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SOME CONSIDERATIONS OF THE FLOW OF AIR .

IN TIMBER SEASONING KILNS.

By
WeL. Greenhill.

SUMMARY .
The present investigations have been initiated with
thg object of studying the air circulation and relation between
- the air movement and the drying of the timber in timber seasoning
kilns. The work has been divided into five separate experiments,

each of which is summarised separately as follows -

Experiment 1 - The Measurement of the Flow of Air Through
‘Pimber Stacks. - A method of measuring the air velocity
through timber stacks by means of vane anemometers has been
established. Correction factors, which, for anyone size
and type of anemometer depend on the thickness of the timber
and of the separating strips, on the velocity, and on the
position in which the anemometer is held, have been determined
for a number of cases. These have been plotted against record-
ed anemometer readings on a number of graphs.

Experiment 2 - The Effect of the Rate of Air Circulation
on the rate of Drying. - A number of kiln runs has been made
with narrow stacks of matched material using the same
temperature and humidity in each run but different rates of
air circulation. The object has been to determine the effect
of the rate of air circulation on the rate of drying timber
apart from the question of change of drying rate from one side
of a wide stack to the other due to fall in temperature and
increase in humidity of the air. The results indicate that
with the same air conditions the rate of drying is independent
of the rate of air flow provided that this rate is greater
than some minimum value which is probably in most cases less
“than 140 feet per minute.

1.



Experiment 3 - The Relation Between the Quantity of Air
Circulat®dh and the Lag in Drying From the Entering to the
Leaving Air Side of a Kiln Charge of Timber. - A number

‘ of tests has been carried out in an experimental kiln to
determine the change in air conditions and the lag in the
drying rate from the entering to the leaving air side of a
stack of timber 5 feet wide. Different sized separating
strips and different quantities of circulating air have been
used. The theoretical relation between the quantity of air
circulated; the amount of moisture evaporated, and the change
in air conditions has also been established; the results
so calculated have been compared with those determined
experimentally.

Experiment 4 - The Relation Between Air Flow and Fall in
Pressure Across a Timber Stack. - The flow of air through
a rectangular duct consisting of boards and separating strips
and similar to the openings through a timber stack has been
investigated. Curves showing the relation between static
pressure change and rate of flow have been prepared for
different sized strips and for board surfaces of different
degrees of roughness. Equations for the pressure loss during
flow through the duct and for the entrance pressure loss
have been determined.

Experiment 5 - The Effect of Various Features of Kiln
Design on the distribution of the Air over the Side of a
Stack of Timber in a Commercial Kiln. - A series of tests
has been carried out in commercial kilns of the cross shaft
internal fan type to determine the effect of various distances
between the kiln walls and the sides of the stack on the
distribution of the circulating air over the side of the stack
The results of the tests are shown diagrammatically. The
conclusion: is reached that the 16 inch wide space commonly
adopted for fthe particular design of kiln tested is reason-
ably satisfactory although more comprehensive tests on an
experimental kiln of commercial proportions appear desirable.

INTRODUCTION.

' The increasing importance being attached to the

kiln seasoning of timber has served to emphasise the need for
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more definite information with regard to the.question of air
circulation in kilns, In the past many factors relating to the
design.of forced circulation kilns, which are now recognised to
be by far the most satisfactory for the great majority of
purposes, have been contributed as a matter of guesswork. The
object of the present work has been to investigate the quantity
of air required for the drying of  timber and the factors

affecting its delivery and distribution through a stack of

timber.

It is recognised that the work which has been
completed so far and which is described in this thesis falls far
short of a complete investigation of the problems involved.
Actually a number of new fields of investigation have suggested
themselves as a result of the present work. On the other hand,

however, much useful information has been obtained which it is

or
hoped will at least form a basis e&aﬂ¥a§;4s=$ase further work.

The investigation has been divided up into a number
of more or less independent experiments as follows :-

1. The measurement of the flow of alr through timber
segsoning stacks.

2. The effect of rate of air circulation on rate of
drying.

3. The relation between the quantity of air circulated

and the lag in drying from the entering to the leaving air
side of a kiln charge of timber.

3.



4, The reation between air flow and fall in pressure
across a timber stack.

5. The effect of various features of kiln design on the
distribution of the air over the side of a stack of timber
in a commercial kiln.

Details of each experiment and its relation to the

problem of kiln design have been set out separately in the

following pages.



EXPERIMENT 1.

THE MEASUREMENT OF THE FLOW OF ATR THROUGH TIMBER STACKS.

INTRODUCTION.

These investigations are concerned largely with the
quantity and distribution of the air circulated through stacks
of timber in seasoning kilns and for this reason the first
essential part of the work was to establish a simple and accurate
method of measuring this air flow. Furthermore, it was evident
that, for tests at commercial plants, apparatus which was readily
portable and easily brought into use without interfering with the

normal operations of the plant was very desirable.

i

Of the various established methods of measuring air-
flow which are well described‘by Ower (1), only two appeared to
warrant consideration, namely, those involving the use of the
Pitot tube and vane anemometer respectively. On account of the
comparatively low velocities encountered in practice the use of
the Pitot tube would have necessitated the use of a manometer much
more accurate than the usual Type vi purtable insirument ana such
sensitlive insvrumeancs ave. practical for use only in laboratories.
There seemed little doubt that the best type of instrument for
such air flow measurements as would need to be made in the course
of the work was the vane anemometer, and the problem resolved

itself into one of how to use this instrument and how properly to

5.



interpret its indications.
As far as can be determined measurements of the air
flow through timber stacks have, in the past, been made either by:

1. Measuring the time required for a whisp of smoke to
move from one gide of a stack to the other, or,

2. By using an anemometer without any consideration of
the possible accuracy of readings on an instrument
of this type under such conditions, or,

3. By measuring the total air delivered to the side of
a stack and from the dimensions of the openings
through the stack calculating the average flow
through each opening.

O0f these three methods the last only can have any
claim to accuracy. Such a method is, however, of no value
where the velocity distribution over the side of the stack is
to be investigated. In the first method mentioned, the
velocity determined is probably more mearly the maximum than the
average through the opening; in the second method the readings
obtained depend to a large extent on a number of factors such
as the position in which the anemometer is held relative to the
rows of boards and openings between them. It is with the

determination of these factors which affect the anemometer

readings that the present experiment is concerned.

APPARATUS.

The apparatus used in-the tests is shown in Figure 1.

6.



Hilns 1o be boill i secrions
assembied wilk robber

EXPERIMENTAL KILN FOR AIR FLOW INVESTIGATIONS

FIG.1l. Arrangement of kiln for air flow measurements.

It consists of a special kiln fitted with a propellor type fan
directly coupled to a variable speed motor. Air passes in to
the fan through the side inlets and is delivered through the
metal splitters to the top chamber. A perforated metal plate
at the entrance to this helps to even out the air distribution
in the chamber. Large doors fitted with small inspection doors
provide access to the top chamber in which the timber stacks were
constructed. After passing through the stacks of timber the
air passes directly out through the end of the chamber into the
room.

Two anemometers were used in the tests and these

are shown in Figure 2. The first one is an ordinary Biram type
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MATERIAT. USED.

Material was prepared for building timber stacks in
the kiln 12-in. long in the direction of air flow and of any of
the following thicknesses: 4-in. $-in. $-in. l-in. l3-in. and

2-in. The actual timber used was Mountain ash (Eubélypfﬁé

regnans) which was carefully sawn to size but was not planed.
Separating strips -in. #-in. §-in. $-in.§ -in. 1l-in. 1}-in. and

1}-in. thick were used.

PROCEDURE .

Each stack ﬁas built in the position shown in
Figure 1, that is, with the leaving air side just below the
second smell inspection door o6pening. Provision was made for
lowering an anemometer through this opening by means ofva thin
steel rod and while readings were being taken to seal round the
rod. Similar provision was made at the first small inspection
door opening. In the latter position the free cross section of '
the chamber was assumed divided into sixteen equal rectangles
and at the.centre of each of these, anemometer readings were
taken of the air velocity. Observations were made from the
open end of the chamber by focussing an electric torch through
suitable opeﬁings in the timber stack on to the anemometer. The
average of the sixteen readings multiplied by the free area of

the chamber was taken to be the actual air flow and from this



and the measured area of the openings through the timber stack
the average velocity through the stack could be readily
calculated.

When the anemometer was held against the timber
stack, that is, through the second inspection door opening,
its reading was affected by the timber which, of course,
interrupted the flow of air to the vanes. Furthermore, the
effect of the timber on the instrument readings was different
for different positions of the anemometer relative to the
openings. It was decided to determine the readings with the
anemometer in two easily specified positions, namely :

(a) With- the centre of the anemometer over the centre
of an opening, and,

(b) With the centre of the anemometer over the centre of
a layer of timber.

In each case sixteen readings were again taken, the
positions of the anemometer as closely as possible corresponding
to the positions in the open chamber. These tests were madé
with both the ordinary and low speed anemometer except in those
cases where the air speed was outside the range of the instrument.
The air speed through the open chamberﬁwas measured in each case
with the low speed anemometer. With each different stack
velocities were measured at five different fan speeds.

From the actual averaée velocity through the stack,

calculated from the anemometer readings in the open chamber,
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and the averagé of the'readings obtained from the anemometer
agaiﬁst the stack on the leaving air side, correction figures

were obtained by which the latter readings must be multiplied to

give the correct average air velocity.

RESULTS .

The results of these tests are shown in graphical
form on the flllowing blue prints. Each of the six sheets deals
with a different size of timber and on each is plotted for each
size of strip the correction factor against the recorded velocity
for the two different anemometers and for the two positions of
the anemometers relative to the openings through the stack.

In connection with these tests it is of interest to
note that the air distribution in the upper chamber of the kiln
was exceptionally uniform except at very low velocities when the
rate of air movement at the bottom of the chamber was somewhat
slower than at the top. This lack of uniformity became really

apparent only at air velocities less than 100 feet per minute.

DISCUSSION OF RESULTS.

It will be seen that all the curves tend to become
horizontal as the velocity is increased; when this condition
is reached the correction factor is apparently independent of

further increase in velocity.

11.



