the drying conditions re-
quired. Cupping of the lumber and deformation
and breaking of the stickers resulting from stack-
ing material of various thicknesses are shown
in figure 70, 4. The cupping and twisting in
the thinner boards is caused by a lack of con-
tact between the boards and the stickers, and it
results in a nonuniform flow of air across the
load. Damaged stickers often have to be dis-
carded.

A truckload of dried boards of uniform thick-
ness is shown in figure 70, B. Air movement
between the courses of lumber was uniform. The
dried lumber is flat and the stickers are straight.

Miscut Lumber—Lumber that is miscut 1s
likely to vary considerably in thickness across
the width and along the length of the plece.
Miscut lumber is not only difficult to stack, it is
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impossible to hold the thinner part of the boards
flat. The thicker parts dry more slowly and
may develop more defects. Some plants find 1t
economical to skip-dress snch stock to a uniform
thickness before stacking.

Sorting for Length

For good stacking, one of the best and
easiest methods is to pile lumber of a single
length on kiln trucks (fig. 70, B) or in pack-
ages. If the stickers are well supported and 1n
good alinement, such stacking results in flatter
and straighter kiln-dried stock. Overhanging
ends of the longer boards in a truckload of
mixed-length stock are likely to warp during
drying.

Stacking lumber of uniform length on a kiln
truck or in packages is a common practice among
producers of softwoods, and some of the larger
manufacturers follow the same practice with
hardwoods. Most of the hardwood producers.
however. either box-pile the lumber or stack
various segregated lengths on a kiln truck, us-
ing the “step-back™ or “step-out” method. Fig-
ure 71 illustrates a combination of step-back
and step-out stacking. Step-back stacking gen-
erally results in less deformation of the lumber.
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M-75793—F

Ficure T1.—Scale model showing “step-back” stacking i
y ¢ cking in lower part of load and “step-out” stacking in
Courses of thick dunnage, located as shown, will minimize warp. Sample pockets and kiln samplegs 1arems)g§:v£art.
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Courses of thick dunnage put a solid “floor”

under each of the upper sections of the load and
thereby help prevent warping (fig. 71).

Stickering the Lumber

Proper selection and use of stickers greatly
reduces warp in lumber and assures fast and
uniform drying, and it reduces sticker breakage
and deformation. Among important considera-
tions of stickering are the size of the stickers
and their placement in the pile, the species and
grades of wood used, and sticker supports, guides,
and racks.

Sticker Material

Many stickers are required in a kiln-drying
operation, and replacement is costly. Practical
measures for obtaining long sticker life there-
fore pay off. Many plants find it worthwhile to
make stickers from clear, straight-grained stock
rather than from low-grade stock. The initial
cost of such stickers may be higher, but their
longer service life generally offsets this. Straight-
grained stickers made from the harder woods
stay straighter and last longer than irregular-
grained stickers made from softer woods.

Species such as hickory, hard maple, beech,
oak, Douglas-fir, and larch make good stickers.
Usually, however, the species being dried at the
plant are used for stickers.

Moisture Content of Stickers

The lumber from which stickers are made
should be kiln-dried. There is less chance of
sticker stain, which is a discoloration of the
material where it contacts the sticker during dry-
ing. In addition, stickers made from kiln-dried
lumber will distort and change thickness less
during use.

Sticker Size

The sizes of stickers vary considerably, from
14 inch to 2 inches in thickness and from 3/
inch to 4 inches or more in width. The usual
range is from 3/ inch to 114 inches in thickness
and from 1 to 2 inches in width. Sticker length
is governed by the width of the load or package,
thickness and width by the kind and size of
lumber being dried.

Sticker Width—Wide stickers slow up the
drying of lumber at areas of contact, and may
leave 1t at a higher final moisture content in
these areas. Stickers used for hardwoods are
usually 114 inches in width and should not ex-
ceed 114 inches. Stickers for softwoods aver-
age about 2 inches mn width, but widths up to 4
inches may be used for the softer species, such
as sugar, ponderosa, and white pine.

Sticker Thickness—Stickers used for lumber
and dimension are generally 34 to 1 inch thick.
Some plants, however, use stickers as thin as
14 inch. The thinner stickers make it possible
to load more lumber on a kiln truck and, in
forced-circulation kilns, make air velocity faster
and more uniform across the loads. They break
and deform more readily, however, and sagging
boards are more likely to obstruct air movement.
Regardless of the thickness used, all stickers in
a kiln charge should be surfaced to uniform
thickness.

Load Supports

Unless the load of lumber is properly sup-
ported, sagging and distortion 1n the lower
courses will result (fig. 72, A4). Lumber piled
as in figure 72, B, will not sag because the load
supports are directly under the tiers of stickers.

