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AIR CIRCULATION IN DRY-KILNS*
By: M. SALAMON

Abstract

Observations of many operating kilns have shown
that even identical kilns built by the same manufacturer
sometimes have special and different operating char-
acteristics which make it impossible for any drying
schedule to be exactly applied without allowing for
these differences. A basis for comparison between dif-
ferent kilns has been worked out by developing co-
efficients which can be applied to any kiln and which
are indicative of the strong and weak points.

Eleven industrial dry-kilns were investigated. In
addition to air-circulation studies, the efficiency of the
circulating air, the cooling properties of kilns, and the
effective power consumption of fans were also deter-

mined, thus making it possible to evaluate these factors
as well.
Introduction

The conventional kiln-drying of lumber has reached
a high degree of efficiency, but the knowledge gathered
in research and practical operation during the last forty
years must also be applied if the best possible results
are to be obtained.

It is not the intention of this paper to go into all the
details of moisture movement in lumber. This paper
which I have the honour to present here will be limited
to a discussion of air velocities, air distribution, wastage
of air, and other factors related to the functioning of a
kiln. However, it would not be out of place to review
two basic factors concerning the removal of moisture
from wood:

1. Each species has a critical temperature to
which it can be subjected and which must not
be exceeded until the moisture content is low-
ered to the fibre saturation point.

2. A continuous moisture movement is necessary
during drying if degrade is to be avoided.

Air as the drying medium is circulated through the
kiln to carry heat to the wood and moisture away
from it.

The following facts concerning the fundamental
properties of a kiln should also be kept in mind:

(1) A kiln should be adequately insulated and
kept tightly closed during operation. No gaps whatso-
ever should be allowed, even in areas where pipes,
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revolving parts or electrical wiring pass through the
walls.

(2) A properly designed and uniform heating sys-
tem which will allow only a small drop in temperature
longitudinally in the kiln is necessary.

(3) A spray system capable of maintaining rela-
tive humidities of up to 95 per cent at 150°F. dry-bulb
temperature is required.

(4) A recorder-controller is an integral part of
every kiln. In addition, a kiln operator requires a mois-
ture meter, drying oven, scales, and velometer to pre-
pare samples and make continuous observations of the
progress of the drying.

(5) A uniform air-circulation from 200 to 400 feet
per minute is needed. The drying time will be reduced
if a higher rate of air-circulation is used in the first part
of the schedule.

Air-circulation is an important factor in dry-kiln ef-
ficiency, particularly in the early stages of drying. Re-
search and practical experience have shown that a
high and uniform rate of flow of the drying medium is
necessary to achieve the highest drying rate. In addi-
tion, the size of the gaps around the loads and even at
the ends of a kiln play a significant role in establish-
ing the most effective pattern of air-circulation.

Kilns Examined
Eleven kilns were investigated in the vicinity of

Vancouver and Vancouver Island, British Columbia,
during the years of 1958 and 1959. Nine were double-
track types and the other two were single-track de-

Table 1

signs. Ten kilns had over-head fans, the eleventh had
underfloor fans, and all were cross-circulation types.

The dimensions of these kilns varied in length from
76 feet to 124 feet; in width of plenum chamber from
48 to 72 inches for the double-track kilns, and from 30
to 40 inches for single-track kilns. The total area of
roof vents varied from 30 to 50 square feet.

The height of loads ranged from 11 feet to 14 feet,
and the width from 7 feet to 9 feet. The sticker thick-
nesses varied from 3/4 to 1 inch.

The kilns were equipped with various types of fans
(propellor or multivane types) with diameters ranging
from 54 to 84 inches. Power consumption and efficiency

_of the different types of fans varied considerably.

Instruments Used for Measurements
The air velocities in the kilns were measured with

an Alnor Velometer type 3002 in nine cases, and in
Kilns A and E an Alnor Velometer 8100 was used.
These instruments are considered accurate within 3 per
cent of full scale for air at 68°F. dry-bulb, 50 per cent
relative humidity, and a pressure of 29.92 inches of
mercury.

Only in one case was it necessary to make correc-
tions-when the measurements were carried out at ap-
proximately 150°F.

In six cases the measurements were made with a
green charge, and in five cases on a dried and cooled
charge.