Ora’/na/yl /onemome /fer he/d over o en/ s

Correc’ron Faclor

Correc/ion Fac/or

T Ty T
bt l l 4+ 4 " 4 &_4.,- odniibgl _T oot 4~ ? L-<» 1 1 18 L«» }-—r 1] 44+ 4+ 4 . . W . .-
* O . S O - <I_1 - - - 14—ttt — : 4'4.4..,
vlivisdes 4 e . 'S T P | i
T T T | 1 1
e + 4 e S 4 4 +
2 ! I f | | | .
| $ Y | & T
! T + t : ﬁL +—4—+4-4+ %
+ W T - T T A 4- -+ .
: 3 : 4 4 | ¢
B3 i ! L I 3
T+ o
N i Py r"é&/fvfb
® - _LJ 4 I 4 .
+ : $ - - 4 b
] ! : B
+—t . 1 1 = - .
4 x i - : 1 o
R It - . ! 881"
o /00 ©00

200 300 200
Aecorded VJe/oci/s ly - Fee] per mnule
0n/mary 4" Anemometer held over 7t méer

9

/00

OO “"L‘ """If7 TT'I’T7 (O T W ST 111!
™ - Tra T T 1 it B L g
LT - SR SRS T
1 | G T 1 R
i { Rl
| MEEEENBEE B
£ i 1 {
4+ e e . i i o S B o e e e T S N B I8 B £% 3¢ Gl 3 i, 06 A MG T A P a1 ’
————— ey + 4+ et ---L—%- ‘—'~'—+'1—‘r‘—r‘-$-; [ e ~- '_¢_._?_-
1 N AR RN AU AR N AN SATRRICRE NG L L NN ENBEEX
*,-:#ﬂ - Soeel & § ool , L | .
t BRaNEIERGNEL L ARt
| By -l e £9-—6- -~ Y%Ez Y 17 Ao
|t e .
= = e pape 5 : 7 - K
¥ 17 8°Y H a.Al;LAlx T 1 = -
500 600

/?ecora%d Vt/oc/f’ Fee/ /cr mznu/f
L ow 5, o & /nemame/‘cr AA// awsr Oberings

Correc/ion Fac/r

peprp—p—y— T T 0
pl. 1 -+ »~+ "'F_f" rvf‘--—+-4~---.»o }~' ] . . i 9 ' 7ITIL ! r—i{»—!»——#——i——.—t.—l .
44— »Q—?-—W}+(‘»‘y—~»; O N SO N T 5 W | i 4 it pog ot ““"'7"‘
,.*-_.._1_ - +,v.l-,,.f A W O ) i e IR NI 1N | BN Tl o) 0 O 0 SR O
et VI O . + _L .t + - ? 530 N T T 8. § . — ¢ SO0 T 6 v S S I S .
! I d - Aok % TR 4 L
- - — —p '
11+ ‘ —t 1t 4~ T SV S S S R S B s
-— : +— T I - G 0 (A AT 5 S Gt O I S0 o o o £ e - adclideosrd sl gl gelboid ; .
RN . 14 2 | - o + Bcdinden *
O ! - | T 5] ! T
s Eeee T T T L ke
l -+ e ._.{ : bt Ld j,_.q, - R R .’,._.?. A8
,___,_i ! 1 - .. r.,q_. gl B 5 5 e o ‘ :L ll_,-. W T Beabund ,.2. - N - JM"- "' &
T T T W SO - — f’ - % ”
! ot = : i - = = u8 08 B Cangy
A y
1 L3 I 5 L il Ll A l e 871 4 ¥

Recorged /‘/0617 Fea/ /blf m/na/?

Low Speed 4~ Anemomeler held over Timber

o

'

Lorrec/ion Fac/sr

-

o

I 0 , %

.L 1 + -

L ‘

- b

1 T , t -

| T 0 I | M‘I

‘r ; T e T T sl

- —— z - 293 B + -y
! " 4 ' A vE |- : J,
t - H"I qum ot S o . B 2 -
T EaSaRE NS SN s un s AP

- i - - :' —'—»_2’—4‘
o TP | CETTT r'":ﬂ ESSsaGERE RN

/00

Fe’corded Ve/oc/y Fee/}évr rrrvfe

CORRECTION FACTORS TO BE AFPLIED WHEN MEASURING

THE AR FLOW THROUEN STACKS OF Z-INck 7/IMBER




Correclion Foc/or

Correcl/ion Foclor

Correc/ion Fac/or

Correc/7an foc/om

Ora//ﬂary 4 Aﬂemome/&r Ae/a’ orer OAenmys

S NSSEiusisnsNsatszsssssssssisatans nmm e a
bt ‘I"?"j”"" . «L<—J 5 - - e S St S S SIS SR S S S SUNGRE B S U S S
-t 14 11 " ~4~} bt 14 L2 1 4 L L --‘A4L—r—4-—f—
.___4.,__1 i T = i IS y IET) 20 . SRS R WS W BE g nitioded o e b 4 B ERAS N e E2
S, EERERR i I
e ‘r I ++Trr 1ttt el e L L L]
: ! -
bbb Rl lt 1.4 = IS . e o o O S B T T R I S M O A S SRR SR N R
ERENGEENEE N MRS EWEDE & NG N Sa AL 4 : % 5/71p:
: ¢ +—+1+11 I —+ 4+ g =Tttt e -
e ) s
e 1t e - .- _v_.rT T I - I G S R W DD G 0 A S G S S St G S e
bt .. | : ﬁ’f SR AR S e S 5 5 T tT
;#_HJf v ol . - %x%'
[ 1 ] L : T -

b B
|

700 200 300 @00 so0 60> 78
Recorded Ve/oC//}/ - Fe=/ pper minule i

Or-:/ rary 4 /?namomo/?r beld over Timber

11711 BENEE HEPEXE TR SN EN A S RS RAREE S TS, s
P 1 4 i ; i I AR . . | BOE S A A e i ! ' - I I H. 8! : } I 7
= bt L] R N DELAENEE NSE N f
+ o B £ T 1 K +
2 - : : : - : : :
05 5 N 0 BN N A 5 O O O S R A = = BRI RS %'
, IR ARG ERREERB RS - -+ : S/ry,
+ 050 050 = Pt | ,,_é- .k
] = : la i ! .1‘.,; ;4 - B B S99 RO e
-,,:F _T‘::,- e e s o - et /""". 1
o R s »: 4 L1 I 1 + AN ! H i ’ i /14: >
41 L] PREEEERUABRED 2 ¥, R i AR M BENE N 172 A
o /100 200. 3Joo 400 So0 600
Recorded veloct/ Ly - Fae/ /er rrrirv/e '
Low ,5,éeec/ 4 A’nfmamc/}/ Ae/o’ 0Ver Oﬁen/nys
BEPNRERE bR T8 [ | | ! 1.1 z |58 13 s
- g - { ? i
'1***'}*3.%‘ *""""Hrh 1 f t 1[ ,= f l 1 i‘fi'lx‘
4t i g 4 4 L A e —————t : -—L— — -4 - #»¢—~7-A art 8 o7 l TERES
% OO0 A S "R ) 8 + T« . e " 1 0 08 U L +:~\ 3 Tk s
. TR s
: ‘PT**/,-«‘/ z. i
| ‘,,.; ! /":'T .%' -
11 ;’;/;,_,—%Jllg
oamust a
- ‘-»+ | -
SER . A
1 i ! | | i i £ I bt I }b
/00 O e 400 500
= /?ec.ordeef I/e/ac//}'/ - /‘ee/’ IO SE
Zaw .%oej 4" Prernome/ar held over 7/‘méer
R E-¥ y o , T 1 B 42 T g e
Ed (R | i ! S9N | L] 15 00 ¢
+— -+ e -i—« } I :
SO R NN £ it s | i } 4 , : - i
: iasss A A g,
| isnx e~
i b | ‘ i ‘Pﬁﬁ/ Tl o -
4 o A
t pt 44t i /://j;}é
—& = o o s —+ M::TMF’T /
3 } | £33 I - : /4 g
,_ 1 1 1 ] M RSN CRERE R ! L //2' .

Racorded I/e/ac//' /ee/‘ /’ef o rr PN —

CORRECTION FACTORS T3 O BE AFFLIEL WHEN MEASUARING

THE AIR FLOW THROLUGEH STACKS OF lo-INCAH T/ MBER




0ro//na/y4 4nemomc/‘ /;e/J

0

ver O,éenmji

T T l W : T FURRYRT EERARTRRED
- —t | t44—-4 414 b4 444 4 +1 14 4
é | 1 + ;_.I ,1 . [ T . o I b e L 4 ,L. 1 r, ‘ I 4 4 i : bttt ._.'_g,___.'ri ) O 3 -
e TS G . B e o o +1 " SN o S G- G S T O f_ - - 4ttt 4 e i e »
152 T - B R e ;‘7“: :%5/?//5
- —— 1ttt —t =1 ]*1 1+ T-* 85 o B 1 + + +—t -+
—t e —— ovindion eilbesniscall _ oo SR B0 S IV . +414—4+ .‘ 44 44 1 " . . - s -t -
§ W L5 0 o FrﬂMK‘ REEHRENSRE 8 T — 4 4‘5/". J
{ H— fmdoimae S e B o e o e o L e o o B N L U Eww
$ t R - EARERere==——= """ S ‘ : % '
e U _ . a1 . - 4 — 5SS W6 B = = e | o TS T S S S . - -
% r—h & 5 - + + - 1 t = /% :
! %/ T , L] i - 3 . 2
\', I H . Hl*Lﬁ i 00 0 % -
o /00 Joo S00 600
/?ecordei Veltoctly - Feet /A\ar /e
Of'a/mo;y 4 ﬁn[mome'/i‘r held aver T imber
L W 5 kO { 0 T N SEER RN LEE LT L.( AN
S 1+t ':'Mz . : p-+-4+-4-1 '
& EEF AR R R e e e |
LEZ‘ SEEEEEERRN. L | B ——" — & sl ps
EARNUSEENS " 0 S — - = AR
R - + - s T - T - ) -
% B 1§ BB o N S B #
-ttt o A e — “ * i
é’ .4;4}. Ti el — + —“ri{‘ P S - —— e .78-
s ‘,»«f ¥ e | . = Ot——— - - +—t : N
NS, Ottt trres ‘ 0 A R AN EEEEE B T
15 700 zoo 300 400 300 € <
Recorded Ve/ac/_l;u -/'ee/’ ber nurnole .
Low Speed 4 Aﬂemome/'er /;e/a’ over 0/ errirgs
N o e i L L L e S LT T T 1) 8 :
& P e % Strips
R ,,I._.i. L e o o S S L :  ome 3 ‘A-.l’,-. Aot
T e e ..‘-, S S ST T AR AS O W 0 G VR N
N "
& Fr AT e
e e e guzsm
¥ PR . -
§ 44 b e -t " 17 p
Q k= b9 .. WS (R0 T O +~ - - | /72 .
: . ¢ T‘L S AR E W bl HEEEN 1 o 7 .
\) 7 L] 1 + Fr i ETT LT 21 f—' ] 2 =178 -
o 100 200 300 400 s00
Aecorded I/e/oc//)'/ - Feel poer minvle
Low Sfpeed 4 Aremomeler held over 7 1rmber
B o Y 30 0 S T I’T‘l;:’ ] 56 +4 114 Fl Ly e
Q 5 | O LA ) 2 l ! [:"55/;'/&5
»—-¢ -Mf—'—** .‘ 4 : | o L—"‘?’F . ‘ 1 | ' /
“ - -++ q—o—+—+—L~«- SENNESEEAE LY o o 8 R -‘——i i d - !
e , ettt ! ‘ .
w2 — % 1 3 ) T f =14 ™11 fepieh “//é -
EEEREm e e e e : s — . ‘ + 1 1 b
> U SN . s S - ! ! i } ¥ 3
*g *'*I“’“'". r_':v‘ ’%_%'4—" L4 ] ! il i‘ } - f'J%
— B t $-4 i : + ¢ + - -
§ : ; i $by ) *HF‘V‘ i T ' } % .’”j' ’;L ",”4-h
S i - W - i *ﬁﬁ-fd%—i//ﬁ . ‘
\)10 ‘ = mmu LT : rﬁf“l T:F“*L/ﬁ" »
7 ) 0o 500
/‘?ecorJeJ Velotis, / feef /)e/- mnole

CORRECT/ION FACTORS 7O BE APPLIED WHEN MEASURING

THE AIR _FLOW THROUGH STACKS OF <34 ~-INCH TIMBER




Of/lﬂo/_'/ 4 /4ﬂemome beld over Dbernings

L1 L Y L } s e
§ B e T e 176 St7ips
4 ~ - .S S L4_._..T | 55 W S < 8 REERE S ¥ O . &
BEREFad bk BRESSARAR SRS AURAERI G R WK "
Q R e S o e e T B e o " - ;/2 i
2 - - |
Q $: — RS | $ T | -
k y B t : = : a"
S /,
\s ‘ LY
Q
AV

4414

i
SEBe

1

]

T

s

|
23

- 3

N
p

-~

1 : e _1.‘,' .