The thinner the material being dried, the
greater the number of load supports required.
Sometimes a bottom course of thick dunnage is
used instead of additional supports. Generally,
the maximum spacing of load supforts for 1-
inch hardwood lumber is about 2 feet and for
1-inch softwood lumber about 4 feet. In thicker
lumber the distance between load supports usu-
ally can be increased, but it is better to use
too many load supports than too few.

Sticker Location, Spacing, and
Alinement

Good location, spacing, and alinement of
stickers reduces warping and minimizes end
{;)hecking and splitting in some species of lum-

er.

Location of Stickers—If possible, place the
end stickers flush with the ends of the boards
(fig. 71). Warping of the ends of the boards
will be reduced and also end drying will be re-
tarded to some extent, thus helping to minimize
end checking and splitting. Other tiers of stick-
ers should be close enough to control warping.

Spacing of Stickers—Sticker spacing is gov-
erned by the stock’s tendency to warp, its thick-
ness, and its resistance to crushing. A spacing of 3
to 4 feet is satisfactory for softwoods. A 2-foot
spacing is satisfactory for most 4/4 hardwood
stock, but some species, such as sweetgum and
the elms, require closer spacing, as little as 15
inches, to prevent warping. Sticker all hard-
wood stock less than 1 inch thick with this
closer spacing. Softer hardwoods, such as aspen
and basswood, may require closer than 2-foot
spacing to prevent crushing of the stock. Also,
to avold crushing of stickers between the bottom
courses of heavy loads, the sticker spacing may
need to be reduced.
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to sag badly. B, Good load supports on truckload of hardwood lumber.
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Sticker Bridging.—When cross supports can-
not be located under each tier of stickers, the
weight carried by the unsupported tier can be
distributed to some extent to adjacent cross sup-
ports by bridging. Bridging is an A arrange-
ment of extra stickers starting at the supported
tiers of stickers at the bottom of the load, ex-
tending progressively inward and upward until
they intersect the tier of unsupported stickers.
The inward offset of the bridging stickers at each
successive course of lumber should be no greater
than the width of the stickers.

Alinement of Stickers—For fullest control of
warp in lumber during drying, the tiers of stick-
ers should be alined vertically. (Figs. 71 and
72, B). Misalined stickers (fig. 72, 4), par-
ticularly in stacks of green lumber, invariably
cause nonuniform distribution of weight and re-
sult in sharp kinks in the lumber where the
stickers contact it. The thinner the lumber, the
greater the possibility of kinking. Much waste
results from incorrectly alined stickers, particu-
larly in lumber 1 inch or less in thickness.

Auailiary Tiers of Stickers in Packages of
Lumber—Packages of lumber are commonly
transported around dry kilns with forklift trucks
and straddle carriers. When lifted by this kind
of equipment, lumber in the lower courses of a
package has a tendency to sag and stickers at the
ends may be lost. This trouble can be largely
avoided by locating short tiers of stickers above
the forks (fig. 73) or the carrier bunks. The
number of stickers needed in these extra tiers
depends upon the thickness of the lumber and
the weight of the package. Usually stickers are
interlaid between the bottom 6 to 10 courses of
lumber.

Sticker Guides

The use of sticker guides insures good spacing

and alinement.
Sticker guides vary considerably in design and
initial cost. Two types of guides are shown in

- figures 74 and 75. These guides are pivoted on

both sides so that they can be pulled free of
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Fieure 73.—Package of lumber raised by forklift truck. Short tiers of stickers above point of contact with forks
reduce sag in the lower courses of lumber and help prevent dislodging of end stickers.
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F16URE 74.—Combination metal and wood sticker guide for stacking lumber on kiln trucks.

the stacked loads of lumber. A simple locking
device holds the guides in place while the lum-
ber is stacked. Vertical channel irons or wood
strips equal in length to the height of the load
are positioned along each guide at points corre-
sponding to the desired sticker spacings. The
stickers, cut about 2 inches longer than the de-
sired width of the load, are held in place by the
guide channels or strips. Sticker racks located
adjacent to, or attached to, the guide hold a
supply of stickers.

A sticker guide of another design is shown in
figure 76. This guide consists of a rectangular
frame made of 2- by 12-inch lumber attached by
means of sleeves to vertical pipes. Cleats nailed
on the inside of the frame hold the stickers in
place. The frame is lifted when required by
means of a small electrically operated hoist at-
tached to the ceiling of the stacking shed. When
a load is completed, the frame is lifted clear of
the top courses of lumber. The load is moved out

of the stacking shed and empty kiln trucks put in
its place. The frame is lowered over the empty
truck, and the stacking of a new load is started.
A supply of stickers can be kept on each side of
the stacking area. Boards too long for the
frame are trimmed off with a portable powersaw.

Portable sticker guides for stacking packages
of lumber are shown in figure 77. Gudes like
these are used on one side of the package only.

