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ALK CTROULATION U LUMBER DET KILNS

The drying of lumber ia Dry Kilns consists of two sepacate probleoms,
One deala vith thp mudnﬁ of moisture evaporation and thz olusr with

Lhe physical conditlons involved in the extraction of the noisilure
from the luwber with a minfmum of Injury to the material.

The ains of this report will be limfited wo the air circulation in
dry kilins and the factors affceting the rate of uniformity of the
ail’* glﬁ‘ho .

The nrnolwm concernad with the extraction of the mokwtu"e 'eom the
lumber will be touchsd on haru only briefly to bring out ity cone
neetion with the air circulation,

fa FLOW OF ™OTSTURE il THE WOOD

4

Wnen the particles of waker in wood are at rest they de ot move 1L
§a‘ The wolstare is unilormly distributed throughonut the wood and -
\B§ The temperature of the wood is uvanifoit.

“hen the above conditions of balance are upset the moisture insids
of the wood veging to move. IL moves from the pﬁ;nu ef higher mole~
Lture eontant Lo the wointg of lower molgture cont and from tne
po:nt of rign@r *meurauurew Lo the points of iow\r enmﬁcra4u”cso

he rate af inerssoe of moisturs eontent of 1emp wrature fvom poind
to polnt In the wood 18 ai*eu eqmeaai?exy, the "loisture nnd
Temporaturs Geadienta®, The oresence of olther the temperaturs or
meisture pradient is necessary to set moisture iﬁ motion. Tre muise
ture [Dlaw due $o the tvmpH“&tﬁﬁt differenes is Lerved = "Therw:
RDiffusion®. The guriace of the beard in the dey kiln is iv oontace
with the kot adr and its temperature is therefore highsr than the
temperature of the board core. ﬁonoequenbly the "Therme Diifusion®
has g tendeney to retard the moistura 1&a“ toward the dboard surfzee,
Tte infiucnge, however, does not affect this flow wmuch, but veb its
presence dictates the neessaity to ?eup the temperacure gr1£5ent
serons © boards at s possibie minimuu, The flow of moistuwe due
te the nolisture pgradient is a very importart facter ia the diyleg
of wogds, This gradieot 1s ususlly produced b) the ﬁ?uﬁ&“&ﬁiﬂﬁ of
galsturs from the board surface., In other words; the wood 1s wmads
drizr on {ts surface and thereby; a fiow ol moisture £rom the interisr
t&*%¢§ £he du”fu@@ takes plaes, Usualﬁy) bub not always, the steeper

the Swisture gradient the fagﬁnr the molzture moves ¢9 the board sur-
;\ H8% o
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TI  TUE YORE ASSTCNED TO THE ATE GLRGULATION
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i 45 B

frrwomwtd,, ;hﬁx t8y, 1% bhasg ths qpi«i by ¢o hicid moistura.,
;': 44 h) "', :

she air z«.%.,‘“;y(«zni‘lbﬁpe’ Lhe more wmelistuye the air ig (ch’.)}.e

: The amount of water in p@unas or gyveling iu 2 cubiz foot
exlled uﬁ“ abaclute weildity., The vatioc of the wmier vapar
present in s ouble foor Lo thae waight of the B which o
v fogt willl nold when fuliy sadurated, 3s calied the relative
idaty of the alry, anc oftven is expresaesd in terns of yhlneﬂtn IL
seione that the relative huwmiaity is Lbe measuremeat of the drying
i ol adr,
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¢ Lo the surface of the board must be removed
fw&GJ”ﬂ Lo maintain the Fmaivea melgbure gradient in
Tniv 1« uiﬂ@ by the evaperation of moisture from ths
e85 arately 000 BT s are vequired o evaperase
ane tﬂu £ water at atmospherie pressure, These BTU's are {urs
115 ed oy high oalr veloolty whie h is in won tact with the beards,
A@ du {nx% work of w?ﬂpsfa tion the hkeat eontont of the iy mist
11y be suffielencly high o maintain the desired rate of
@V&?Qf&tiﬁwa

The heat supply i= ; asX assigned to sthe alr. Tt st
elss be zapable of ¢vquvb£n“ Lh@ nwz raLad maisture and eayrry i
away,; besause the rapl:*amem% of aly 4= also e s@ruiﬁl to the cone
tinued drying. Thus air mist uir@u&ate nnr@"ﬁn the lumber. I
ahmre wers no eirsulation the air wovld zbsorb the melsture fren

the wood until it wso saturated, and thﬁa the drying would ceuse.