_H-lt H { T Er

T igus PHT "‘?{{
Q00 Soo 600

ﬁecara’ea’ I/e/aC//}/ Feer /ber rrinotE
Ordinary 4 /gnemamefa’/' /e/o’ over Timber

:

STTTITT ] BET ‘ T 1] R B T ¢
S OSNE Ineanss samasasazy SRR R RARNRY pesenununs pmenunnas IV
T ¢ 1 2B - _-J-—— :;,,44”... R .;;f:;lilf-

R i : ! | {4t 3A¢.‘.~.-¢ » %3 | i 4
% NS ‘1-+>,,,1 R I o e e O B A R e 11 e SN AN TT A LJ_
\ ————t - ! } P s - L - B e e e e e a pE " S e W S
g J‘ 3 4;/ +4 -+ - }7 b+ + L O i e S O i e ddtt
T 1 : : 1 1 - : ; 441 - *
(k T m! T T t . - #4 .- 1[ - - - e /é
o 2T Emmassas - == pe
| | T TTT I 1 -t 1 01 9 1ot
S r =t : 3 - ’ ?
Q = B e EE T : " BEE R .
S EEESEEENE —— e —
- 1 + ; — + - - - o i i : = 1
v T e e SS===o===os = }é/" ¢
\Jisezesezs: =" S
bt IR o o N R o B LEL1 ‘8 o ¥z

g T 1T I 1 [T

o /00 S500 600
A’ecord%ﬂ I/e/ocvgz /-:—.»f/ew' m/nuff-

3 Low Specs! 4 /r’nemame/’e/' Ae// over Obernings
1T T fu*,Aﬂ_TL T HHH AR
: Stk ; S o e S S B S N (R NS A 0 O O 0 T * B .

! v ‘ el ; LTI T8 Shgbs
% 4 ,,,,T = & 8 -A‘L. e S NG S8 SN 7S5 Tk X 70 & U U NNE N W SN R S T - =
et .,4.1-;.‘,>- = PSS e N 0 bed
\Q { : - -—-f—~"o redrmbonbodi- bt -:—»—4 1 V1 ;»11‘-4;-.
LS Foidhiid il ie gt *-« +— xft y -
ENE RSN S MER NN AR AREED S| ]
2 - . :. T T "
g MaSRERCARKfcKEBERRIREREATDSBERE &
\\ : - 7_.__ -1 V e - -' / .- ¥ i
N ~ mw = w4
\ - i L] S d
S ! : b R ST ~/§—'
% 3 O L *”—"““’"f - . - ofd * ? L3 44 f R
\) 1 ] i b l o R I I [ {4 l [T~

1L , 1 . "“ﬁl"i f l’Lfl 1 l :

1700 Soo
Aocorded I/e/oev o =l /6e ole

L ow Sheed 4 ﬂnemome/'e/' Aoé’ over 7ivber

G

NENEEERUE SR EEEEEE SN RS UE NN AR SEisEsaEEiasEReEs % S/rype
§ | EEEERNESEE EEEAEEEG D
\ —i—o-ﬁ—r vL - t
& FH AMasmERsEsIeasNsSEEE
T | %68
Q l D SR FL T L. R
\QZ - ;‘ —— -»;.;i-”-.-._.ﬂ
N — ! R S IR I R O I L G ..
¥ i R [EEmEmmmas
o ——— st 78
S [T FEEEEY . -
L ¥ BiiE T TR
,01 TTLELL 1 | 5 'LI lLl !’ Fritd {72
/00

Record ey Ve/ocs/y 50 = /-'eaf /60- mmofa

(4 ORRECT/ION FACTORS 7O BE APPLIEDL WHEN MEASUR/NG

THE AIR VELOCITY THROUGH STACAS OF [/-/VEA TINIBER.



Correclion foc/or

Correclion Foc/sr

Ce ormf}an Aoc/or

Correcliorn Fac/or

Ordinary 4" Amomefb' Ae/c/ over Obermngs

3 T R 2

] DB :
| { gRBa =2 %qffflﬁ’
] ssansnsEnpanaNEnina o
1 -f—ﬁ-_‘

4 4 -
! X -
. L%
k L
2 Ll Ll "
» N a2 S DA ¢
= =~ o e = n o e e 4
- L2
— e I/‘ ?

: +
— -
- »{ b1+ - | $ : -
ISENEEAENNRERS | %I
15 I LI TUELD i ERBRRATS
/ S00 600

006
Recorded Ve/oc/fr - Foel /vr //’-w/'e

. Orainary 4 'Abm:momurfor' Au?/p’ over 7imber
T L T
B v ' $ - - - } : s, 48 e
. B S S o . -4 ! 3 ; L, ‘ l k | L_l l LJ,;_. ikl -
" i »4»4».;. bk b ‘ ?.,LN, i » : . bk ‘;L_: soid %5/—,%5
= Ened 11
: _.,‘.——~+‘. EEIENNEE S SR
. VPHWP‘1 b 1 % E 4 ' e
2 i 4 W 9 f ‘ 1 ’MM ” 4t ‘ 4 } 1 4 4 ! + yz
| LA - I A 16 1 3 .
=e } ! - ’r__-—r—l"{rf‘b" $ . I | | T ! ‘ { ] i
e e
! HT LT : o+ Y
r1 $
. i+ 4 T
»J : 1 : - T /n
! L] A 5 e i il Aib/j‘/é
o /00 200 400 Soo 600

Recorded I/e/oc//}'/ F’eef/bar o fE
low.gbea/ 4nemome/?r Ae/a’ over O,benm s

*
.l.LJ MI»IA o H”J*L. G % : 2 & g B Sirips
- WS AT NS KR EF A0 5 28 5T 0 -4 4 : $—pdq vt } 4 " $
;_..‘L | 0 R i 6% a8 B J BB . e 0 0 5 A ¥ & 0 TP R T R R E R
i%t + 390 4 0 R bk 1 - ,LL,P,‘A - o O ) o 4:»~.~<- ﬂf-L<>-L- - . ] >! . .
EEETTT 1188 . $4]
o8 i | % 41 3 T -
: I V/_r i 2
: % T ; %
1 ot - . ¥ y 5 v 5. %".
2 %
i | 8 b
)‘7" o '1 222 r . ;,,‘2
V%% o ; I1]/%
;/1 - 1 - -
/ 1 | i
o 70 So00 éoo
1277,
3 ] ! 1;.1-.114;1, i
+ B S s e e S e B
-_::T{ : B -t 1«1% .s./;'/ 5
W o R -+ 4
‘Er SN % -
! T /é
2 ¥ [ . x
L HREROERI NS NG | I AR B
2 =t o i e o e g & N 5 R 2 W .,t__ ﬁ g
: 1 T e T - rzg/t" -
= ';J-;'HJ';HL;”"%I':: ;88
o

A’ecora’ecf Ve/oa/y = Haal f‘eoro rrmrile

CORRECTION FALTORS TO BE APPLIED WHEN MEASURING

THE AIR VELOCITY THROUBH STACKS OF 15-INH TIMBER

-




Jor
(¥

—

</

Correc/ wng /s
[ %]

Recorded

200
Veiocily

Ordinary 4" Arer

300
- feel /ef' rsnole

omeler held over 7imber

Ordinary 4 Arermometer held over Obenings .
e RS RN T v R TIIT . %5/‘,%,
] ‘ i LT
= ! 5
4 -
ot
—
P T %
11 & 8 11 P4
I i 7
e
- "
= P V4
1+ %"
* = EEENANEES FLTETT "
‘r 4 -+ 4 —+- -4 - 4t ‘ —4
1 1
o /00 <200 Soo 600

200 300 400
Aecorded Ve/oc//} - Feel fe/‘ Minule

3 BLRE .
- -} 4 1 11 1 rih 1»\,1 & . .}’., ¥
8 RRARRERRRRLRRRRREERs auRRERAsRRna aaanattooe nenons R
§ 4 SEEGEREN H~iAJHT*' IEESEENERENSEEERERES
Q NEEE Wi NSRS SN EANE AN
SR S .S i dnt - 0 * . Lod
Qz ] [ \d
° E -+ 1 gt l - -4 - 4 "
N = TS FeS e 4 ’ “'— 1.3 Lid _ + 44— ;
*E 1+ K i H"P{‘; _LH:—”“‘LJUL"‘* ! | = e %. o
b + % 0 o T 0 il ae e (i — 4 v
\ ¢ -+ 1‘ T e Jor e " "E’{d : = o — t * = 1—14;‘{ /,’ " %
S H § eais, s RN AAAREE AN RARBYREEE L L
15 ! 1 1*" u'{' ’r:' I'H [ 11 -*H*I“'l-zi' 1
/00 <400 i 600
}Pecora/eo’ Ve/ac/é/ ~e ee/‘ ber minale
Aaw._érégen’ e ﬂmmmef‘ rte/d o:/erT%n/fzg.f . 4
SE@sEsRRuERE G BESRRRSRRRERARSEE | ; ;
— 1 = o o i ¢ { b4 4 B ok
: 4 . - J 1 ‘ 0 £ ‘ — 1 e e s 3+ ¢ }.4 13.’/"%5
A4+ 4 o | 444 $te 4 » B By i
4 5 5 oo L i -
: J{M’ L4 e REE 4 by 44k R 5 # N
‘¢ P ' 4-rg = ind ' r »H R 5 L —r-ﬂl-r{» e o 1 Bt G s .
5 18 B G e s ke A vet: St e T B T Ak e s A S Sk SR B
: : N e T e e e
3 ! | 5 i T = S G e A - =
: 1 1 RERBOURNP S e : A
%‘ | i t 1 () WS GRINte— . pa i ;‘i’*"“‘l";:' [ T : 5
e na s dRCAARRARA MER st dREERRSARARE AR SR RR
9 : ‘L“I 4 _.1.;}‘..,:“ 8 i
3 - ST AEASHACIRR AERENMANNS ERRREE RS ER sanawE S :
l N : ; i 14 b f : E 4 4o} i & 4 1 + | k]‘§ 1?&
B4 L e et T L T e e
\ + 15" - WU RS RAFARBENSGS T 52 amSoE T LIS P
S : i 0 & 1, it gt boetbd {74
Q ' R 08 % & “m—_‘w‘ [ | L b i i ¢
.1 bt e e | P T .
&2 T 1 ! Q 14 ]
T " o t 11
“ bl e f b -
R - bt +—t { :
| RS | . »—’*"HFH 3 | ¥ 1
: - 1 HH—" ‘ : : l
L L1
- ,l l > - 4 ]I l o -
; L Tt .
[} 100

T.Z“‘T 5%{5 A ﬁgrem?/?re/er held OV?I‘" I77/‘77|be’/'

—'-?J-—L—L '-l--.—-»t, B! I'II'llTlvrr1‘fT1 1 lfl‘T vavlT
) SN WSR-S e e . el 4 4 . +4
— . ? o - ,I + ¢. } R ] i ~ Wi 2 S vé._b.._,_,l_.._- s = 4 4_+_;.T4»- = : R
t N 1 o =t e
L s ‘ - ; : fﬂ”é‘f/ﬁh
i J 4 At
[ NG E B : " 11 (1
T ’ o G ;i Ty
Attt 44 bt ; ¢ 11
|+t 4 4 S8 o FT
il 1:7 e ~r i-ﬁ "
Pt {aamas e ReRaasalgs
i e - - T ¥
e —Aﬁ - L “.‘%
b B 0E L S 50y 1 : v 0 i + & “
. R N - 1 i 4
SERY & Aib e v g wz
} ™ g3 ”d/&
nt N : e
- ' s -
X =1 . 1 3 Mj.» 8 3ok ! . i o
T4 ,_t b - 4 }4 | 4_4 _j L D R e -+ 4-
00 700 :
Aecorded Veloer feel ber m/na/é b
i s

CORRECTION _FACTORS TO BE APPLIED WHEN MEASURING

THE AIR VELOCITY THROUGH STACAS OF 2-/NCH TIMBER




There is an appreciable difference between the co-
efficients obtained for the two anemometers except perhaps with
the thinner timber. The curves for the low speed anemometer
-are drawn from recorded velocities of 30 feet per minute to
500 feet per minute, those for the ordinary anemometer from
100 to 600»feet per minute. These cover the usual range of
velocities met in practice in forced circulation kilns.