Care of Stickers

Large plants invest considerable money in
sticker-handling equipment, such as conveyors of
various types, to reduce handling costs. This
equipment, if properly designed, may also reduce
sticker breakage. Smaller plants can construct
racks or other devices, at fairly low cost, that
will reduce sticker losses and possibly handling
costs. A metal-roofed sticker rack mounted on
kiln trucks is shown in figure 78. This arrange-
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M—91974-F

F1eure 75.—All wood sticker guide device for stacking lumber on kiln trucks.

ment protects the stickers to some extent from
the ramn and sun and facilitates stacking and un-
stacking.

There are many other types of low-cost sticker
racks that will reduce sticker losses and handling
costs. For example, a simple rack can be con-
structed on a pallet and carried around the plant
by forklift truck or straddle carrier.

Stickers should be stored under cover to keep
them reasonably dry and free of stain and decay.

Mechanical Stacking and Unstacking
Equipment

Many plants use semiautomatic and automatic
equipment for the stacking and unstacking of
Jumber. Properly designed equipment will serve
well if correctly operated. Several types of lum-
ber stackers and unstackers are available.

Mechanical Stackers

With one type of semiautomatic stacker for
lumber of uniform length, a solid package of
lumber 1s placed on a tilting breakdown hoist.
from which the lumber slides onto a horizontal
table equipped with chain conveyors where the

courses are assembled. The kiln trucks are placed
on a hydraulic lift controlled by the stackerman,
and elevated to the desired height; the conveyor
is started, and a course of lumber is moved onto
the truck. The hydraulic lift is lowered a dis-
tance equal to the thickness of the boards, stickers
are placed in stationary guides located on each
side of the lift, and another course of lumber
1s moved into position.

Sticker magazines are used in conjunction with
automatic stackers. A set of these magazines is
located over the load of lumber. One end of a
sticker is automatically dropped from each maga-
zine onto the load. The other end of the sticker
is forced from the magazine by the weight of the
ixex(; course of lumber as it 1s moved onto the
oad.

Lumber Unstackers

With one type of lumber unstacker in common
use, the load of dried lumber is placed on a tilt-
ing hydraulic lift. The lift is raised and tilted,
and the topmost course of lumber moves by
gravity to the dry chain. The stickers slide down
a ramp to a sticker bin or conveyor. The lift is
then raised to the next course of limber and the
cycle repeated.
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Figure 76.—Box frame sticker guide of 2- by 12-inch lumber can be raised or lowered by means of a small, electrically
operated hoist attached to metal beam shown directly above head of workman. Frame insures good side and end
alinement of the load.
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F16URE 77.—Portable sticker guide for stacking packages of lumber.

Box Piling Random-Length Lumber

At many plants, particularly those drying
hardwoods, segregation for length is not prac-
tical. The box-piling method of stacking is rec-
ommended for these plants. Random-length
lumber that is box piled will dry straighter,
flatter. and more uniformly, and sticker losses
will be minimized.

Three methods of box piling are in general use.
For purposes of description they are termed
methods I, I, and IIT.

Method 1

In box piling by method I, the length of the
outside boards 1n each course is equal to the full
length of the pile. Thus, in figure 79, boards
Nos. 1 and 7 in all courses are as long as the
pile.  Other full-length boards, when available,
are usually placed near the center of the courses,
such as boards 4 1n courses A and B of figure

79. The shorter boards in the same course are
alternately placed with one end even with one
end of the load or the other. The shorter boards
in all courses in the same tier of boards are all
placed with one end even with the same end of
the load. For example, in figure 79 all the even-
numbered short boards, with the exception of
board 6, course D, are placed even with the front
end and all odd-numbered boards even with the
rear end of the load. Occasionally two narrow,
short boards, such as boards 5 and 6 of course
D, are placed over a wider board, such as board
5 of course C. Also, two or more short boards
can sometimes be laid end to end in the same
tier of lumber. For example, 6- and 8-foot
boards could be laid end to end in a load of lum-
ber 14 to 16 feet long.

The column effect obtained insures that all
boards are well supported and held down, and
warp, particularly cup and bow, is thereby less-
ened, along with sticker deformation and break-
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Fiecure 78 —Rack for transporting stickers on a kiln truck.

age. The unsupported ends of the short boards
within the load may warp to some extent.

If enough full-length boards are not available
for placement on the sides of the load in occa-
sional courses, shorter boards, laid end to end if
short enough, can be used. When this is done,
place filler blocks in any gaps between the
stickers above and below the course of lumber,
particularly when the gaps occur at the ends of
the load (fig. 80). These blocks will keep the
ends and sides of the loads from sagging and
will also reduce sticker breakage. The %locks
should be of the same thickness as the lumber
being dried.

Method II

Method II box piling, as illustrated in figure
81, 1s used for random-width lumber. This

method of piling prevents the building of defi-
nitely vertical tiers, except the outer ones. The
short boards in the interior of each course are
alternately placed at opposite ends of the load
as by method I; this results in some stickers
and board ends being unsupported. In such
cases, the restraint exerted by the stickers is not
sufficient to prevent warping of the lumber. Also,
stickers may deform and break.