The abserbing "drying power” of the air d depernds upon its tenparainre
and relatdve humidity, that 19, on the gy oend wet bulb ﬁempe“aﬁureso

Compared with a drying prosssa where the metsturs pau moved is tho

fagiog ?*'f~, pr tae sand for eras v?i %h@ p;iz ving of

o F @ i ) yirg ﬁions {oemperssy
, : civeniatican) ars v ¥ =},§- oonbroeilied,

idﬁ““il may be imjured ana dts wolue fepred)

ot ol alr 4s the maa of mainbatning 3‘f€¢
’“@uﬁhgv@ thﬁ ismaﬂ oad for L R o ra v
atr Hien s wndlforn and amvﬁa
in the HYVE p ayvjug condivions so important
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. popaible oLy whoin t}

temperaturs eat alweys Jlows {ron the pol

Lures to o 5 swer vemperatures., Therefore,

suce of the lumber must slways be lowar than that of the

neat is fdowing toward the lumber, Consequentily, the Lomne:

ol thg wvater vapor leaving the lumbar sand entering tne

is below the dry bulb tempersturs of the alv, Hence the

astlon of the evaporation.’ Temperature drop across the |

a3 the sghedule progresses. With the vapor there is sl

ail of the heat of the liguid which befaors the evaporation was part
of the total heat of the lead, o

If the air is made to travel continvously in one direction throush
the lumbar lead, %he side where 1t enters the load will hegin o
dry more rapidly than that where it lesaves the leoad, beesusze &
air has cooled and becoma more humld in passiag thoough it.

in order to zecure more uniform drying of luwber in all pacts
Lhe lumber load with a consequent reduction of drying Lime and
lunber spollage, the direction of the air clroulation mast he
pericdisally reversoed, ‘

in the kiln with imternal fans ¢the direciion of the air
is changed by reversing the electrie motors that divive
e blower type kiln the veversing elrcvlastion is aocom
Justing a serles of dampar levsrs,

h
fal

The lap dn the drving of lumber at the side of tae
cecreased by the incvecase of the aler ovw. Then the
eff the Load will be distribubed in the larger woli
the relative humidity, the dry bulbd temperature, ar
poweyr of the alir, are more wniform acvoss the load.

id, IMPORTANCE Of i AR FLOW VELOCITY

owing through the passages left in the lumber tcad
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, o . the board asides., Lust
B s iz called the ¥streamlined or Lmw
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The particles of air {Qowing through
‘630 eontact the above air film and ged
th r drying powers The chance of t{hese
A Lhe oLner parvicles of ailr flow and
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}lpw aiv velooity bﬁrsugh the lumber gives the following
=5 1T speeding up the dryving.

ransfaer from the air to the water in the

~
G

Lhe dry buld temperature and the relative humidity across
the flow are more uniform because more air paruicles are

taking pdr@ in the absorption of the moisture from the
lumnber

V. THE ECONGITICAL ATR CIRCULATION

Theré are two basic methods to increase the velocity of the air
flow, The velocity can be increased:

{a) == By eirculasing more air through the lumber load.

(b)) == By dee?aauxnﬁ the cross section of the air fiow, that is
oy use of ninner stickers,

gl

qg el

increase of the volume of air ecirculation cannot be done withous
inerease of power input which goes up much faster than the zain
he velocity,

1 e ]
L ® o
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e
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LT I

ording o the lawg of fan psrformance the air delive 2Ty off tha
working asalinst unchanged systems is approximately directly
rtiona 1 %o the DPM; but the power inpui changes upprs,.wxrm‘ﬁ}y
he gube of the RPM., In other words, if we increase the NP

it would double u*@ aixr delivery if the system was not changad
he powsr required would go up eight timeso
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gaina in the drying ability of the air do not incr@asb i direcn
portion to the veloeity. When Point A, in Figure #3, is reached,
urtne inerease of the flow turbulence with une inerease of
¥s becomes very spalle The criterion by which the elficiency
' vclﬁﬁgty is to ba judged, is fhe cost of the luunber ¢ r"ix
efiect of the higher veloeity on the economy in mind, At
arises az to r“”t canehﬁauuﬁ“ the econcmical welooliv.
uhe eooromiaal, veloelty for the individusl dry P?*‘c o
with She higher aiy vﬁla citles must be w
installations, return of such fnuw. Wi
The VWestsrn Pine Assoelation, for «
cimental kiln in ¢9§?1 cange 5o bha ¢©
nomicel air vsg@uity for the ”ry*nﬁ ol i
3 ar; load § feet wide and 11 feet Lilghe v
. The zir circulation was nﬁfiojLQvL"” Ty
swckea with 15/16% scickers.