A minimum of three readings in the vertical plane
were taken on the exhaust side of each load, and the
data were averaged.

DISTRIBUTION OF CIRCULATED AIR AS MEASURED

KILN IDENTIFICATION A B C D E F G H 1 J

NUMBER OF TRACKS 2 I 2 2 2 I 2 2 2. 2 2

AV. VELOCITY THROUGH	 CHARGE	 -	 FPM 238 152 337 230 128 395 360 370 390 470 310

• NORMAL GAPS	 -	 " 293 648 337 300 234 571 360 370 390 470 310

•	 • "	 ABNORMAL GAPS -	 " 345 45 - 430 30 - 566 66 574 74 390 90 - 510 10

•	 "	 - GAPS OVER CHARGE	 -	 " 545 522 - - 566 66 574 74 - - 286 86

• "	 - GAPS UNDER CHARGE	 -	 " I I 0 372 - - 551 I 623 653 - -

" AROUND ENDS OF CHARGE - 	 " 576 350 800 367 325 659 850 860 585 - 430

TOTAL VOL. OF AIR CIRCULATED -	 C FM x M 313 311 386 243 236 712 342 276 322 271 223

AIR LOSS THROUGH ABNORMAL GAPS
6.2 7.8 - - 7.9 10.2 0.9 - 5.3

BETWEEN LOADS - % OF TOTAL VOLUME

BY-PASSED AIR (WHERE BAFFLES ARE OR COULD

TOTAL
31 . 6 26.6 20 . 4 7.4 16.3 5 • 4 35.3 42.0 33 . 5 - 19.0

BE FITTED) -	 % OF	 VOLUME

WORKING AIR	 (AIR THROUGH	 CHARGE	 AND

LA	 GAPS)	 S OF TOTAL VOLUMENORMAL	 - M	 G
62.2 73.4 79.6 84 . 8 63.7 94.6 56.8 47.8 65 . 6 100 . 0 75.7
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Results and Discussion
For the purpose of this paper, the total air-flow was

divided into two categories: useful (working) air and
wasted (lost) air, as shown in the last three lines of
Table 1. Air flowing through the charge and through
normal (4" to 12") gaps is considered useful air.

The wasted air was sub-divided into five parts:
(1) Losses through abnormally large end-gaps.
(2) Losses over the top of the load resulting from in-

sufficient depth of the baffle.
(3) Losses through gaps under the loads.
(4) Losses through gaps left at the ends of the charge.
(5) Losses sustained over the top of the charge in

those installations where top baffles were either
not installed or were missing Kilns A and D).

Table 1 shows these losses as a percentage of total
air flow in each case.

Definitions
Through charge means through the net open area

of a longitudinal section of the charge, i.e. through the
spaces existing between lumber courses and governed
by the sticker thicknesses used at the time of the meas-
urement.

Through normal gaps refers to air-flow through the

small gaps normally remaining between box piled
loads when the cars are touching or nearly touching
each other. Such gaps ranged from 4 to 12 inches in
width.

Through abnormal gaps refers to the large gaps
existing between loads when, for example, the loads
are comprised of mixed lengths. The figures used for
these losses are average readings.

Through gaps over loads refers to the gap between
the top of a load and the top baffle.

Through gaps under loads refers to the gaps existing
between bottom baffling and the undersides of the cars.

Around the ends of charge refers to both ends of a
kiln. End baffles were not installed in any of the kilns
studied. The figures shown are the estimated average
values of readings taken at several points in the areas
concerned.

Air flow measurements in the plenum chambers
are not given for any of the kilns. In all cases, read-
ings of doubtful value resulted due to turbulence of the
air mass. Even in the case of Kiln F with its high rate
of air circulation, these measurements did not yield any
significant values, the mean of the readings being very
close to zero.

FIGURE I
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TYPICAL DISTRIBUTION OF AIR VELOCITIES THROUGH LOADS
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Kiln A is of small size and of modern design but
the measurements have indicated that only 62.2 per
cent of the total air volume was employed usefully. In
the smaller kilns the losses tend to assume a relatively
greater proportion of the total air. The 20 per cent loss
through gaps over the load was the greatest for the
kilns measured, but could have been eliminated by fit-
ting suitable baffles.