Method III

In method IIT box piling of lumber of random
length and width, the length of the outside boards
in each course is equal to the length of the load
or package. All of the shorter boards are laid
with one end even with the same end of the load.
Whenever possible, however, two or more short
boards together equaling the length of the load
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M—115643—F

TFieure 80.—Box-piled loads with short boards on the outside and blocks between unsupported stickers.

M—1165666—F

Fieure 81.—Method II box piling, used for lumber of random length and width.
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are laid end to end. This method of stacking
results in large empty spaces at one end of the
load. Because of these spaces, lumber warping
and sticker damage may be heavy. Lumber at
that end of the load may dry too fast and in-
crease surface and end checking.

Stacking Lumber for Various Types
of Dry Kilns

Stacking procedures must conform to the type
of kiln used, especially its air-circulation sys-
tem. The direction of airflow—whether up,
down, across, or lengthwise through the load—
must be considered.? Uniform drying depends
on uniform air movement through the loads, for
which correct stacking is essential.

Stacking for Natural-Circulation Kilns

The principal direction of airflow through the
loads of material being dried in a natural-cir-
culation kiln is vertical, mostly downward. Air
velocity is low, usually 15 to 25 feet per minute.
The vertical movement of air through the loads
is obtained by building flues in the piles (fig.
8, p- 24). Usually, these flues are 3 to 5 inches
wide and are spaced about 18 to 24 inches apart.
The sides of the flues need not be perfectly
alined vertically, since boards projecting into the
flues will not deflect the slowly moving air to a
great extent. The fues, however, must be open
from the bottom to the top of the load.

Stucking Lumber—One frequently used meth-
od of stacking lumber for mnatural-circulation
kilns (fig. 82) has a large central fue; in addi-
tion, all boards in each course are spaced 1 inch
or more apart. The flue is generally 8 to 12
inches wide and need not be tapered: the top is
left open.

Stacking Special Items.—Special items such
as furniture squares, gunstock blanks, barrel
staves, and other short-length stock must be piled
with special care to permit adequate circulation
of air around the pieces for uniform drying.
The shape and size of the item often dictates
how it must be piled. Following are a few sug-
gestions and cautions.

1. In any load, be sure to include vertical
flue.

2. Space the pieces in any course so that air
can circulate between them.

3. Keep area of contact between pieces in ad-
jacent courses as small as possible, thereby im-
proving the chance of uniform drying.

2 TorcEsOoN, O. W.
CIRCULATION IN A LUMBER DRY KILN.
Forest Prod. Labh. Rpt. 1653, 5 pp.

EFFECT OF PILING METHODS ON AIR
U.S. Forest Serv.
[Processed.] 1950.
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4. Don’t pile as much stock as possible on the
kiln truck at the sacrifice of adequate air cir-
culation; this merely prolongs kiln-drying time
and invites nonuniform drying.

Two ideas for piling special items are shown
in figures 83 and 84. Figure 83 shows a kiln
truckload of barrel staves piled on edge. Un-
less too loosely piled, the pieces will stay reason-
ably upright, allowing air to circulate among
them. Figure 84 shows a method of stacking
short-length material, such as barrelhead stock,
that works reasonably well provided the pieces
do not overlap more than 2 inches.

Stacking for Forced-Circulation Kilns

The air-circulation systems in forced-circula-
tion kilns may move the air vertically, trans-
versely, or longitudinally through the material
being dried. Therefore, the method of stacking
the material depends on the direction of airflow.
Because of the higher air velocities produced in
these kilns, boards projecting from the sides of
the loads can act as scoops and should be avoided.

Lxternal-Blower Kilns—In some external-
blower kilns, the air is blown upward through
the loads (figs. 9 and 10, pp. 25, 26) and A flues
are therefore required (fig. 85). This flue is
usually 12 to 14 inches wide at the bottom and
shoul(f’ taper to about 1 to 2 inches at the top.
If boards project into the flue, air will not cir-
culate evenly and drying will be nonuniform
throughout the load. To avoid this, two A-
shaped forms, one at each end of the load, are
used as guides. The edges of boards adjacent
to the flue are laid snugly against these forms,
thereby giving uniform taper to the flue from
bottom to top. To prevent air from short cir-
cuiting over the top of the load, the top of the
flue is covered with a course of plywood or dun-
nage.

Internal-Fan Kilns—The fans in some kilns
are located below the loads and blow the air up-
ward through the vertically stacked lumber (fig.
86). Tension springs on the chain ties attached
to the bottom and top of the vertical beams take
up slack as the lumber shrinks, thereby prevent-
ing load distortion and holding stickers in place.

