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Takeo OGURA, Uhei SuGisHITA and Shin TERAZAWA:
Studies on the Drying Equipment for Woods. (3)
The observation of air current in model naturally ventilated dry kilns
by means of the ‘‘Schlieren method”’.

Résume

1. Introduction

The naturally ventilated kiln is inadequate for drying boards evenly. The reasons why it
cannot dry them evenly in this type perhaps exist in the fact that a difference of temperature
occurs in the kiln, because the hot air cannot circulate evently throughout the kiln. But,
most of the drying kilns in Japan are of the naturally ventilated type, so we must ascertain
how to improve this type of kiln, that is, where to place the fresh air inlet, the moist air
vent and the heater. We cannot directly observe the hot air currents in kilns without any
special provisions; therefore we observed the air currents in the model dry kilns, which
were made similarly to the naturally ventilated dry kiln itself, by means of the ‘‘Schlieren
method’” and took many photographs.

According to these photographs we have been able to decide roughly the following
items, and to obtain some fundamental data for the design of naturally ventilated kilns.

1. Where to place the vents

2. The width and shape of the heater

3. How to pile the boards.

We certainly have some doubts in applying the results observed in model kilns to the
dry kilns used in practice, because there are many diferences between them; for instance,
the size of kiln, the temperature of heater....the temperature in model kilns is higher than
that in dry kiln used commercially....the moisture content of boards piled there (the boards
in models were dried very well: when the moist boards were used, we could not observe
the air flow in models owing to the moisture which had evaporated from the boards and
condensed on the glass of the model), and the Renold’s numbers. But we feel justified in
presuming to some degree the course of the air currents in commercial dry kilns from the
results observed in model kilns.

2. The relation between vent position and circuration.

Observations in regard to the relation between vent position and circulation.

In the case of no charge in the kiln, the higher a vent is placed above the floor, the
lower the thermal effeciency is, because the hot air, which is in a dry condition and has
yet the faculty to allow the moisture in wood to evaporate, directly exhausts through the
vent.

In the case of piling the boards, too, the same observation was made. Here again, with
the vent in a high position we noticed that the higher the position of the vent, the lower
the thermal efficiency became. This is because the hot air rises upwards along the side
walls, and prevents the moist air from coming down. When the vent is placed near the
heater, the moist air flows downwards along the side wall and exhausts through the vent.

Consequently, from the results described above, we counclude that the most suitable
position for the vent is about the same height as the heater itself.

3. On the width and form of heater.

In this case we observed how the hat air circulates in the model kiln in which the vent
was always placed at approximately the same height as the heater, and the length of heater
was gradually shortened every time one observation was over.

Observations

As is verified by these photographs, it has been ascertained that it is better to con-
centrate the heat as near to the center as possible, and the heater’s length should be cer-
tainly less than 3/4 of the kiln-width, otherwise if the heater exceeds this length the hot
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air rises upwards throughout the length of heater and prevents the moist air from coming
down along the side walls. This we found when the kiln was not charged.

In the case of the kiln being charged the heater should be placed much nearer to the
center, because the hot air has difficulty in rising upwards and keeping to the center; and
is apt to spread widely.

We have not experimented with commercial kiln installations as to whether the heater
should be placed within 3/4 of the width of kiln, but we are able to presume approximately
where to place the heater in them by our findings described above.

As regards the shape or form of heater, we think the V-form is usually the most sui-
table. But, if there is a lack of heat in the middle part of the heater (for instance in such
a case as we cannot place heater only in the center part for some reasons) the reversed V-
form is better than the V-form, because the hot air rises upward and, we found, concentrates
more to the center in the case of the former.

4. How to pile the boards. [

The model kilns used in these observations are shown in Photographs. The vent is
always placed about the same height as the heater, and the heater is placed within 3/4 of
the width of the model kiln.

Observation

In the case of piling the boards in the kiln, the hot air does not rise upward sevenly,
but is apt to spread widely. The more the boards are placed closely together, the more the
hot air has difficulty in rising upwards, because the resistance against rising upwards be-
comes strong. Therefore, however suitably the heater may be placed, the hot air can not
have a good circulation when the piling method is not suitable for the circulation of hot
air. To prevent such bad circulation, it is necessary to make a chimney in the center of
the piled boards. But, in this case, if the chimney is made too wide, the hot air will
concentrate in excess into this chimney and the air flow from the chimney downwards and
over to both side walls becomes difficult. So, the boards must be piled in such a way as
to allow the hot air to rise upwards throughout the piling by means of placing some boards
on the upper part of this space which we have called the chimney.

In the case of having paralelly two piling trucks in kiln, of which type there are many
kilns in Japan, only the middle part of the heater, above which the boards are not piled,
must be removed, or we must devise other means to prevent the hot air from rising upward
there.

5. The furnace type dry kiln.

We observed the air currents in the models of furnace type kilns which are constructed
in many places in Japan, because the cost of their construction is comparatively cheap.

we used two models in these experiments, the one has one smoke tunnel placed at the
bottom in the center as is shown in photograph No. 33, the other has two smoke tunnels
placed paralelly near the center. See photograph No. 34.

