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Optimization of the Temperature, Humidity and Air Velocity

Distribution in the Steam Dry Kiln (V)
- Test for practical application of flat squares with pith -

Youichi ITO Atsushi NAKAJIMA Hisashi OHSAKI
Eiji UENO Takeshi NAGASAWA

Flat squares with pith, 114 (T)x 255 (W)x 3,650 (L)mm, of Todomatsu (Abies sachalinensis
Masters) wood were dried in akiln using high temperature drying schedules. The air velocity in the dry
kiln, temperature and humidity of the kiln were measured. Uneven drying was evaluated and the effects
of uneven drying and wetwood on characteristics of the flat squares were investigated. The following
results were obtained:

1) By carrying out proper package piling of specimens, there was near uniformity of the air velocity
and temperature distribution inside the dry kiln, because the differencein air velocity of the upper
course, the middle course and the lower course was small.

2) Surface check area: When the extent of wetwood was middle or less, the surface check area per
specimen was 22.0cm? or less; therefore it was small without hindrance to the practical use.

3) Honeycomb area: The honeycomb area per specimen was 0.1cm? or less; therefore, it was small
without hindrance to use.

4) Moisture content (MC) after kiln-drying: When the extent of wetwood was middle or less, the MC
standard as the structural lumber for architecture could be met.
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Fig. 1. The package piling of specimens.
P13 P14 P15

Note) P13 and P14 were attached to the middle of the upper and the lower level in the package piling, respectively.
P15 was attached to the center of the package piling.
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Fig. 2. Distribution of initial moisture content (MC) in specimens.
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Table 1. High temperature kiln-dry schedule.
Step  Dry bulb temperature  Wet bulb temperature Time Frequency of fan Process
h Hz
1 100 100 2 40 Pre-steaming
2 % % 14 40 Steaming
3 120 9B 4 50 Rising temp. & Drying
4 105 85 24 50 Drying
5 95 75 2 40 Dropping temp. & Drying
6 0 70 2 40 Dropping temp. & Drying
7 80 60 2 40 Dropping temp. & Drying
8 80 55 84 40 Drying
9 48 Cooling
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Table 2. Comparison of air velocity in the kiln between stacking positions.
40Hz
Frequency of fan = 40Hz
(m/s) (m/s)
. Normal airflow Subject of Reverse airflow
M easured points comparison
min. max. av. CV. min. max. av. CV.
Main airflow 5.0 5.6 53 0.06 Main sirflow 5.0 55 53 0.05
P4 31 34 33 0.05 P1 2.7 3.0 29 0.05
Windward P 10 2.6 29 2.8 0.05 P7 2.8 31 3.0 0.05
Middle of 7th course P13 23 25 24 0.4 P13 23 2.6 25 0.06
7th P1 2.4 26 25 0.04 P4 2.4 26 25 0.04
course Leeward P7 2.2 24 2.3 0.04 P 10 24 2.7 2.6 0.06
P5 31 34 33 0.05 P2 3.0 35 33 0.08
Windward P11 31 3.4 33 0.05 P8 29 3.2 31 0.05
P 15 2.3 25 24 0.04 P 15 2.4 2.6 25 0.04
Center
4th P2 2.4 26 25 0.04 P5 2.4 26 25 0.04
course Leeward P8 2.3 25 24 0.04 P11 24 2.7 2.6 0.06
P6 3.0 33 32 0.05 P3 3.0 34 32 0.06
Windward P 12 29 3.3 31 0.06 P9 3.0 3.3 32 0.05
Middieof 1st course P14 2.3 25 24 0.04 P 14 2.4 2.6 25 0.04
1st P3 2.3 25 24 0.04 P6 2.4 26 25 0.04
course Leeward P9 2.3 25 24 0.4 P12 25 2.8 2.7 0.06
50Hz
Frequency of fan = 50Hz
(m/s) (m/s)
. Normal airflow Subject of Reverse airflow
M easured points comparison
min. max. av. CV. min. max. av. CV.
Main airflow 6.1 7.0 6.6 0.07 Main airflow 6.2 71 6.7 0.07
P4 35 39 37 0.05 P1 33 37 35 0.06
Windward P 10 3.3 3.6 35 0.04 P7 35 39 37 0.05
Middle of 7th course P 13 2.7 29 28 0.04 P13 2.8 3.0 29 0.03
Tth P1 24 2.7 2.6 0.06 P4 2.7 29 28 0.04
course Leeward P7 24 2.7 2.6 0.06 P 10 2.7 2.9 2.8 0.04
P5 37 41 39 0.05 P2 33 3.6 35 0.04
Windward P11 3.6 40 3.8 0.05 P8 35 3.9 37 0.05
P 15 3.0 32 31 0.03 P 15 33 35 34 0.03
Center
4th P2 2.6 29 28 0.05 P5 2.8 3.0 29 0.03
course Leeward P8 24 2.7 2.6 0.06 P11 2.9 31 3.0 0.03
P6 39 42 41 0.04 P3 33 38 36 0.07
Windward P 12 35 3.9 37 0.05 P9 35 40 3.8 0.07
Middle of 1st course P14 3.0 3.2 31 0.03 P 14 3.0 3.2 31 0.03
1st P3 2.7 3.0 29 0.05 P6 29 3.2 31 0.05
course Leeward P9 2.6 29 2.8 0.05 P12 31 33 3.2 0.03
2
10.5cm 58.8cm 90.5cm 7 1 3