Kiln B operated with air velocities in the lower
range. Losses through gaps under the loads and
around the ends of the charge were nevertheless 25
per cent of the total air circulated. Most of this loss
could be eliminated by the use of baffles.

Kiln C, with its relatively high air velocity operated
well and if top baffles had been fitted would have been
very efficient.

Kiln D, with 84.8 per cent of its total air usefully
employed, ranked second among the kilns tested.

Kiln F, even with end baffles missing, showed by
far the highest efficiency, with 94.6 per cent of the total
air usefully employed.

Kiln G performed ten per cent higher than Kiln C,
and the percentage of working air was second lowest.

Kiln H showed about the same air velocities as
Kiln G but had the lowest percentage of working air.

Both Kiln G and Kiln H had significant losses
through abnormal gaps and in by-passed air.

Kiln I also showed lower than average performance
in respect to working air, here also baffles would im-
prove the efficiency of the kiln.

It is interesting to note that Kiln J, on which all the
baffles and all the loads were in their proper places,
rated the highest in efficiency of air-circulation. This
kiln showed the best performance for useful air volume
circulated except for the single track Kiln F.

K was an older type of kiln and fitting of baffles
would have improved efficiency.

Figure 1 shows typical distribution of air velocities
through loads. The graph on the left side of the figure
shows a series of measurements between tiers of lum-
ber in one vertical plane in Kiln A. It should be noted
that the very high air velocity above the load, which
exceeded the average by three-and-a-half times, re-
sulted from lack of baffling.

Because of the effects of radiation and diffusion,
the drying rate of the upper courses tends to be faster.
When a very high air velocity occurs over the top of the
load this effect is accentuated, with the result that a
wide variation in final moisture content of the charge
Occurs.

The chart on the right side of the figure is typical
of the air velocity distribution of a well baffled load.

The difficulty of comparing one kiln with another
of different design and dimensions is obvious. How-
ever, the air-circulation efficiency of the various kilns
can be compared by determining the total volume of air
circulated per hour per unit of kiln volume. This figure
has been designated as coefficient "P" which, in other
words, is the number of times the air volume of the kiln
is circulated per hour. The calculations of coefficient
"P' are shown in Table 2.

A second coefficient "Q" shown in Table 2, is the
ratio of kiln volume to the volume of the theoretical
charge. This coefficient provides a basis for rating the
heat requirements of the air input. The volume of the
theoretical charge is an assumed charge of one inch
lumber on one inch stickers, of the same width and
height as a normal load, and extending the full length
of the kiln.

TABLE 2

SHOWING CO-EFFICIENTS • P• 8 ..0"

KILN	 IDENTIFICATION A B C D E F G H I J K

TOTAL AIR VOLUME CIRCULATED per HR.

CU. )1FT.	 M	 (I)
18,782 18,642 23,159 14,571 14,162 42,742 20,528 16,536 19,334 16,271 13,374

VOLUME OF KILN

CU. FT. x M	 (2)
48.5 42.3 63.9 45 . 7 75.8 39.3 91.8 91.8 64.7 79.0 68.7

VOLUME OF THEORETICAL CHARGE

U.	 T.FCU. 3(3)(
7752 6171 9089 6468 12,677 7093 11,016 11,016 11,016 10,913 10,530

(1)
COEFFICIENT	 • (.• = —

(2)
387 440 362 318 187 1087 224 180 299 206 195

(2)
CO-EFFICIENT	 • • =	 —

(3)
6.26 6.85 7.03 7.06 5.98 5.5 4 8.33 8.33 5.87 7.24 6.52

* • VOLUME OF THEORETICAL CHARGE .' MEANS A CHARGE OF I" LUMBER

ON r STICKERS EXTENDING, WITHOUT BREAK, THE FULL LENGTH OF A KILN AND

HAVING THE CROSS-SECTIONAL DIMENSIONS OF A NORMAL LOAD FOR THAT KILN
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TABLE 3