There is also an appreciable difference between co-
efficients obtained with the anemometers in the two positions
relative to the opehings through the'stacké, although neither
position seems to have any distinct advantage over the other.
For timber thicker than 2-in., the co-efficients for the 2-in.
timber with the instruments over the openings can be used as.in
this case only one opening affects the anemometer. For the
4-in. timber separating strips larger than one inch have not
5een considered. It will be notedAthat in some cases the
curves for the different sized strips are not in the order of
the sizes. The reason for this is apparent when tne actual
openings discharging air to the vanes oi the instruwmenti are
considered.

In practically all commercial kilns the air after
leaving the stack must Bevturned at right angles as it returns
to the fans. The possibility that the direction of the air

has been changed before it passes through the anemometer has been

12.



considered. Smoke tests indicate, however, that the direction
is not changed sufficiently in the short length to seriously
affect the results, and later tests (See‘Experiment 5) confirm
this opinion. Ower (1) has shown that a wind angle as great as

20° affects the anemometer reading by less than 1 per cent.
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EXPERIMENT 2.

THE EFFECT OF RATE OF AIR CIRCULATION ON RATE OF DRYING.

INTRODUCTION.

Evidence as to the effect of rate of air circulation
on the rate of drying of timber, apart frdm the question of
change in drying rate from one side of a Wide stack to the other
due to fall in temperature and increase in humidity of the
circulating air, is somewhat conflicting.  Unpublished results
of work at the Forest Products Laboratory, Madison, U.S.A.X
appear to indicate that the rate of drying can be increased by
increasing the velocity of air circulation up to velocities of
the order of 2000 feet per minute, although the increase in
drying rate becomes progressively less as the velocity is
increased. The explanation suggested for this behaviour is as
follows: in order for the timber to dry, moisture must move
from within to the surface and then be carried away by the
circulating air. Just whether the moisture moves through the
timber as water or vapour, that is, whether the "driving force"

is due to the moisture gradient or to a difference in vapour

pressure, is rather obscure; but does not affect this explanation.

The resistance to the movement of the moisture and its removal

xConveyed to the author during personal interviews.
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by the éirculating air consists of two parts, one of which
depends on the structure of the timber, while the other is a
"surface" resistance. Provided there is sufficient air to
convey the heat necessary to evaporate the moisture and separate
it from the wood as fast as it reaches fhe surface and then
carry away this evaporated moisture, any further increase in
volume of the circulating air can affect the drying only by
reduciné the so-called surface resistance. It ié suggested,
that the greater the air velocity, at least up to certain limits,
the less is this surface resistance, and the faster the rate of
drying of the timber.

On the other hand Jenkins (2) has carried out a
number of experimental kiln runs which indicate that the rate of
drying of Douglas fir is independent of the air velocity over a
range of velocities from 120'to 330 feet per minute.

In order to obtain further information relative to the
effect of rate of air circulation the tests described in the

present report have been carried out.

MATERIAL USED.

Species.
Blackwood .. (Acacia melanoxylon)
Karri ees (Bucalyptus diversicolor)
Kauri «+«+ (Agathis australis)
Matai ces Podocarpus spicatus)
Rimu - sap .++ (Dacrydium cupressinum)

Silver beech ... (Nothofagus menziesii)

15.



Tawa e+« (Beilschmiedia tawa)
Totara e EPodocarpus totara)
White pine ... Podocarpus dacrydioides)

Preparation.

Four quartersawn boards 4-in. by £-in. by 18-in.
long were sawn from each of two different flitches of each of
the above species. The total number of boards was thus 72.
These were divided into four groups of matched boards for four

kiln runs, each group containing one board from each flitch.

PROCEDURE .

In all four kiln runs the boards were stacked in the
kiln in the same position. The stack was two boards wide (8-in)
in the direction of air flow and the two boards side by side
were of the same species. Two cover boards in addition to the
test boards completed the charge. Three-quarter inch separating
strips were used. The stacks were located with the leaving air
side immediately beneath a small inspection door to facilitate
the ingertion of the anemometer for measuring the air velocity.

In the four runs the same wet and dry buldb temperat-

ures were maintained (119°F. and 1200F.) but different air

velocities were used in different runs, variation being provided
by varying the fan speed and baffling the fan intake.
The air velocities were measured by the method

described in Experiment 1, the anemometer in these tests being

16.



fitted with a small mirror in front of the dial to facilitate
its being seen from immediately above. Corrections were made
for the temperature of the air.(see Ower (1) ).

The boards were weighed daily. At the completion of
each run moisture content sections were cut from all boards.

Drying curves were prepared and from the curves the drying rates

determined.

RESULTS.

For combarative purposes the results have been set
out in the following table (page 18) which gives the air
velocities and the corresponding drying rates for various
stages of the drying. The boards of any one species were all

at about the same initial moisture content but this varied

congiderably in different species.

-The two lower velocity figures must be taken as
approximations only, especially the smaller of these as at this
velocity the anemometer only just moved. Furthermore, at these
low velocities the air distribution across the chamber is far
from uniform. However, the figures are thought to be fairly
close to the average velocities of the air through the stacks in -

the respective runs.

DISCUSSION OF RESULTS.

Perhaps the mbst important point indicated by this

17.
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test is-that the drying rate cannot be increased more or less
indefinitely by increasing the velocity of the circulating air.
Furthermore, the velocity at which the drying rate becomes a
maximum appears to be comparatively low - less than 140 feet per
minute in every case in the present test, with the possible
exception of the silver beech in the first stages of the drying.
It is impossible from the limited number of tests made, and with
the uncertainty attached to the lower velocity readings to
determine the exact magnitude of the velocity above which the
rate of drying becomes independent of the velocity. The value
may be dependent on the timber and its moisture content.

The rate of drying appears to be influenced by the
circulating air in respect to some factor additional to the
functions of the.air to convey heat to the timber and remove
the moisﬁure. If ﬁhese functions of the air alone influenced
the drying rate there would be a maximum rate at the lower air
velocities and this rate would be the same for all samples unless
it exceeded the maximum rate of transfusion of moisture. Further.
ﬁore,'this drying -rate would be maintained in every case until it
exceeded the maximum rate of transfusion of the moisture.
Reference to the drying rates of, say, Blackwood and Matai shows
that such a state of conditions does not exist, however, and the
indications are that the rate of removal of moisture from the

surface is dependent to a limited extent on the velocity of the

19.



circulating air. For example, at a velocity of 30 feet ﬁer
minute the drying réte of the Blackwood from 909é to 80% moisture
content was only 3.5 grams per hour, whereas under the«samé
conditions the drying rate of the Matai was 10.9 grams per hour

- a figure comparable with the drying rate of the blackwood at

an air velocity of 292 feet per minute.

In forced circulation kilns of modern design air
velocities usually range between 200 and 5OQ feet per minute,
these velocities having been adopted more or less empirically
in order to reduce the lag in the drying rate from the entering
to the leaving air side of the stack to a reasonably small
value. The present tests indicate that even at 200 feet per
minute the air velocity is well above that at which the "surface’
resistance" ceases to depénd on the velocity. This may not be
the case for all timbers and all drying conditions but the
present test embraced a feasonably wide and representative range
of timbers and drying rates.

It is not possible from the present results to
explain the exact nature of.the so-called "surface resistance" or

why it should be affected by the velocity of the air.

20,



EXPERIMENT 3.

THE RELATION BETWEEN THE QUANTITY OF AIR CIRCULATED AND

o THE LAG IN DRYING FROM THE ENTERING TO THE LEAVING AIR
SIDE OF A KILN CHARGE OF TIMBER.

INTRODUCTION.

In the drying of a stack of timber of commercial
proportions; the heat necessary must be carried to'the timber
by the circulating air. It follows that the temperature and
relative humidity of the circulating air must change as the air
md&es throtigh the stack, and, furthermore, as the rate of drying
is a function of the temperature and relative humidity, there
must be a change in the rate of drying from the entering to the
leaving air side of the stack. This change is a "lag".

Some lag is inevitable, but it is dependent on fhe
volume of air circulated as Well as on the rate of drying, and
can be kept within reasonable limits by circulating sufficient
air.

In most commercial kilns of modern design the problem
of lag is overcome to a large extent by providing for a periodic
reversal of the circulation. However, even under these
circumstances, it is undesirable to have a large lag for the
following two main reasons. First, a large lag slows up the net

‘ drying rate because, when the circulation is reversed each time,

the moisture content of the boards on the then entering air side

21.



of the stack is higher than would be the case if the lag were
kept small. Second, despite the reversal of circulation, there
is, on account of the non-straight line relation between lag and
distance across stack, an inevitable lag in the drying rate at
the centre of the stack. This must be kept reasonably small

by keeping the overall 1aé small.

In the design of a kiln for drying any particular
class of stock, it is desirable to be able to calculate the
quantity of air required for efficient and reasonably uniform
drying. A number of tests has been carried out to determine
experimentally the change in air conditions and the drying rate
across a stack of timber 5 feet wide with various quantities of
air being circulated. The results obtained have been compared

with the theoretically deduced values.

WATERIAL USED.

Speciesgs Blackwood (Acacia melanoxylon).

Source of Victorian Forests Commission.

Supply:

Condition: Free from degrade. Moisture content approximately

100%

Quantity Eight flitches 8"x 5"x 7 feet long were available for
and Prep- the work. These were sawn into 8"x 1" boards,
aration: each flitch yielding four such boards which, in

turn, were marked off and cut into four 18-in.long
sample boards. From two flitches the sample

boards were cut down from 8-in. to 6-in. in width.
The sample Dboards were divided into sixteen groups,
each group conta ning one board from each flitch.
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The material was further divided into six kiln runs,
as far as possible each run containing three of the
above groups. For the sixth run, the necessary
material was made up from the 2-in. strips sawn from .
some of the original 8-in. sample boards and from some
green blackwood which had been left over from other
experiments.

\

APPARATUS USED.