Observation

In the case of no charge in both models the hot air is observed to rise upwards concen-
trating towards the centre.

Even in the case of a charged kiln, the hot air is apt to rise upwards vertically,
therefore it seems to be necessary to induce the air current to spread before it goes upwards
into the piled boards and to allow it to pass throughout them.

To do this, there is no way except to place the boards at very small intervals between
them as far as the upper part of the smoke tunnel is concerned, and rather more widely on
the other part.
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o Ji Lamp house S EElEsEE) Model dry kiln
L v x Leight collecting convex lens M [H i #$5 Concave mirror
CEf 7Y A2 Prism K:% x < Camera
CE O ik Leight intercepting plate
Phot. 1 =Y — v v DM 2 T
Instruments used by Schlieren method.

W or

Phot. 2 D A% X Model size
VI B S8 & [T IRSE & BRI & 73 Width of model 25 cm

Thickness 3cm

This picture shows how the model is set Height 28.5 cme

before the concave mirror to take y}:%n DFx X ..Vent size 2X2cnm
photograph by the Schlieren method. Phot. 3

HEE O o (78 & KHiIES: & OBER A BIER L o,
This is the model in which we observed
the air currents and took photographs as
regards the relation between vent position

and air circulation.
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Phot. 4 v — ¥ —DIF & HlFIFEIIC ST HIEE IO Kx X Model size

ks Teo R X Thickness 22 cm
N . [ = Height 37 cm
This is the model in which we conducted Mo, Width of model  35cm
the experiments to determine the width Phot. 5  [BR{HERIC D\ THREZ L F-18TH, HEE
and form of the heater. ADMEIL e — X2 ~DE X,

This is the model in which we conducted

the experiments on the piling methods.

Vent position: About the same height as
the heater.

Heater’s length : Less than 3/4 of the width
of the model.

Phot. 6 OFNIPEE H DA 7273, Phot. 7 &tk iriadl LF-L, WHERICE
K IRIC O T BT LKA OB ST FML, PIRN LS T 5. SHilh
TOTFML, SR & OSSN B 2REES gh Xy Phot. 6 X M UPER% LT\ %,
;;ﬁ%&k??; DI <, BHICE 2L The air current generally rises vertically,

. . .. comes down along the side walls and

This shows that the hot air rises towards -

the central part of the ceiling, comes down exhausts through the vent. This shows

along the side walls and then exhausts
through the vent.

(Mark _; shows the vent position)

approximately the same circulation
as Phot. 6.
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RTLDTH%,
When the veut is placed at a little higher
part like this, the air current takes the
different course from that shown above.
This shows that the hot air rises upwards
straightly, but does not come down to the
vent along the side walls.

Phot. 10 GO —ir kBl Mm@ ->T

TRLUTEFT 55, b TEEWCEED S
EHEERTEZ 2055
In the case of placing the vent at the
positien like this, usually the greater part
of the hot air directly exhausts through
the vent. But, we can sometimes observe
such air current that the hot air rises
upwards straightly for a moment as is

shown in this phot.

Phot. 9 KO DAL Phot. 8 LU THAD
M EFEHRD RO EA DY Ml Em T
BHARER R

Phot. 8 HEG A2z DRI e D & SIATEENT
TEMRE Te D, KRDOEMNE LA B4 L F
O—HNEHEREG I BE 2D D, WENLE
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This shows that a little bit of the hot air
moves towards the vent and exhausts
there directly.

Phot. 11 &ifid %4 L CiEdEfE & icm>TE

FLTWS. HRILEFLL, Ero L oAz
KD BND .
This shows that the hot air rises upwards,
moves spliting towards the both vents and
exhausts through there. Therefore, the
thermal efficiency is lower than any
other case.
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Phot. 12 v — & — USRI A AR 7e8h&,  Phot. 13 EFRHO -5 EEK Mcm>T
BRZEDTTHRL T 2EHENTC RSN S, LH3 210, THRSEEY S E-TFTL5

Even if the boards are placed above the In this case the vents are placed at the

heater, the hot air rises upwards through position like this. This shows that a part
the boards and comes down along the side of the hot air rises upwards along the
walls in the same way as the Pbot. 7. side walls, consequently it prevents the

air currents coming down asong the side
walls and exhausting through the vent.

Phot. 14 {Hl8(fi & v — ¥ — 2 Ol 1.5cm S Phot. 15 U & v — % — & DRl 2.0cm.

BEETE ~ 2 =235 LHEEIC T OTE o TR [IEEHE I 22 C 157 5 SHinERz D bh

Wik e — % —Wikeh HO FAKHE N ERLTL 4

WIEBR R Lo\ )
The space between the wall and the end
of heater is 1.5c¢m respectively. When
the heater is settled near by the side
walls like this, the hot air does not sui-
tably circulate, because the hot air rises
upwards along the side walls and it pre-
vents the air current coming down along

the side walls.