3.0cm

Note) The measured values were rounded to one decimal places. The main airflow was measured for the air velocity before the airflow blew against the
sidewall of the drying room. Distance from package piling to stacking weight: 10.5cm, Distance from package piling to sidewall of drying room: 58.8cm,
Packing width: 90.5cm, Total stacking course: 7, Pieces of lumber/Course: 3, Sticker thickness: 3.0 cm

20 2
11



Optimization of the Temperature, Humidity and Air Velocity Distribution in the Steam Dry Kiln (V)

7th course 4th course i 1st course i i
i ! IMiddie{Middee |
Windward : Leeward | Windward : Leeward ; Windward ;: Leeward ;of 7th ;of 1st . Center
140 1 I irnursp course |
! | L
i i i i
...... B——u.. . .l . . BA o imiom -
120 g 1| [ o LB | | L
H | I |
! i i i
100 [ R N e R St G e N s TR Ste W Rl A R i N 100
; i i i
! i ! i
IS 8O frrereere e e S booeee- dreeee AR 80
5 i i i
o i ! i
& B0 [rrrrrrrrrreedeegge e RRIIEEE LI heveereaenes I SRR RRRTLEE 60
i i i
2 .\. g, .\. i e o
*—o o—© i O—g i @ i
Ty T ey EECCEEREEELLY RERLLCIETRELES IRECCERRERRRLY ARERLEEEEERAE RRRRLLELEREED Broceeseeneeed RRELELLES 40
i i i
i i i
_____ b SN W0 wver o RENIIION B0 eer o SO S D-GN I NS
i i i
i i i
0 ' ' ! ' ! ! 0
P4 PlOi P1 P7: P5 Plli P2 P8: P6 P12i P3 P9 : P13I P14 : P15
Kiln Kiln Kiln Kiln Kiln Kiln
R d R o R d R d R d R d
Front Back Front Back Front Back Front Back Front Back Front Back
3
u A X L[]
1 3
Fig. 3. Profiles of temperature and humidity in the kiln under normal airflow.
Legend) m : Dry bulb temperature (DBT), a: Wet bulb temperature (WBT), x : DBT-WBT, e : Relative humidity
Note) Plots in Fig. 3 were data obtained during step 3 in Table 1.
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Fig. 4. Profiles of temperature and humidity in the kiln under reverse airflow.
Legend) SeeFig. 3.
Note) Plotsin Fig. 4 were data obtained during step 3 in Table 1.
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Fig. 5. Distribution of final MC in specimens.
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Table 3. The extent of wetwood and the quality of specimens after kiln-drying.