Kiln. The kidln used is described in Experiment 1, except
that in the present tests as in Experiment 2, the air after
moving through the timber was not blown into the room but
returned to the fan for re-circulation.' At the same time, 3
small proportion was allowed to spill away through the upper
vents and was replaced by fresh air through thé lower vents to
prevent the humidity rising above that required. In this kiln,
stacks of timber 18-in. wide by 16-in; high by 5 feet long were
built as shown in Figure 3. With the exception of three rows,
the stacks were built of dummy l-in. boards. The excepted
three rows consisted of the 1l-in. green blackwood sample boards,
each row being built up of one of the groups of boards described
previously. In all runs the sample boards from the different
flitches were placed in the same order in the kiln. For the
first four rﬁns l-in. separating strips were used; for the
remaining two runs 4-in. strips were used.

Anemometer. The velocity of the air circulating between

the test rows was measured in each run by means of the special

23,



low speed anemometer and according to the method described in
Experiment 1. A small mirror fitted to the front of the dial
enabled readings to be taken through the inspection doors provided

in the main kiln doors. Corrections were made for the temperature

of the air. (See Oweri).

SEcTion om as”

EXPERIMENTAL KILN FOR AIR FLOW |NVESTIGATIONS

FIGURE 3.

Thermocouples and Potentiome Ler. The thermocouples used

for the dry and wet bulb temperature measurements were of eureka-
copper.' The wet bulbs were similar to the dry but wrapped
round with cotton gauze wicks dipping into petri dishes containing
water,

Four sets of dry and wet bulbs were placed in the kiln
between the two lower rows of sample boards. They were located
at the entering air side of the stack, 18-in. along, 3 feet along,

and at the leaving air side respectively. As will be seen from

24.



Figure 3, the petri dishes were located in the opening below
thaﬁ in which the thermocouples themselves were placed so that
there would be no interference with the circulating air in this
opening. .. Small holes were made where necessary in the lower
row of sample boards to allow the wicks to pass from the wet_
bulb thermocouples to the water supplies. The thermocouples
were offset one from the other across the width of the kiln.

The thermocouples produced an E.M.F. of approﬁimately
«0242 millivolts per OF. difference in temperature between the
hot and cold junctions.

The potentiometer used was the laboratory instrument,
(No.L-50785) manufactured by the Cambridge'lnstrunent Company
and known as the Workshop Pattern. It is described in the
Company's list No.191, Readings were taken to 0,01 millivolt
and were probably accurate to within * 0.01 or approximately
#°F. A glass thermometer fittéd on top of the instrument was
used to read the temperature of the cold junction. The various

thermocouples were connected_in turn to the potentiometer by a

dial switch.

PROCEDURE .
The middle row of sample boards was used in each
run to measure the drying rate and each board from this row

was weighed twice daily throughout the duration of the run.
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The kiln control instrument was set at 1400F. dry
buld and 120°F. wet bulb throughout the six runs. The fan

speeds and strips used in the different'runs were as follows:-

Run Fan Speed Separating Strips.

1 860 l-in.

1700 : 1-in.
3 860 (using fan 1l-in.

inlet Yaffle)

4 1260 l-in.
5 860 -do~- $-in.,
6 1700 3-in.

Potentiometer readings were taken during the day-
time only. They were made every hour during the first two or
three days of each run when the conditions-were changing fairly
rapidly, and every other hour during the remainder of the run.
At first some difficulty was experienced in obtaining satis-
factory readiﬁgs on account of the fluctuating'kiln conditions,
such fluctuations (of the order of t30F.) occurring before the
control instrument comes into action. This difficulty was
overcome by using hand valves in series with the automatically
operated valves and so throttling the steam supply to the
automatic valves that when they opened 20 or 30 minutes were
required to elapse before the kiln conditions were changed
sufficiehtly for them to be closed égain. During the period
when the valves were open, potentiometer readings were taken
of the eight thermocoupie E.M.Fs. in order and then in the
reverse order. The sixteen readings took only about 5 minutes
and the average of the two readings for each thermocouple Wés

assumed correct.
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Ba®&i run was continued for one week. The average
moisture content of the charges was still about 30% at the end
of the drying period, but the drying rate had become quite slow
and from the point of view of change in conditions there seemed
little to be gained by continuing beyond this stage. As the
boards throughout the width in each charge were not matched, the
question of net final 1ég could not be investigated satisfactorily
At the end of each run moisture content sections were cut from
the sample boards from the centre row of each charge.

RESULTS.

.....

air side of the Stack. - 8Six sets of curves are given in

Figure 4, showing the change ig dry bulb temperature, the change
in wet bulb temperature, and the change in relative humidity

from the entering to tﬁe leaving air side of the stack. The
curves give the average figures obtained during drying from the
initial moisture content of 100% to an average of 80% in each of
the sixX respective runs. These curves are typical of the changes
and it has not been considered neceséary to include the curves for
the remaining portions of the runs. ‘The actual changes between
entering and leaving air conditions for successive stages of

drying in each run are, however, given in Table 2, page 28.
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ENTERING ARD LEAVING AIR CONDITIONS AND A COMPARISON OF THY CALCULATYED AND ACTUAL AIR VELOCITIESs

TABLE

2

!

Average drying

Average conditions of
Entering Air

Average eonditions of

leaving air,

Alr velocity

feet per minute

Run Stage of Dryin rate % molsture Measured Relative Measured Heasured Calculated
(stack average eontent per Temperature®?s Humidity # Temperature OF, Relative Relative Measured Calculated
howrs Dry Bulb Wet Buld. “Bry Bulb ¥e t Bulb }Hu'%ditr Hun;ditv
{
1 From 100% %o 80% M.C. 1439 140 120 5L 132 121 71 72 320 292
" 80% to 60% " " 265 140 120 ' 84 136 12 62 N : 303
" 60% to LO¥ " o35 140 120 By 137% 12 60 60 281
2 100% to 80% ¥ 170 141 120 53 136 121 63 69 5U7 497
" 80% to 60% " « 69 41 120 53 138 120 59 6l " 540
" 60% to 4O " ¢35 141 120 53 139% 12 56 59 L2l
3 " 100% to 80% " 1.25 140 120 5l 130 121 76 7 11.:6 178
" 80% to 60% " 63 140 120 5l 134 12 66 68 " 131
" 60% to LO% ¥ «35 140 120 s 135 12 el 66 130
L * 100% to 80% " le5h 140 120 54 134 12 66 68 ugu L08
" 80% to 60% " - »66 140 120 54 137 12 60 61 . 411
" 60% to LO% " «35 140 120 54 138 120 58 58 338
5 " 100% to 80% " lel3 140 120 ' 124 122 ol 95 71 174
" 80% to 60% " +62 140 120 54 132 121 71 72 " 143
" 60% to L " *35 140 120 5l 135 120% 6l 66 173
6 Y 100% to 80% " 1e67 1404 120 5l 134 121 67 68 651 634
" 80% to 60% " «68 mgg 120 5 138 120 58 60 " 596
H. 60% to LO% ™ *35 140 120 54 139 120 56 57 565
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FIG.4. Change in air conditions from entering to leaving
air side of stack.

Change in Drying Rate from the Entering to the Leavigg:aii

side of the Stack. While the average drying rate at different

positions across a commercial sized stack of timber probably
shows a regular variation, the variation across a single row

may be far from regular due to the different "nature" of the
boards in the row. This lack of matching of the sample boards
in the test rows of the experimental kiln charges considered gave
some unexpected results. Thus, it was found that a board about
half way fro;?:ntering air side dried more rapidly than the board
at the entering air side :

On the other hand, the boards at corresponding

positions in the stacks were matched in all runs and it was
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found that the drying rates of the boards at the entering air
gsides were practically the same in all rumns. This fact confirms
the results found previously and described in Experiment 2. The
rates of drying of the sample boards on the leaving air sides of
the stacks varied in different runs more or less according to the
drying conditions which were present there. For any one stage
of the drying, that is, between the same moisture content limits,
the drying rate was found to be approximately proportional to the
difference between the local dry and wet bulb temperatures. This
relation is shown graphically in Figure 5 for the drying of the

samples on the leaving air side from 100% to 80% moisture content.
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FIG.5. Relationship between rate of drying of sample at leaving
air side of stack and wet bulb depression at this point.
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By extending the curve¢ somewhat, it has been
possible to deduce from the results given on Figure 4 what would
‘ have been the drying rates at different positions across the stacl
if all the boards had been exactly matched with those at the
leaving air side. Curves obtained in this way showing the
change in drying rate from the entering to the leaving air sides
of the stacks in the different runs during the drying from the
initial moisture content of 100% to an average of 80% are given

in Figure 6.
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FIG.6. Change in drying rate from entering to leaving air side
of stack. (Calculated on the assumption that aidl
poards in stack matched with board at leaving air side).

‘ Quantity of Air Required. The theoretical quantity of air
required for, and the change in conditions caused by the removal

of moisture during various stages of drying have been calculated
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by the method described in Appendix 1. It will be seen that,
provided the velocity of the air is above a certain minimum

figure (discussed in Experiment 2), the lag in drying is influenc-=
ed bysthe quantity and not the velocity of the air. In speaking
of quantities of air, however, details of the stack through which
the air is circulated must also be specified and it is often
simpler to use air velocities, aﬁ the same time bearing in mind
the size of separating strip used.

The éalculated velocities in the present tests and
those actually measured are given in Table 2. It is necessary
for the calculations to know either the leaving air temperature
or relative humidity from which the other can be calculated.

The measured leaving air tem@erature has been used in the present
calculations and the calculated as well as the measured leaving

air relative humidity is given in the table.

DISCUSSION OF RESULTS.

Change in Drying Conditions from the Entering to the Léaving

Air Side of the Stack. An examination of the curves for dry and

wet bulb temperature variations from the entering to the leaving
air side of the stack shows that the wet bulb temperature changes
by much less than the dry bulb temperature. For approximately

every 8°F. fall in dry bulb temperature, the wet bulb temperature

increases by 1°F. While this approximate relation between
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the dry and wet bulb temperature changes may not be the same
for all temperatures the relation is probably similar in most

cases.

Change in Drying Rate from the Entering to the Leaving Ai}

.Side of the Stéck. The comparison of drying rates from one

side to the other of a stack of timber, must, if the results are
to be truly indicative of the changed drying conditions, be made
at the instant when the drying is commenced, assuming that at thi:
moment the moisture confent of all the boards is at least
approximately the same.

Immediately the moisture content across the stack
becomes unéven the boards with the'higher moisture content at
the leaving air side commence to 4dry more qﬁickly than they
would under the same conditions if they were at the same moisture
content as the boards at the entering air side. It generally
happens‘that, foward the end of a run, the drying rate at the
leaving air side of a stack is greater than at the entering air
side because the moisture content at the leaving air side is
higher than at the entering air side, although the drying con-

ditions are less severe.

For this reason, we find any variation in moisture
content tending to become less towards the conclusion ot a kiln
run. Bventually all the materiscl would dry to the same moisture

content, namely, the equilibrium moisture content of the
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conditions uséd, but the period required for this to happen
would in most cases be very considerable.

In Figuré 4 the average variaﬁon in diying rate
across the width of the stack in each run during drying from the
" initial moisture content of 100% to an average moisture content
of 80% has been given. At the beginning of the drying the .
variation would have been greater than that shown, whereas, wheﬁ
the average moisture content wasAapproaching 80% the variation
would have been less than that shown.