st ey e
N Bl 3
T (el

, ' increasgt ing velocity of the air flow ia e
ng fxlha b? ?ﬂuuclng 1} ckness of the stickers, the following fq
st e considered first before we will be able 4o give an intell
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The above prablem involves the knowledge of relations exiziing bety o
the alr welocdty aud the lumber load ducts creahed vy Lhe ol ;
Lag various thicknesses and the resistance of the alr flow.
flow between the twe points is impossible if the pressuwre at
points are eaual, Only the pressure difference will produss
This pressure difference is called the total hesd. Part of ]
nead, called the welocity hesd, is spent to mske the air move; :
is, %o produes sir veloeity and the balance bulging the zides &
zhamnel is called static pressure; and 1s that pressure that is ro.

quired to overcoms the resistance offersd to the flow. Roughly souule.
ing, the total resistance to the asir flow is conposed of the resistance
required to ovarcome the friction and a pressure loss due to shorek,
causad by the changes of direction of the air flow, or due to the sud-
den enlargement or contractions of the air flow.

The lumber lecad openings can be considered as a number of rectanguiar
duct channels in parallel. The static head which is fiecessary o over.
come the resistance of the alr flow through these lunber openings is

a sum ol the pressure required to cover Lhe friction loss plus ths - 5.
sure required Lo off'set the entrance losa.
Both the ertrance and the friction losses vary with the square of -
velocity ard Increase with the deerease of the sticlker thickneo o
broadness of the vosrds and the width nf the load. 1he cifect of v.:
sticker thickness un the velocity ig for the velocity to incres Py
the decrease of the sticker thickness and for the entrance pre
iosses Lo inersuse as the sticker thickness iz dacreassed, The g
1 ©of sticker thicknas a 9 :
6) of the air cirsulating systex in. the kilng that is, the total

dsliver

<

pressuce the fans are working against; and that fan air
e becomes smaller, That means that She volume of sir paus
25 with the sticker thickness regaydl

the lumber decresss , éss of o
or high the alr speed may be. The above factors entvering the prs
g0 uot Jeave any possibility to give the direct answsr. Each cane
Le analysed separately, because the drying rate 1s COVETLAL BoL |
ey the air vezlocity bub by the air ecirculation as wiell, and ther
the increase of the air velocity at the expense of the air wolume 1
after & step in the wrong direction,

a C
36 evidently will also increase the overall
-

o

+

There are other posaibilities to inerease the air fley in

A

Lo Thu dise fan of larger diameter, turning slower, de
per horsspower than the smallor fan running fae

samd slr flow in the kiln. That is why C. La b

05 mamnlacture dlse fans with dlamebers up Lo B4

sver moye alr por horse power,

N g I3 NE T ¥ LR RS 2.
M a5 LAENS now ussd. G, Me LOVSTED &
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Always stack your lumber im aouare unifomm packeges, anc b»
that these packages are stacked on your kiln trunks so %hat
pacuages are even in both horizontal and wvertlical plancs.

Segregate your lumber for length so that you have a &
volds at the one end of the load which iz one of the ¢
Tactors for sherh gireaiting and alr flow reduction i
These volds being the path of least resistance, the ai
tnrough them and not thirough the stickeread Lumber

Segregute your lumber for light
te suwrs that
bottom 80 the &
least resistanc
the opening whi
stickers,

e
}\)

ur 10:;;&u are *:’l; L e he Lep and at Lae

ir eg nol ha g chanoe Lo take the path of
e and flow thr ugé T openLiay relber Lnan
ch is set up for you by the thickness ol tiie

It would bve wise 4o baf{{le the egnds ¢f vyo
h]

eannot bypasa around the ends of Lhi saa

1f you are experiencing wel spotz 14 your <

ing even alter f{ollowing th@ auQYu four poxﬂnwx

ta RO insinﬁ of your kiz & all aloding bafrle

th ”Pfae(u the aiv tn Luhez and vass thyouvgh daghs
areas of the load that are coming out i a wet and wmsuen
ditien.

Check to be gure that you hawve suiiliclent air volmne
Ffansg Lo give vou ample wiiioram air flew., The slightesy
due Lo *m@rsoarwy btdCKud ]umbﬂ v, clopuy baffles, otc.,

maltiply Inbo 2 buge loss Lo & coupany.

Let us teke a few minubes

kilns and

overind of time in dollars

spoul the emallest board 4
in one thouss
from Tive

a

,‘: ,AL [} :;) i
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