In cross-piled, internal-fan kilns, the air moves
from end to end of the loads, perpendicular to
the stickers. A space of at least 11, inches must
therefore be left between the edges of all boards
in each course (fig. 13, p. 29). If these spaces
are not provided. the air cannot move through
the loads.

The movement of air through end-piled kilns
with fans located above or below the loads s
across the loads and parallel with the stickers
(figs. 14 and 17). In these kilns, the edges of
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Ficure 82.—~Lumber being stacked for drying in a natural-circulation kiln. The large central flue allows free vertical
circulation of air.

any boards projecting beyond the side of the
load into the plenum chamber (the space be-
tween the side of the load and the kiln wall)
will act as air scoops and uniform air circula-
tion across the loads will not be obtained. Also,
overhanging ends of boards at the ends of the
loads should be avoided. The openings left be-
tween such loads when they are placed end to
end in the kilns permit large amounts of air to
short circuit through them. In loads stacked for
transverse circulation, boards can be placed edge
to edge in each course. A load of softwood lum-
ber stacked for kilns of this type is shown in
figure 70, B, p. 80.
555315 0—61—7

Stacking of special items for drying in in-
ternal-fan kilns 1s illustrated in figures 87, 88,
89, and 90.

Multiple-Course Stacking of Lumber

It 1s poor practice {o stack loads of lumber
with two layers of boards laid face to face in a
course. The boards in contact with each other
will dry more slowly and will be more suscepti-
ble to stain and warping then if in single courses.
When stacking miscut lumber, place the thicker
boards on the outer edges of the load; this will
avold the need for doubling up boards on the
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M~—98647-F

Fieure 83.—Kiln truckload of staves stacked for a natural-circulation kiln. The small size of the vertical flues
(note hand) and the topping of the load reduce circulation and extend drying time.
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This load was built with adequately sized flues,

but the rather large overlap could slow the drying of the ends.
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trucks for drying in an end-piled dry kiln with forced

transverse circulation.
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Figure 85.—Lumber stacked with an A flue for an

external-blower type kiln.
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-—Bundles of softwood squares stacked on

and placed on kiln trucks fo

M—115544~F

FieUre 86.—Vertically stacked lumber for internal-fan

Figure 88

r drying in an end-

circulation.

pallets

piled kiln with forced transverse

kilns with vertical air circulation.
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FIGURE 89.—Barrel staves stacked for drying in an end-
piled kiln with forced transverse circulation.

outer edges to prevent crowning of the load. If
additional cross support is required at the bot-
tom of the load to prevent sagging of the lum-
ber, a course of dry 2- or 3-inch material is
preferable to a multiple course of the unseasoned
lumber being stacked.

Kiln Sample Pockets

Kiln samples are placed in pockets built into
the loads or packages of lumber at the time of
stacking (fig. 91). The stackermen should be
told where to provide sample pockets in the load
(page 103). Since the kiln samples are usually
longer than the space between tiers of stickers,
the sticker or stickers immediately above the
sample should be shortened the width of the
sample. Otherwise these stickers will bear on
the sample and make 1t difficult or impossible to
remove for periodic weighing and examination,
especially 1f the sample cups.

Cover Boards on Loads Stacked
for Kiln-Drying

Loads or packages of material stacked for kiln-
drying are often air-dried first or held on the
tracks at the loading end of the kiln for several
days before going in the kiln. Such stock should

188, U.8. DEPT. OF AGRICULTURE

be protected from the elements. Portable roofs
made from such materials as roofing paper, ply-
wood, or corrugated metal are often used for this
purpose (fig. 92). An open shed at the loading
end of a kiln is an effective means of protecting
stock from rain and sun before it goes into the
kiln.

Weights and Restraining Devices

Weights placed on top of a load or restrain-
ing devices that exert pressure are frequently
used to reduce warping of the top courses. Short
lengths of rail are sometimes used for this pur-
pose. The weights should be placed directly over
the tiers of stickers. Restraining devices some-
times used consist of wire rope and tension
springs attached to each end of light I-beams
that extend across the load directly over the
stickers and about 6 inches beyond each edge.
The tension spring is pulled into heavy ten-
sion and hooked into a sticker opening about 5
to 6 feet below the top of the load. Occasion-
ally, as the lumber shrinks during drying, the
hooks are pulled from the load and reinserted at
a lower point, thus taking up slack in the rope.
Turnbuckles or load binders are occasionally used
instead of springs.

J
\ A

.\?"

M-115642-F

Ficure 90.—Bowling-pin blanks stacked fer kiln-dryﬁng
in an end-piled kiln with forced transverse circulation.
Rack holds blanks in place. Air circulation is parallel
to the stickers.
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g sample pockets and kiln samples.

F1gURE 91.—Box pile of random-length lumber showin
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M-115539—F
8 of lumber stored out of doors prior to

Figure 92.—Corrugated asbestos-cement board roofs cover kiln truckload
kiln-drying.