Quantity of Air Required. Generally speaking, the agree-

ment between the measured and the calculated air velocities is
satisfactory. In most cases, however, the calculated velocity
is from 10% to 20% less than tﬁat measured. This is probably
due to the faat that the calculated figure gives the hﬁhf@hﬁ
velocity required, whereas actually it appears_that some of the
air passes through the stack without accomplishing the desired
result. This conclusion is further substantiated by the fact
that the actual relative humldlty of the leav1ng air was in

nearly all cases. somewhat less than that calculated.

PRACTICAL APPLICATION OF RESULTS.

In the application of the calculations in'Appendix 1
for determining the quantity of air required in commercial kilns,
the first step to decide on is'the allowable initial lag in the

drying rates from the entering to the leaving air side of the
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stack. This figure will obviously depend on_the class of
material being dried, on the rate of drying;_énd on whether or
not the circulation is periodically reversed. Where a fast
rate of drying is maintained throughout the whole run there will
be little opportunity for thé moisture content to become more
uniform toward the conclusion of the run. On the other hand,
in most cases the drying in the latter stages of a run is com-
paratively slow, and the tendency is for the moisture content

to become more uniform throughout the charge. In modern kilns
in which the circuiation is periodically reversed, a lag in drying
rate at the leaving air side of 20% of the drying rate at the
entering air side of the stack, for the first twelve hours of
drying, should be a satisfactory allowance in most cases.

Next to be determined are a suitable drying schedule
and the actual drying rates. Determinations of this natﬁre are
being carried on as rapidly as possible at the Fomst Products
Laboratory. The priﬁcipal Australian timbers are being tested
and in many cases'already it is possible to obtain a suitable
schedule and the drying rate which, in a commercial kiln, will
correspond to the drying rate at the entering air side of the
stack.

Furthermore, as the work of determining a suitable
schedule usually involves a number of kiln runs at différent

initial drying conditions, it should, in most casesy be possible
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to determine an approxirate relation between the rate of drying
and the wet bulb depression. Having already decided on the
drying rate which must be maintained at the leaving air side of
the stack, this relation could then be applied in fixing the
necessary approximate wet bulb depression at this side. In
applying the calculations given in the Appendix, it 1s necessary
to know either the leaving air temperature or its relative
humidity as well as the temperature and relative humidity of the
entering air.  The leaving air temperature is probably the more
easily determined and applied; it*can be obtained approximately
by the following procedure -

If the wet bulb depression has changed by x0F., then
it can be assumed, from the relationship shown in Figure 4, that
the dry bulb temperature has fallen (gx)oF. '

The average drying rate of the stack can, with little
error, be taken as the arithmetical average of the rates at the
two sides of the stack.

Knowing the entering air conditions, the leaving air
temperature. and the average drying rate, the quantity of air
required to evaporate 1-1b. of water can be calculated. Then
from the basic'density.of the timber® and details of the stack

the velocity of the air through the stack can be calculated.

Xoven dry weight/soaked volume.

21
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In practice, this calculated velocity should be increased by
about 20 ner cent.
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EXPERIMENT 4.

THE RELATION BETWEEN AIR FLOW AWD FALL IN
PRESSURKE ACHOUSS A ‘rimpir STACK.

INTRODUCTTION.

In the design or a forcead circglatlon timber
seasoning kiln, such as the cross shatt internal tan kiln, the
first point to be decided upon is the quantity of air to be
circulated. This depends largely on the class of timber to be
dried and has been considered in detail in Experiment 3. Having
decided on the quantity of air, however, the question of fan
size and speed, and size of separating strips must be considered.
The fan must be chosen to deliver the required quantity of air
through a stack of definite dimensions and with a given thickness
of sep;rating strip. The complete considgration of the problem
involves a knowledge of the relation between the air velocity and
the resistance to flow fqr various sized strips and for timber of
different degrees of surface roughness. With the object of

establishing this relation the work of the present experiment

has been carried out.

APPARATUS USED.

Kiln. - The main item of equipment used was the special kiln design.

ed for this class of work and described in EXperiment l. In this
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kiln a rectangular duct 6 feet long, built up of 4-in. wide
bdards and separating strips, was arranged as shown in Figure 7.
Special precautions were taken to ensure that the air was allowed
to pass only through the duct, the outside of which was sealed
with strong paper to prevent leakage. Ducts were constructed
with separating strips @@-in.,%-in.,?ﬁ-in.,%min.,78-in.,l-in.,
14-in., and l#-in. thick and with timber of three different
degrees of roughness. The different degrees of roughness are .
illustrated in Fig.8, and may be described as (a) smooth (planed)

(b) average sawn, and (c) rough sawn.

Main Door i five Sections,

o
O © R

e st it I O Smnger
Sactrons & ke hakl EXP,
SIS A EXPERIMENTAL HILN FOR AIR FLOW INVESTIGATIONS

: Figure 7.
Anemometers. - The velocity‘of the air passing through the duct

was measured at the exit end using the anemometers described in
Experiment 1, and applying correction factors as for 2-in. thick
timber, the centre of the anemometer being held over the centre

of the opening. Readings were taken with the ordinary anemome tex
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6-in. in from each end of the duct. A third static tube was
1ocated in the open chamber on the entering air side of the duct.
™e static tubes used were of the hemigpherical end typve similar
to the pitot tube described by Owerl,page 27, As, however, the
air velocities being employed were, for the most part, too low

to be accurately measured with a pitot tube ahid manometer of the
gensitivity available, and in this work were being measured with
an anemometer, the hemispherical end of the tube was made solid.
Static pressure differences only were measured. :The tube used

is shown in Figure 9.

- L 5 ol 2/0 I . j
S e P

X THOLES -O38 Dra,

Figure 9.

Manometer. - The manometer employed for the static pressure
difference measurements was of the direct 1ift type shown in
Figure 16. In this gauge a large spun brass reservoir forms one
leg of the U-tube, and is connected through rubber tubing to a
short length of glass tubing mounted on a metal bracket at a small
angle to the horizontal. The bracket is carried by a block

which can be raised or lowered by means of a micrometer screw and
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dial. The gauge is filled with coloured alcohol whose specific

gravity must be accurately determined.

Fig.,10. Direct 1ift Manometer.

The meniscus in the slanting tube with the gauge at

zero is adjusted by a small screw which raises or lowers the



tube indepently of the micrometer screw until the meniscus is

tangent to a hairline engraved on the glass.

The alcohol under the action of the applied pressure
difference tends to rise in the slanting tube, and the tendency
is counteracted by raising the tube bodily by means of the
micrometer séfew, keeping the meniscus tangent to the hairline.
The amount the tube is elevated is then the pressure difference
in inches of alcohol. The sensitivity of the gauge can be wvaried
by adjusting the slope of the inclined tube.

The micrometer is evidently a self standard whose
precision depends only on the accuracy of the micrometer screw.
The use of the large reservoir renders it necessary to observe
one meniscus only. The range of the gauge can be made quite

1arge,.that illustrated having a range of 10 inches of alcohol.

PROCEDURE.

Ducts were constructed using the different sized strips
mentioned previously and with boards of the three different degrees
of roughness. . In each set-up a series of velocity ang pressure
difference readings were taken with six different air velﬁcities,
the velocity being varied by varying the fan speed and baffling
the fan intake as required. Approximately the same set of fan

speeds and baffles were used with the different ducts.

In each case four anemometer readings were taken (and
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as explained previously in some cases with two different
instruments) and the average of these used for computing the air
velocity. Anemometer readings were taken by timing with a stop
watch the period required for the instrument to record 100 feet.
Static pressure differences were measured -
(a) between the two tubes 5 feet apart in the duct,
(v) between the tube oiigide the duct on the entering
air side and the tube in the duct 5 feet 6 inches
from the inlet end.
From (a) the change in pressure per foot of duct could be

determined; from (b) and (a) the entrance loss of pressure was

determined.

RESULTS.

The results are given in Tables 3, 4 and 5. The.
air velocities given are the actual, the anemometer readings
having been corrected. The pressure difference readings are
in inches of water, the actual gauge readings having been
multiplied by the specific gravity of the alcohol at the time

of the test.
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DISCUSSION OF RESULTS.

List of Symbols Used. - The symbols used in the following

‘ discussion are set out below 2=~

a = % long side of the rectangular duct

P = + short side of the rectangular duct

A = 1long side of the rectangular duct.

B = short side of the rectangular duct.

p = fluid pressure at any specified point.

P = co-efficient of viscosity.

m = mean hydraulic depth = cross section divided by
wetted perimeter, AB . ab

m= 2(A+B) a+ b

h = pressure loss in inches of water per foot length
of duct.

1 = 1length of duct in feet.

H = pressure loss in inches of Water in length 1 of duct.

Hp = total pressure loss across duct = entrance loss
+ duct loss.

v = mean velocity flow, feét per second.

V = mean velocity flow. feet per minute.

Q@ = quantity per second.

L = density of fluid. .

g = acceleration due to gravity.

Pressure Loss in Duct. - The logarithm of the velocity has been

. plotted against the logarithm of the pressure loss per foot of

1engﬁh of duct for the three types of surfaces in Figures 11, 12
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and 13 respectively. It will be seen that the points for each

duct fall very closely to a straight line. The relation can

evidently be expressed in the form

h : kvn - L - L ] - L . . L ] (l)
where k and n are constants.

e Loss finches of waler) per fool of Duc?

Fresse

Log of

A,

Figell. Relation between air velocity and pressure loss
in ducts constructed of boards with smooth surfaces.
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Fig.13. Relation between air velocity and pressure loss in ducts
constructed of boards with rough surfaces.

Bquation (1) can be written -

log h = log k+n log V.
which is the equation of a straight line inclined at an angle ©
to the axis of log V (where tan 6 = n) and cutting off an intercep
= log k, on the axis of h. An examination of the curves will
show that n is very close to 2 for the different sized ducts and
for the three types of surfaces. k varies with the size of the

duct and can be expressed closely as a function ot the width of
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d

strip (or length of the shorter side of the duct = B). Actually

it would probably be more accurate to express k as a function of

the mean hydraulic depth:

AB

iece B2
2(A + B)

A is large compared with B, however, and (A +B) can be cancelled
out with A leaving B/2.

If log k be plotted against log B for the three
different surfaces the curves are nearly parallel straight lines
and the relation can be expressed as -

k = fBY e e e e e e e e e e . (2)
where f and m are constants for any one type of surface. m is
very close to (-0.61) for the three curves in the present tests.

Combining (1) and (2) and substituting the values for
m and n, we have

h = £B-0.61ye , _ . ., ., ... . (3)

or H = 1fB-0.61y2, . . ., . . . . . (4)
8.05 x 10-9 o

For smooth surfaces f

For average sawn surfaces f = 10.0 x 10-°

For rough sawn surfaces f 12.2 x 10-9 5
Hhen B is in inches, V in feet per minute, 1 in feet, H and h in
inches of water.

The well known Fanning equation for isothermal
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turbulent flow in straight pipes is -

dL 2em
This can be written as -

dp £10 V22(A + B)
aL = "2g AB

or for rectangular ducts in which A is very much greater than

B -
dp _ £t p Ve
dL - 2gB
or h = frp-lye

which is similar to the equation deduced experimentally except

that h varies as B-l instead of as B"O'61

Critical Velocity. - There is no indication from the velocity
pressure curves obtained of anj change from turbulent to stream-
line flowwuhich would be evidenced by a change in slope of the
curves. Apparently the lowest velocities used in the test were
still above the critical wvelocity.