The interval between them: 2.0 cm.
We can observe the hot air rising a little
more upwards than in the case of Phot. 14.
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Phot. 16 {HIBEf & & — % — & D[ 3.0cm Phot. 17 {HlBEF & & — X — X DFE 4.5cm.
e /% E ';;15’5; VJFEKI;T‘;}??;FH?%@ 1/8 U\_H\’-tﬁ@% Phot. 16 £ 72\ o WRILEHRREETH 20 & bic
FHIFRICFE L FOTERLILLD S, TR -4 R
WHERIC O T T Y, EEREREY LT\ 5, PR C LD
The interval: 3.0 cm
When the heater’s length are less than 3/4
of the kiln-width, that is, when the inter-
vals between the side walls and the end
of heater are kept more than 1/8 of the
width, the hot air circulates so suitably.
Namely, the hot air rises upwards, keeps
to the center and comes down along the
side walls.

The interval: 4.5 cm.
This case shows the air current concen-
trates to the center as well as in the
case of Phot. 16.
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The heater is settled in the V-form as
shown in this Plate. The hot air rises
upwards, moves towards the center of
kiln. This shows the suitable circuration
of hot air.

This shows that when there is a lack of

heat in the middle part of the heater, the

hot air is apt to divide into two parts and

prevents the air current coming down
along the side walls.
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When there is a lack of heat in the middle K ExRT,

part of heater, this seems to show that In the case of piling the boards without
the hot air rises upwards along the heater’s any space in the center like this, we can
line and circulates suitably, if the heater find the hot air rising upwards around

. . . R the piled boards and the air currents mo-
is settled in the reversed V-form like this. ving towards the side walls in the piling,

but we cannot find any current at the
upper part in the piling.

The irregular air current observed beneath

the heater is because of the fact that the

fresh air enter from the inlet and as
this result an eddy occurs.
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. . This shows that the hot air rises upwards
This shows that the hot air concentrates mainly along the chimney in the piling,
to the space settled in the piling (this turns its direction at the ceiling of it,
space is called the chimney in the follo- passes through the spaces between the

wing), but the air current does not be piled-boards and comes down along the
side walls. But, we cannot find any air

found at the upper part of the both sides current at the upper part of the both
of the piling. sides of the piling.
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In this case the thinner boars than that in the above are piled. We can find the
hot air to rise upwards in the chimney and the intervals in the piling except the
both upper corners of the piling.
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It is possible to say that this case is in the good condition. This is because the air

current passed out from the spaces between the boards of the both sides almost

evently and come down along the side walls can be observed clearly. But, so far

as concerns the upper both sides the air current is not yet so good as the other.
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The good air current can be found throughout the piled boards. The hot air seems to
move towards the side walls in the spaces between the boards, too. Consequently, in
this case, such piling method like this seems to be the most suitable.

7.
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The condition of the air current in this In the case of having paralelly two piling
case is comparatively better than that in tracks and placing the heater at all over
Phot. 25. But, in this case, appears such the width like this, the air current seems
a defect as the amount of the boards piled to concentrate mainly into the space bet-
there results in decrease. The fog at the ween two tracks and to rise hardly

left side is the cloud of the model-glass. upwards in the piling.
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In this case, only the middle part of the
heater, above which the boards are not
piled, are removed. But, even in this case
the air current seems to concentrate mainly
into the space between tracks and not to
rise upwards in the piling in the same
way as that in Phot. 28.

Phot. 31 g FEROIRA R 278G
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When the boards only on the top of each
track are closed together side by side, a
little air current moving towards the chim-
ney between two tracks from the space
between the piled-boards can be found.
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In this case, ....removed the middle part

of the heater....the intervals between the

boards are somewhat lengthened as shown
in the phot. 29. We can observe the air
current rising upwards in the each interval
between boards in the piling, consequently,
we can hardly find the air current to move
towards the chimney between the two
tracks.
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Moreover, when only the middle intervals
in each piling are a little more widened
as shown in this plage it seems to be
unnecessary to keep the intervals of the

other parts so wide as in Phot. 31.
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This shows the air current in the model
of the furnace type Kkiln, in which one
smoke tunnel is placed as the heat’s sour-
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ce at the bottom in the center. The smo-
ke passed through this tunnel exhausts to
the outdoor through the chimney.
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The air current extremely rises upwards
vertically, because the temperature of the
smoke tunnel is very high. When the
boards are piled with the A-form’s space
in the piling, this tendency of the air
current becomes stronger and the hot air
is apt to rise only into the A-form’s space.
Consequently, the hot air does not seem
to move to the lower part of the piling.

The air current in the furnace type’s
model, in which two smoke tunnels are

placed at the bottom near the center,
is shown.

Phot. 36 v ~ X ~TH_E{fOMR M A X ek
W~ E =2 bLORHITERTE LOATF BT
g —c i St 5,

In the case of placing the boards at very
small intervals between them so far as
concerns the upper part of the smoke
tunnel and rather more widely on the other
part, the air current spreads widely and
rises upwards in the each interval
almost evenly.