CHAPTER 6. KILN SAMPLES

The temperature and relative humidity sched-
ules used in a dry kiln affect the drying stresses
that develop in the wood (ch. 8). Such stresses
follow a well-defined pattern closely associated
with the changing moisture content of the wood.
Therefore, moisture content, which can be deter-
mined easily at any stage of drying is a logical
basis for applying a drymg schedule.

Since it 1s impractical to make moisture deter-
minations on all the lumber in a kiln charge,
samples are cut from boards representative of the
material being dried. These samples, called kiln
samples, are so placed in the charge that they
can be removed easily for weighing. examination,
and testing periodically during drying. Thus,
the moisture content of the charge can be esti-
mated and the progress of drying charted.

The handling of kiln samples requires much
of an operator’s time, and sometimes additional
manpower is needed. Also, some material is lost
when kiln samples are taken. These disadvan-
tages, however, are more than offset by several
advantages. The selection, preparation, placing,
and weighing of kiln samples, if properly done,
provide information that enables a kiln operator
to (1) reduce kiln degrade, (2) obtain better con-
trol of the desired final moisture content, (3)
reduce drying time and improve quality, (4) de-
velop time schedules, and (5) locate sources of
trouble that affect kiln performance. All of
these advantages add up to lower drying costs
and more uniformly dried, stress-free material.

This chapter covers selection and preparation
of kiln samples; the number of samples re-
quired in a kiln charge: determination of mois-
ture content and ovendry weight of kiln samples;
how to use samples during drying; how to make
Intermediate moisture determinations; final test

procedures; and the recording and plotting of
drying data.

Variability of Material

. In order that full use be made of known dry-
Ing techniques and equipment and that good dry-
Ing be assured in the shortest time, each kiln
charge should consist of material having about
the same drying characteristics. In order to do
this and to select representative kiln samples,
the operator must consider certain variables in
wood that affect drying: (1) Species; (2) thick-
ness; (3) moisture content; (4) heartwood and

sapwood; (5) grain (plainsawed or quarter-
sawed) ; and (6) final moisture content.
Species

Woods of the many species that grow in this
country have a wide range of physical proper-

ties (5).! Several physical properties influence
the ease of drying; among them are specific
gravity, shrinkage, moisture diffusion, and

strength perpendicular to the grain. Such woods
as basswood, yellow-poplar, and the pines are
relatively easy to dry with few or no serious dry-
ing defects. Others, such as the oaks, black
walnut, and redwood, are more likely to check,
honeycomb, and collapse during kiln-drying. For
this reason. dry only one species in a kiln at a
time or, at most, a few that have similar drying
characteristics.

Thickness

When lumber dries, the moisture evaporates
from all surfaces, but principally from the broad
faces. Thickness, therefore, is the most critical
dimension. The thicker the stock, the longer
the drying time and the more diflicult the drying
job. Lumber of different thicknesses cannot be
dried in the same kiln charge without either
prolonging the drying time or risking drying
degrade.

Badly miscut lumber needs to be watched for.
Even nominal 1-inch-thick lumber may, if badly
sawn. vary in thickness from 34 to 114 inches
in the same board. The thinner parts will dry
more rapidly than the thicker ones. Dress such
lumber to a more uniform thickness or segre-
gate it from well-cut material.

Moisture Content

The extent to which lumber has been dried
before it is put in the kiln must also be con-
sidered. because moisture content governs the
drying conditions that can be used. If all the
free water has already been removed, more se-
vere drying conditions can be used in the initial
stages of kiln-drying with little or no danger
of producing the usual drying defects (ch. ?)).
Further, a uniform initial moisture content malkes
drying to a uniform final moisture content much

LTtalic numbers in parentheses refer to Literature
Cited, p. 111.
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faster. If the boards vary considerably in initial
moisture content, a longer equalizing time may
be required at the end of the run.

Heartwood and Sapwood

Sapwood usually dries considerably faster than
heartwood. Resins, tannins, oils, and other ex-
tractives retard the movement of moisture in the
heartwood. Tyloses and other obstructions may
be present in the pores of the heartwood of some
species, notably white oak and the locusts. Some-
times it is practical to segregate the heartwood
and sapwood boards. The green moisture con-
tent of sapwood is usually higher than that of
heartwood, particularly in the softwoods. For
these reasons, heartwood lumber may not reach
the desired final moisture content as soon as sap-
wood, or vice versa. One or the other may there-
fore be overdried unless an equalizing treatment
is used.

Grain

Quartersawed boards generally dry more slowly
than plainsawed, but they are less susceptible to
surface checking. Therefore, a more severe dry-
ing schedule can be used on quartersawed boards
to reduce drying time. For this reason, in the
drying of such 1tems as vertical-grained flooring
strips it is advantageous to segregate flat- from
vertical-grained material.