SHOWING THE CALCULATED COOLING AREA, THEORETICAL CHARGE, AND SPECIFIC COOLING AREA

KILN	 IDENTIFICATION A 8 C D E F 0 H I J K

COOLING AREA — SO. FT.	 —	 ( 1) 551 0 7744 6690 5649 9643 7322 10,572 10,572 9 663 9 665 9164

THEORETICAL CHARGE - M fbm — (2) 93.0 74.0 109 . 0 77.6 151.2 135•1 132.2 132.2 I32•2 130 . 9 126.4

( 1	 )
SPECIFIC COOLING AREA 	 —	 —

(2)
59 . 2 104 . 6 61.4 72.6 57.2 II 6 . 0 79.9 79.9 65.5 73.9 72.6

TABLE 4

RELATIONSHIP OF CIRCULATING AIR TO INSTALLED MOTOR SHAFT POWER

KILN	 IDENTIFICATION A 8 C D E F 13 H 1 J K

AIR VOLUME	 CIRCULATED 

CU. FT. per SEC.
5217 5178 6 433 4047 3934 11,782 5702 4593 5 370 4520 3 715

TOTAL INSTALLED	 SHAFT	 H.P. 35 36 60 50 40 42 40 40 60 60 75

AIR VOLUME	 CIRCULATED —
CU. FT. per SEC. per INSTALLED 	 H.P.

149 144 107 81 98 282 142 115 89 75 49

Obviously, both coefficients may be readily evalu-
ated for any kiln. The values of these coefficients for
the kilns tested are shown in Table 2.

On the basis of coefficient "P," Kiln F possesses by
far the highest air-circulation efficiency, a figure more
than double that of Kiln B, the next highest.

Kiln F also shows the best (lowest) value of co-
efficient "Q" Kilns E and I were next and within ten
per cent.

In order to investigate heat loss performance, a
rating of the cooling area was also estimated for each
kiln. The following data were computed:
1. Cooling Area—The surface area in square feet of

the inside walls and ceiling, but not the floor.
2. Theoretical Charge—A charge, defined arbitrarily

for comparative purposes, consisting of one inch
boards with one inch stickers extending to both
ends of the kiln, and expressed in M ft.b.m.

3. Specific Cooling Area—The above cooling area in
square feet per M ft.b.m. of the theoretical charge.
Table 3 shows the calculated cooling area, the-

oretical charge, and specific cooling area for the kilns
investigated.

The specific cooling area provides a basis for com-
paring the theoretical efficiencies of various kiln designs
with respect to heat loss. As shown in the table, all
kilns perform differently. The newer kilns had a range

of 59.2 to 86.0. Kiln E, with fans under the floor, was
ahead of those using overhead fan systems.

A comparison of fan efficiencies was made by com-
puting the volume of air circulated per second per H.P.
Table 4 shows Kiln F to be by far the most efficient in
this respect. The most efficient fan was 51/2 times as
efficient as the poorest.

No attempt was made to evaluate the effect of fan
type on the efficiency of the kiln. Generally speaking,
the efficiency of fan design has improved very much in
the last decade, but a wide range still exists.

Conclusions
The measurements discussed in this paper show

that the distribution of air velocities in each kiln was
fairly uniform. The more recent installations performed
somewhat better than the others. Installation of direc-
tional baffles will improve the uniformity of air-circula-
tion between courses.

All the kilns suffered from lack of end baffles, and
there were consequent losses around the ends of the
loads ranging from 4.2 to 16.3 per cent of the total air
in Kilns A to F. These losses could be eliminated by
hanging a tarpaulin on a track from the ceiling of the
kiln in a longitudinal plane. In Kiln J by coincidence
the loads at the time of measurement completely fitted
the kiln and there was no loss around the ends of the
loads.
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The trend toward higher circulated air volume rela-
tive to the volume of the kiln, i.e. the trend toward high-
er values of coefficient "P," resulted in improved vent
operation and faster drying even at the same index
setting.

The specific cooling area gives a basis for com-
paring the areas of the kiln structure through which
heat will be lost. It is not easy to compare this factor
because of the effectiveness of the various types of in-

sulation used in the walls of kilns.
A comparison of the circulated air volumes per

H.P. shows significant differences between various
kilns. It is felt that some of the older type kilns with low
circulating rates could be modernized by installing
modem fans and motors. The improved rate of air-
circulation should result in more uniform equilibrium
moisture content and shorter schedules, thus producing
a better product and reducing total drying costs.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