The number of specimens divided Angle of twists
according to the extent of wetwood?

Av.ofinitia  Av. of final Surface check area Internal check area 1 2 Greatest Greatest deflection

MC MC
Measured course none slight middle hard (cm2/spec|men) (cm2/spec|men) istsurface  2nd surface deflection of bow of crook
°/3.65m °/3.65m (mm/3.65m) (mm/3.65m)
7 45.2 16.4 0 3 0 0 136 0.1 0.9 0.8 18 0.8
th course
Upper 6 42.8 152 3 0 0 0 14.6 0.1 14 0.8 25 0.8
6th course
5 49.1 17.2 0 3 0 0 136 <0.1 12 0.8 13 10
Sth course
4 46.7 18.0 0 3 0 0 101 <0.1 10 11 18 0.8
4th course
3 47.5 181 0 2 0 0 14.2 <0.1 0.7 15 0.0 0.5
3rd course
2 59.6 22.7 0 0 3 0 220 0.1 0.4 0.9 13 0.3
2nd course
Lower 1 53.5 19.3 0 3 0 0 21.2 0.1 0.7 0.9 13 0.7
istcourse _ J _ J i
av 493 18.1 av 16.6 0.05 09 0.9 15 0.7
Subtotal 3 “ 8 0
38.8 14.4 . a7 0.0 01 0.2 0.0 0.0
min. min.
The
61.4 26.0 285 0.1 24 18 35 20
whole max. max.
Frequency 15 70 15 0
sD 6.7 3.0 sD. 6.3 0.0 0.6 0.5 09 0.6
cV. 0.14 0.16 cv. 0.38 0.77 0.70 0.51 0.61 0.89
a 4

a The extent of the wetwood was divided into the following classes: none, slight, middle, hard.
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Table 4. Moisture distribution of kiln-dried sawn flat squares.

Optimization of the Temperature, Humidity and Air Velocity Distribution in the Steam Dry Kiln (V)

%

MC
Extent of wetwood? Measured points  The time of moisture distribution experiment 2 3 2l
Surface  Secondlayer  Third layer Core a.?
A 0 months after kiln-drying 9.8 185 235 26.1 16.2
dight ’ 2 months after kiln-drying 10.4 16.6 18.6 20.0 15.0
7th course
Upper 4 4 months after kiln-drying 12.1 15.9 17.0 18.0 14.6
0 months after kiln-drying 9.5 17.4 225 24.9 155
none 6 2 2 months after kiln-drying 10.1 15.3 18.2 19.4 14.4
6th course . )
4 months after kiln-drying 11.9 14.5 16.8 17.6 14.0
0 months after kiln-drying 109 19.9 24.6 27.3 17.4
. 5 . )
sight 5th course 2 months after kiln-drying 11.2 17.3 20.4 21.2 15.8
4 months after kiln-drying 12.1 16.4 19.0 19.2 15.2
0 months after kiln-drying 10.6 20.6 271 31.0 18.2
. 4 . .
slight 4th course 2 2 months after kiln-drying 11.0 17.3 21.6 24.1 16.2
4 months after kiln-drying 12.3 16.2 19.8 217 15.6
0 months after kiln-drying 10.4 18.6 24.4 314 17.0
slight 3 2 2 months after kiln-drying 10.8 15.5 19.1 21.6 14.9
3rd course
4 months after kiln-drying 121 14.5 17.3 18.3 14.2
0 months after kiln-drying 127 26.3 34.6 40.2 229
middle 2 2 2 months after kiln-drying 12.6 193 253 31.6 18.3
2nd course
4 months after kiln-drying 12.6 17.0 22.2 28.7 16.8
Lower 0 months after kiln-drying 125 231 28.9 321 20.2
. 1 . .
dight 1t course 2 months after kiln-drying 12.3 16.6 19.8 21.4 15.7
v 4 4 months after kiln-drying 12.3 14.4 16.8 17.8 14.2
a 3
b
a SeeTable3.
b Moisture content measured on the cross section of moisture distribution specimens.
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