Final Moisture Content

As a rule, two or more classes of material
should not be put in the same kiln charge if they
are to have different final moisture content val-
ues. If the stock to be dried to the highest final
moisture content reaches that value at about the
same time that the rest of the charge becomes
adequately dried, no harm will result. If, how-
ever, this stock reaches the desired moisture con-
tent first, it must be removed from the kiln to
prevent overdrying. Its removal leaves empty
spaces in the kiln that can disrupt air circula-
tion through the remainder of the charge, with
resultant nonuniform drying and prolonged dry-
ing time.

Drying Mixed Charges

Ideally, segregation of lumber is based on all
of the factors that affect drying rate and drying
quality. Since this is frequently not possible
or practical, a kiln operator must be guided in
his selection of kiln samples primarily by the
drying rate of the most critical, slowest drying
material. That is, he must select the largest
number of samples from the slowest drying ma-
terial. Some samples of the fastest drying ma-
terial are also needed, however, since these will
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determine the time when the equalizing treat-
ment should be started (ch. 8).

Number of Kiln Samples

The number of kiln samples needed for any
kiln charge depends upon the condition and dry-
ing characteristics of the wood being dried, the
performance of the dry kiln, and the final use
intended for the material.

Drying a Charge by a Prescribed Kiln
Schedule

By far the most important purpose of kiln
samples is to enable a kiln operator to dry a
charge of lumber in accordance with a predeter-
mined schedule. Such schedules generally call
for changes in drying conditions that are based
on the moisture content of the stock during vari-
ous stages of drying.

Because of the many variables that affect drying
results, the specific number of kiln samples re-
quired for each kiln charge must be determined
through experience. A rule of thumb is to use
at least four samples in charges of 20,000 board
feet or less. For charges of 100,000 board feet
or more, 10 to 12 kiln samples per charge are
usually satisfactory. Use more samples, however,
when (1) drying a charge of material composed
of different species, thicknesses, moisture content
levels, grain, or mixed heartwood and sapwood;
(2) drying a kind of wood not previously han-
dled; (3) drying costly special items, such as gun-
stock, bowling-pin, and shoe-last blanks; (4)
obtainmg drying data for use in modifying a
drying schedule or in developing a time schedule;
and (5) when the performance of the dry kiln
is unknown or erratic.

Developing a Time-Temperature

Schedule

At plants where certain items are regularly
dried in sufficient quantity, the operator can util-
ize kiln samples to develop time-temperature
schedules for subsequent charges of the same
item dried to the same moisture content in the
same kiln. This may involve extra sampling work
to measure the full range of variables, but after
sufficient information and experience have been
obtained, kiln sampling can be dispensed with
for future charges of the item. Obtain drying
data on at least eight charges of the item before
deciding on a time schedule.

Time schedules are generally used in the dry-
ing of softwoods. It is possible, however, to de-
velop satisfactory time schedules for some of the
more easily dried hardwoods. Some samples
should, of course, be used occasionally to check
the performance of the kiln and the final moisturse
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content of the stock. Some operators using time
schedules for drying softwoods employ kiln sam-
ples to determine when to equalize, condition, and
shut off the kiln.

Checking Kiln Performance

Studies of kiln performance show that dry-
bulb temperature and rate of air ecirculation
throughout a kiln may vary considerably and
affect the time and quality of drying (J). Van-
ations in temperature and circulation can be de-
termined with testing equipment (pages 57-62)
(1). If such equipment is not available to the
operator, kiln samples can be used to check kiln
performance. Cut all samples for this purpose
from the same board or from boards having
much the same drying characteristics. Place
them near the top and bottom and on both sides
of each load, at intervals of 10 to 16 feet along
the length of the kiln. o

Kiln samples that dry slowly indicate zones of
low temperature or low air circulation, and those
that dry rapidly indicate zones of high tempera-
ture or high rates of air circulation. If the dry-
ing rates of the samples vary greatly, find and
correct the causes (4). Differences in drying
rates between the samples on the entering- and
leaving-air sides of the loads will assist the oper-
ator in determining how often to reverse the air-
flow. The greater the difference in drying rate
between the entering- and leaving-air samples,
the more frequently should the direction of air
circulation be reversed.

Selection of Kiln Samples

Boards from which kiln samples are to be cut
should be selected while the lumber is being
stacked for drying. This can be done by a
trained stackerman. The operator cuts kiln sam-
ples from those boards most representative of the
heavier, wetter, and thicker stock of the charge
and containing a comparatively high percentage
of heartwood. Usually one kiln sample is cut
from each sample board to assure a representa-
tive group of kiln samples (fig. 93). In random-
width material, kiln samples are cut from boards
about 7 to 9 inches wide.

Some kiln samples are also cut from boards
that represent the drier and faster drying stock.
Such boards will generally be flatsawed, narrow,
or scant in thickness, will contain a high percent-
age of sapwood, or be drier than the rest at the
time the lumber is stacked for kiln-drying. These
kiln samples are used during the final stages of
drying (ch. 8).