It is difficult to estimate the critical velocity for
the flow of air through ducts such as the openings through timber
stacks because of the short length of the duct. Cornish(s)
states that even at a distance from the entrance of 400m (C.G.S.
units) which corresponds to over 50 feet in the types of duct
used in the present test, entrance disturbances cause a departure
from what would otherwise be streamline flow, as the critical

velocity is approached.
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The intersections of the theoretical curves for
streamline flow (see Appendix 2) with the experimental curves
.shown in Figures 11, 12, and 13, gi#e critical velocities which
are almost certainly too high. However, except in the case of
the §é;in. duct with the planed boards, in which the experimental
data shows the turbuient flow to extend beyond that point, the
experimental curves have been discontinued at the points where
the theoretical stream flow curves would intersect them. Further
experimental work anspears desirable to determine the actual
velocities at which transition from turbulent to streamline flow
occurs in ducts of the type concerned. It seems probable,
however, that in the majority of forced circulatioﬁ kilns the air

flow is turbulent in character.

Entrance Loss to Duct. - The pressure loss at the entrance to

the opening has been given in Tables 3, 4 and 5 and also the ratio

entrance loss
Ve .

a constant, namely 4.4 x 10-8,

It will be seen that this ratio is approximately

Tutal Pressure lLoss, across Timber Stack. - A timber stack can

be considered as consisting of a number of rectangular ducts in
parallel. The total pressure loss is the sum of the entrance loss
.and the friction loss in any one duct, and is expressed by -
Hp = f£1v2B-0.61 4 4.4 x 10-8y3

= (£f1B-0.61 + 4,4 x10-8)¥2 ., . ... .. (5)
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The total head against which a kiln fan must work is
the total "resistance head" which consists largely of the total
pressure loss across the timber stack, and the velocity head.
Other resistance losses occur in the kiln as the air is conducted
from the fan to one side of the stack and returned from the other
side. The extent of these losses will depend on the kiln design.
It would, for instance, be considerably less in a cross shaft
type of internal fan kiln in which the air leaves the fan in the
same plane, as it moves through the timber, than in the longitudin-
al shaft type in which the air leaving the fan is at right angles
to this plane and must be turned by means of bvaffles. The
velocity head tor air flow under low pressure differences can be
determined with but slight error by the same formulae as are
commonly used for the flow of water. The basic formula for such
calculations is -

v o= -Jgéﬁk where Hy = head in feet of air causing flow

or vV = 60 2gHA

12H 62.31
—4 - or Hy = 5.19 Zw
Hy W

where HW = pressure in inches of water

But we also have

weight of air in pounds per cub.foot.

6042 x 32.2 x 5.19Hw = 1096.54’ﬁ
W W

and W

Then v
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For standard air, 700F. and 29.92 barometer, W = ,07495.

and V = 4005\/'@;
or H, = (-Z-gag-.)2 S <)

Other Aspects of Results. - At the highest fan speed used there i:s

an increase in air velocity through the duct with decrease in
spacing strip thickness down to approximately $-in. As the strips
become smaller than this the velocity decreases. At the lowest
fan speed the air velocity through the duct increases with
decrease in spacing strip thickness down to the smallest strip
used, i.e. @g-in., although obviously if the test had been
continued with smaller strips a size would have been reached at
which the velocity reached a maximum. This behaviour follows
Irom a consideration of the factors intluencing the veiocity
through the duct, namely, the size of strip and the resistance to
tlow.

The volume ot air passing through the duct at all
times Jecreasses with decrease in strip size.

These facts are of definite interest in determining
the volume of air required for drying any particular class of

timber.

CONCLUSIONS .

From the work carried out with regard to the relation

between air flow and pressure loss, the following equations have

96,



been estzblished. .
(1) Pressure loss per foot of duct, h = fB"OfG;Vz

8,05 x 10-9 for smooth surfaces.

where f

10,0 x 10-92 for average sawn surfaces.

12.2 x 10-9 for rough sawn surfaces.

B in inches, V in feet per minute, 1 in feet, h inches
of water.

(2) Entrance loss to duct = 4.4 x 10-8vyZ2,
(3) Total loss across duct (in inches of water) -
Hp = (1f B-0.61+ 4,4 x 10-8) v2
(4) Total head against which kiln fan must work
= total pressure loss across stack

+ other resistance losses in kiln (which
will depend on design of the kiln)

\'A 2
+ (——
( 4005 )

The last term represents the velocity head, V being
feet per minute.
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EXPERTMENT 5.

@ = ErFECT OF VARTIOUS FEATURES OF KILN DESIGN ON THE DISTRIBUTION
OF THE AIR OVER THE SIDE OF A STACK OF TIMBER IN A COMUERCIAL KIIN.

INTRODUCTION .

The work of this investigation is grouped under two

main divisions, -~

(a) tests carried out in a special laboratory kiln, and

(b) tests in commercial kilns.
The present experiment consists of a series of tests made in
commercial kilns to determine the effect of wvarious distances_-
between the walls of the kiln and the sides of fhe stack on the
disfribution of the air over the face of the stack. P

Originally it was intended to investigate'the effeg@;of

a number of factors in commercial kiln design on the digtribgpﬁon
of the air over the side of the stack. These tests would have
called for various changes in the actﬁal kiln buildings and it
was found impracticable to carry out the tests at private plants.

The installation of a kiln of commercial proportions at the

laboratory for this class of test has been recommended.

LOCATION OF TEST AND DESCRIPTION OF KILNS. ETC.

. Location of Test: Messrs. Strahan & Davies,
” Arden Street,
North Melbourne.
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Description of Kilns, etp.- Two kilns only were used for the

tests although there are four kilns of the same design at the .
plant. In kiln 1 (furthest from the reconditioning chamber ) two
separate charges were tested; in Kiln 2 (next to Kiln 1) a third
charge was used.

The kilns are of the cross-shaft internal fan type -
and have been constructed from drawings supplied by the Division
of Forest Products. The fans are spaced at 6-ft.6-in. centres.:.
and are 25-in. in diameter; they are rated to deliver approximate
ly 4,000 cubic feet of air per minute at 500 r.p.m., the speed
at which they are driven.

The stacks were 5-ft.6-in. high and their width was
varied for test purposes. In Kiln 1, the Space between the
stack and the wall was 15-in. on one side and 13-in. on the
other for the first charge, and 17-in. and 20-in. respecti?ely
for the second charge. In kiln 2 the two distances were 16;in.
and 12-in. respectively. The stacks consisted of 1l-in.

Mountain ash, ?%—in. separating strips being used.

Air velocities through the stack were measured by
means of the special low speed anemometer according to the
method described in Experiment 1. Other air velocities were

measured by means of an ordinary anemometer.
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PROCEDURE.

In each kiln one fan was selected for_test»purposgs.
the seiecvea fan was well away from the ends of the stacks and,
as far as could be judged, was operating under entirely mormal
conditions.

The sides of the stack in the vicinity of the selecﬁed
fan were marked out as indicated on each of Figures 14 to 19 (blue
prints), it being assumed that this area corresponded to that
Part of the side of the etack served by the fan chosgni
Anemometer readings were then taken at each place marked with a
circle.

The anemometer readings were made by timing wiﬁh a
stopwatch the period required by the instrument to indicatg .
100 feet. The readings were taken at the leaving air side of
the stack in all cases, the circulation being reversed When_
required. While operaping the anemometer care was taken to
keep as far away as possib%e in order to reduce the risk of
interfering with the air flow in the vicinity of the instrument..

Anemometer readings were also made on the entering air
side of the stack of the air being delivered down the side. For
this purpose the area between the top of the stack and the wall
was assumed divided as shown in Figures 20 to 25 (blue prints),
anemometer readings being taken in each position marked with a
circle.
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RESULTS . |

The veiocity readings taken at the different
positions on the leaving air side of the stack in each different
case are shown on the diagrams given in Figures 14 to 19 inclusive
Horizontal,'vertical and grand avera_es have been determined and
are given on the diagrams.

The results of the tests of the delivery of the air
down the sides of the stacks are shown on Figures 20 to 25
inclusive.

A comparison of the total air being circulated by
each fan as calculated firstly, by multiplying the average
velocity through the stack by the area of the openings, and,__
secondly, by multiplying the average Velocity down. the sidg pf
the stack by the area between the wall and the stack, is given

in the following table :-

TABLE 6. .
Distance between o
wall and stack on| Air circulated by one fan (cub.ft.per min)
entering air side Measured on side | lMeasured between spack
of stack and wall of kiln.
12 inches 2820 3480
13 " 3070 3440
15 " 3100 3410
16 " 2950 3520
17 " 3030 3460
20 " 3090 3640
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DISCUSSION OF RESULTS.

The variation in the air distribution over the side
of the stack is somewhat irregular, due, probably, to the
occasional slight projection of odd boards from the sides.
Certain tendencies are quite pronounced, howe&er._ In most
cases the velocities directly opposite the fans are less thap e
midway between them and the velocities at the tops of the stacks
are definitély less than towards the bottoms.

A careful examination of the results shows thatan
all the cases examined the variation is least with the 20-;3:
wide space on the entering air side. However, the variatipn
in this case is very iittle better than for the 15-in, 16-iq,:
or 17-in. wide spaces, and bearing in mind that it is desirab;e
to fill as much of the kiln as is consistent with‘satisfactpyy
circulation, there seems little justification for changing phg
previously recommended width of 16-in. The 12-in. and 13-in,
spaces appear definitely too narrow. | |

Even the best distribution found in these tests was
not entirely satisfactory. The problem calls for further
investigation and it would appear that by far the most satisfactory
way of doing this would be by means of an experimental kiln of
commercial proportionsAin cross section and so constructed that

its actual ‘dimensions could be readily modified.
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An examination of Figures 20 to 25 will show that in
the flow of air down the side of the stack the velocity increases
from the stack to the wall. The fans are delivering approximately
500 cubic ft. per minute less than their normal rated capacity.

They would deliver the 4,000 cubic ft. per minute if speeded up to

approximately 600 r.p.m.
The results given in Table 6 indicate that the method

of measuring velocities across the stack can be applied to
commercial kilns with at least a fair degree of accuracy. The
discrepancies betweén the two sets of figures are due, at least
to a considerable extent, to the air leakage through the opening
made by the 2-in. bearers at the bottom of the stack. Some of
the difference may be due to the air leaving the stack and
passing through the anemometer at an angle (see page 12,

Experiment 1).
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APPENDIX 1.

THE THEORETICAL CALCULATION OF THE QUANTITY OF AIR
REQUIRED TO BE CIRCULATED AND THE CHANGE IN DRYING
CONDITIONS THROUGH A STACK OF TIMBER.

In the drying of a stack of timber of commercial
proportions, the heat necessary for the evaporation of the moisture
must be conveyed to the timber by means of the air passing through
the stack. It follows that if the temperature and humidity of
the air entering the stack are specified, then the temperature .or
ﬁhe humidity of the air leaving the stack is pre-determined as well
as the amount of moisture which may be evaporated.

If the humidity of the leaving air is to be assumed
in order to calculate its temperature, care must be taken that the
assumed figure is within the limits imposed by the quantity of
vapour per pound of dry air entering the stack.

Since volumes change with changes in pressures and
temperatures, one pound'of dry air with its accompanying moisture
will be considered in the present calculations. The independent
pressures of the air and of the vapour will vary according to the
relative humidity and the temperature, but it is assumed that the
total pressure always remains at atmospheric.

The heét required to evaporate one pound of moisture
will be the latent heat of vaporisation, plus the amount necessary
to raise the temperature of the-water from some initial temperature
at which it is placed in the kiln, plus the heat necessary to raise
the temverature of the timber contai ning one pound of moisture.
There is also to be considered the heat of adsorption which should
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be included when drying takes place below the fibre saturation
point. In practice the stack of timber is usually heated before
appreciable drying begins so that in considerations involving the
quantity of air to be circulated, it can be éssumed that the tiwber
and the moisture are already heated to the temperature at which
evaporation occurs. Furthermore, as the heat of adsorption is
very small, this quantity can be neglected. Such a. procedure
is further justified by the fact that the faster drying rates for
which the quantity of air must be provided in most cases occur
when the timber is above fibre saturation point.

Let t; and t, be the entering and leaving temperatures
respectively, and hy and hy the corresponding relative humidities.

Lét dy and dz_be.the lbs.of water per 1b. of dry air
entering and leaving respectively.

| Let r be the specific heat of air at constant pressure

and s that of superheated vapour.

Let H be the heat required to vaporise one pound of
moisture from and at ty

The amount of heat given up by a pound of air in
Passing through a stack is :-

(r+dy xs) (t; - tg)

The amount of water evaporated is (do - dy) and the heat required

is H(dg - d1). These two equations are equal hence
(r + d3 x 8) (ty - tg) =« H(dg - d1)

or H - tl - tg (1)
r + dl X S d_g_—.-_..d.-—l_ L] L] . L] . L] L]
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It can be assumed that the entering air temperature (ty) and
relative humidity (h;) are known so that di can be aetermined

from tabulated properties of aird. To facilitate this determin-
ation, the psychrometric chart, Figure 26, has been reproduced.

We require to find dg - dy, the amount of water evaporated per 1b.
of dry air. Obviously either the temperature or the relative
humidity of the leaving air must first be assunmed. If we know

ts the calculation of dp is simple, as all other factors are known
or can be determined from tables. The specific heat of air r is
0.2375 and that of super-heated vapour s is 0.475. H varies with
t2 and can be determined from Figure 27 which has been prepared
from steam tables®.

The problem is not quite so simﬁle when the relative
hﬁmidity of the leaving air is assumed instead of the temperature.
In this case, H is known approximately only as it depends on to.
The relation between to and dg is complex and cannot be expresséd
by any simple equation; it is generally shown by means of a
curve (see Figure 26). For sﬁort intervals the relation may be
taken as a straight line, and the eéuation obtained from two
points close together may be used for the local calculation. The
straight line equation may then be introduced into (1). H may as
a first approximation be taken as at t; and the équation solved for

to. The more nearly exact value-of H at tg may then be substituted

and the equation again solved for tg. From this value of to the
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straight line equation derived from the curve may be used to
find do.

The quantity of dry air by weight to evaporate 1l-1b.
of moisture is 1 pounds. The volume occupied by this weight
of dry air can %e ;biéihed from Figure 26, thus :- Determine the
dew-point, i.e. the temperature (tdp) to which the air must be
cooled before it becomes saturated. From the same chart the

volume occupied by 1-1b. of air when saturated at this temperature

can be read off. Let this be Vgpe Then :

1

X —

J ds - dy

gives the cubic ft. of air required at tdp to evaporate 1-1b. of

Va

moisture. But the volume is required at tj, the temperature of
the air entering the stack. The volume will vary directly as the

absolute temperature, so that the volume at ty is =

- v, 459.4 + t1 1
1 dp 459.4 + tdp x d2 - dl e o o o o (2)

This gives the volume of air, with its moisture, required -to

A

evaporate 1-1b. of moisture. .

The quantity of moisture to be evaporated in unit time
must next be determinéd. Let m be the moisture content per cent.
(based on oven dry weight of wood) by which the timber is dried in
unit time. Let Woq be the oven dry weight of 1 cub.ft. of wood.
Then m X Wod is the weight of moisture to be evaporated per unit

time from 1 cub.ft. of wood.

Let the timber in the stack be t units thick, the width
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of the stack w, and the thickness of the separating strips s.

Let the number of layers and openings be n. Consider a piece of
thie stack of unit dimensions lengthwise. The volume of timber

= txwXxn. |

Weight of moisture to be removed per unit time = t X wxmxn x “Ed

Volume of air required = t x wxm=x V3 Xn X Wyg o o « & (3)

Velocity of air = Volume - txwxmxVixnx Wod
opening area s Xn
t Xxwxmx V] x Woq
= s ° o .(4)

Two actual examples, drawn from the experimental work described in
Experiment 3, may serve to illustrate the calculations. In the
first of these the temperature is given and in the second the
leaving air relative humidity. |

Example 1. - The entering air temperature and relative humidity are
respectively 14Q°F. and 54 per cent.; the leaving air temperature
is 1320F, The timber is l-in. thick and its oven dry weight per
cub.ft. ig 34 1b. The strips are l-in. thick and the stack is
5-ft. wide. What air velocity will be necessary to dry the timber

ut the rate of 1.39 per cent. moisture content per hour %
H - t1 - t2 '
r+ d1 x 8 deo - dj
The weight of moisture in 1-1b. of dry air at 140°F. and saturated

Now eq.{1) is

is (from chart) 1105 grains = .158-1b., and at 54 per cent.restive
numidity is 188 X 54 = 0853 = 4,
100
H (at 132°F.,) = 1019.
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Therefore substituting in equation

1019 _ 140 - 132
2376 + 0.0853 x .476  dg - .0855

whence do = .0876 and the rel.hum. of lzaving air = ‘gggs = 72%

and dy ~ dy = .0023
and.56%3 pounds of dry air are required to evaporate 1l-lh. of water
The dew point of air at 140°F. and 54 per cent. rel-
ative humidity is 1194°F. and 1-1b. of air when saturated at 11940F
occupies 16.45 cub.ft. The volume of the mixture of air and
vapour at 1409F. is =
16.45 x 459.4 + 140 - 14 o3

459.4 + 1194
<. volume of air required at 140°F. and 54 per cent. relative

humidity to evaporate 1-1b. of moisture = 06%3 x 17.03 = 7410.
txwxinX V] X Woy
S

From equation (4) the velocity of the air is
= #oX 5 x 1.39 x 7410 x 34
60 X A2
292 feet per minute.

Example 2. - Assume the same conditions as in Example 1, but
instead of the leaving air temperature being given, the leaving
are relative humidity is given as 72 per cent.

Substituting as before (but taking H at 140 as ts is

not knowm).

1014% . 140 - t3
or 140 - to

3650 « « 4 o 0 4 4 o . (B)

d2 - 00853

To obtain the relation between to and ds take two sets
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of values for 1b. of vapour accompanying l-1b. of air at 72 per
cent. relative humidity near the expected value of tg and assume
a straight line relation. Thus

d = a + bt.

when t is 135,4 = .0961. when t is 130, 4 = .0824.
then .0961 = a + 135b g
10824 = a + 130D
subtracting, .0137 = 5b
b = .00274.

substituting for b in the first equation,
’ 0961 = a + 3695
‘a = -,2734.
whence ds = -.2734. + .00274to
Substituting for d, in eq.(5)

140 - to :
= 273% ¥ .00274t, - L0855 - °690-

Whence ty = 1320F.,
But the value of H was taken at 1400F. instead of at 132°F,
Re-substituting the new value of H, and solving again,

1019 140 - 132

+2375 + .0853 x .475 do - .0853

whence do = .0876 and the calculation proceeds as in Example 1.
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APPENDIX 2.

THRORETICAL FORMULA FOR STREAM LINE FLOW IN RECTANGULAR DUCT.

B . F

6
a. O a |
4

G i H

Let E F G H represent a cross section of the rectangular duct.

Take the origin of co-ordinates at the centre of the cross section,
Ox parallel to the longer side;, Oy parallel to the shorter side,
and Oz ﬁarallel to the axis of the'pipe. w is the velocity in

the direction 0Oz.

The general equatiors of motion (see Gibson4 pageb6),

reduce to -
dD . 4 2P ., 2B 2% . 2°%w .
0X ’ ay. ’ 2z ~ /‘L(axd ayz) s e s e e (1)

The first two equations show that the pressure is constant over
the section.

Let T = - ° %}g- and w = 8 + T(b2 + y2).

Substituting.in (1) we have -
%E;% + —%%?% 2 0 e e e e e e e e (2)
The object of introducing S is to simplify the boundary
conditions. Along the boundary
S+T(P® - ¥2) = w = 0 v v v v oo (3)

Hence along EF, GH -
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and along EG, FH
S : -T(b2 - yz) * . L [ ] * * . .. L] . e o o . - . * . . * (5)

From (4) all terms in S must vanish when y = +b. This

condition is satisfied by terms such as -

cos (8n + 1) y
1 b
where fl is a function of X only and n is any integer
substitute 8 = N cos my in (2) then
2
.%2-? = mzq : O [ ] . . L] . - . o . . * . . . ° (6)
whence
. L] * . L] . . (7)

fL = Ay cosh mx + B, sinh mx . . .
By symmetry about Oy, B, = O, hence
N, = Ajcoshmx o « « v v v o v v v v v oo v .. (8)
and S consists of terms like
A, cosh mx cos my, where
m = (2n+1) T/2b.
These terms must now be made to satisfy the other boundary

condition (eq.5).

For convenience let y = gg?g— B D
n =< ) :
- 2n + 1
Then S = < Ap cosh (2n 2b)‘ﬂ'x «cos (RGn+1)e6 . .(10)
n = O .

Substituting from (9) in (5) we have
5 = T.ab® (62 - ) /R0 0L L L. (1)

This must agree with (10) when
x = ta, i.e. with

n =
S = P A, cosh (2n + 1) 7 a «cos (2n 1) 6 . .(12)
n = 0 2b
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Expending (11) in a Fourier's series we have

~

S e
S = —éggsh- %.cos e - %3- cos 36 + %3 cos 56...1} .. (13

Comparing co-efficients in (12) and (13) we obtain Ay, A, etc.

whence we find -

_ 327 be cosh(_ 1T x/2b) o5 Ty 1 cosh(STTx/2b) srry ;
5= "3 cosh( 1T a/2b) °°° 720 T ;3 cosn(37a/2b) %2
e o 6 5 0 0 0 0 s . . * L] . * . . * . * L] * L] (14)
Hence 2
w oz 32T b {cosh(ﬁxAZb) cosIL¥ _1_ cosh(31Tx/2b) 003377’
113 cosh(r a/2b) 2b 33 cosh(37Ta/2b) 2b
-~‘-} + T(b2 = y2) L] L] L d L * * L] * » * L] L] * . L ] . [ * L] (15)
The total flow is given by
Yy =+Db x= +a :
Q = WAX AY « « « + o« « + . (16)
: y = -b X = -~a

The integration of the terms in (15) is a straightforward matter an

gives finally -

= .4 abd ap _ 192 b Ma . 1 31 a
qQ 580 6 {1 R (tanh 52 + ggtamh = e ) o (1)
If v is the mean velocity flow in the duct

vzéggﬂ

N G 1)

3 p ‘dz
- 192 . b Ma 37Ta
where c = )}]1 - tanh +— t nh oee
[ 755 | v g5 tAMR Tpm ot el

when a =oC , or the flow is between parallel plates of infinite
width

cC =1 and
- b2 dp
V - —— 'y
3’ dz L] . . * [] * ® L ] [ ] L ] L] L] . L ] * * [ ] [ ] (19)
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