For studies of kiln performance, two or more
matched samples are cut from the same board
(fig. 93).
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Ficure 93.—Method of cutting and numbering kiln sam-
ples and moisture content sections.

Preparation of Kiln Samples

Knots, bark, pitch, and even a small amount of
decay should preferably not be included in the
parts of boards cut for kiln samples, except when
drying lumber of common grades. The moisture
sections that are cut from each end of a kiln
sample (fig. 93) must be of clear, sound wood.
Completely remove any bark present on the mois-
ture sections and kiln sample before they are
weighed. The bark interferes with moisture con-
tent determinations and the rate of drying of the
kiln samples.

Cutting the Moisture Sections and Kiln
Samples

Mark the moisture sections and kiln samples
for identification, as shown in figure 93, before
they are cut. Usable lengths of lumber can be
salvaged from each end of the board when the
moisture sections and kiln samples are cut. If
no usable lengths would be left, cut the moisture
sections and kiln samples about 20 inches or more
back from the ends of the boards to eliminate the
effects of end drying.

With certain exceptions, moisture sections are
cut not less than 1 inch along the grain and
across the full width of the board. It may be
necessary to cut moisture sections less than 1 inch
along the grain, particularly for obtaining quick
moisture determinations and when using a self-
calculating moisture content scale. To minimize
errors, take extra precautions in cutting, han-
dling, and weighing these thinner sections. In
dimension stock 1 inch square or less in cross
section, moisture sections are cut 2 inches or more
in length along the grain. Cut the moisture sec-
tions on a sharp, cool-running saw and weigh
them immediately. If it is necessary to cut a
number of sections at a time before weighing
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them, wrap each one separately in aluminum foil
to prevent drying.

Keeping saw, scales, and oven close together
in a well-lighted, draft-free area i1s helpful in
obtaining accurate moisture content determina-
tions. If the sample boards must be cut some
distance from the scale, cut long pieces from the
boards and take them to the weighing area,
where the moisture sections and kiln samples can
be cut from them with a bandsaw. In such cases,
trim and discard a section at least 1 inch long
from one end of each piece.

Determining Moisture Content and
Ovendry Weight of Samples

The moisture content of a kiln sample is deter-
mined from the moisture sections cut from each
end of the kiln sample. The average moisture
content of these two sections and the weight of
the kiln sample at the time of cutting are used
to calculate the ovendry welght of the kiln sam-
ple. This calculated ovendry weight and the sub-
sequent weights of the kiln sample obtained at
intervals during the drying—called current
weights—are used to compute the moisture con-
tent at those times.

Weighing Moisture Sections—After the mois-
ture sections are cut, rapidly remove all bark,
loose splinters, and sawdust adhering to them,
and weigh them immediately. Weigh each sec-
tion to 15 of 1 percent of its weight; it 1s neces-
sary to use a scale capable of weighing within
this degree of precision. Obtain the weights in

ams, instead of grains or ounces, so that calcu-
ations will be simplified by using the decimal
system. A triple-beam balance (fig. 38, p. 49)
is a convenient type to use for weighing moisture
sections. Other types of balances are 1llustrated
in figures 39 and 40.

To remain accurate, the knife-edge bearing
surfaces of a triple-beam balance must be kept
free of dirt, oil, grease, and corrosion. Protect
the scale with a dustproof cover when it is not
in use, and check its accuracy and sensitivity at
least once a year against standard weights. The
scale should be balanced on zero before each
series of weighings.

To save weighing and calculating time, the
two moisture sections cut from each kiln sample
can be weighed together. This, however, does
not give the difference in moisture content usually
present between the two moisture sections. After
weighing them, mark the weight on each section
and, when weighings are completed, enter the
weight on tabulation paper or a data form drawn
for the purpose.

Weighing Kiln Samples.—After the kiln sam-
ples are cut, remove all bark, loose splinters, and
sawdust adhering to them and apply a good end
coating. Many effective end coatings are avail-

able (2). They should be used as recommended
by the manufacturer. Immediately after end
coating, weigh the kiln samples on a scale or
balance that 1s sensitive to 0.01 pound or approxi-
mately 5 grams, and that has a capacity of about
35 pounds (fig. 41, p. 52). The weights should
be in either the metric system or in pounds and
hundredths of a pound, but not in pounds and
ounces. Mark the weight on the kiln sample and
also record 1t on a data form.

Usually, the weight of the end coating can be
disregarded. In drying some special items, how-
ever, 1t may have to be considered. When that
1s necessary, weigh the kiln sample before and
after it is end coated, the difference being the
weight of the coating. Record that weight and
subtract it from all subsequent weights of sample
obtained during drying.

Ovendrying Moisture Sections.—After weigh-
ing them, dry the moisture sections until mois-
ture-free in an oven mainta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>