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Optimization of the Temperature, Humidity and Air Velocity

Distribution in the Steam Dry Kiln ( I )

- Packing condition for flat squares -

Youichi [TO Atsushi NAKAJIMA
Shin'ichi NAKAGAWA Teruaki HATA

Flat squares, 110(T)x 160(W)x 3,650(L)mm, of todomatsu (4bies sachalinensis Masters) wood
were dried in a kiln using high-temperature drying schedules. Temperature, humidity and air velocity in
the steam dry kiln were measured to evaluate temperature and humidity characteristics in kiln-drying.
The following results were obtained :

1) Longitudinal direction in the steam dry kiln: In the rear of the drying room, in the normal and
reverse airflows, the dry bulb temperature became high and the relative humidity became low.

2) Vertical direction in the steam dry kiln: In the 1st and 9th courses of the drying room, in the normal
and reverse airflows, the dry bulb temperature became higher than in the 16th and the relative humidity
became low.

3) Tangential direction in the steam dry kiln: In the normal and reverse airflows, the dry bulb
temperature in the windward direction became high and the relative humidity became low. The decrease
of dry bulb temperature from windward to the middle became larger than from the middle to leeward.

4) Air velocity: To make the tangential distribution constant, the stickers must be thick.

5) Moisture distribution: Even for flat squares in which the extent of wetwood was slight, the
moisture content of the core was about 30%. Therefore, the moisture distribution of kiln-dried flat
squares was comparatively high.

6) Check area: the extent of wetwood had more influence than air velocity.

Key words . high-temperature drying, humidity, airflow, check, wetwood
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Table 1. Size and stacking-method of todomatsu (Abies sachalinensis Masters) specimens.

go0000 (mm) gooooood gooooood ago
Size of specimens Spacing Pieces of lumber /Course Total
OO0OxOx 00 (mm) ood ood
OTx Wx LO

110 x 160 % 3,650 74 8 128

ooooooosoeembi0OdO0000160000000000000002.3cm
Note : Packing width : 180cm ; Total stacking course : 16 ; Packing width : 180cm ; Total stacking weight : 2 t ; Sticker

thickness : 2.3 cm.
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Fig. 1. The package piling of specimens.
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Table 2. High temperature kiln-dry schedule.
oooo oooo

oo gooo

Step D.B.T. WBT. Time P
H) @) (8)
1 100 100 2 gooog Pre-steaming
2 96 96 18 ogd Steaming
3 120 95 24 ooooo Rising temp. & Drying
4 105 80 45 00 Drying
5 97 97 2 oo Dropping temp.
6 80 76 48 DDDDDDD%% EEIDDD Equalizing & Conditioning
7 O O 48 oo Cooling
gboooooogoooooo
piz PP P10
P9 . P8 P11
Pl 4/ P12
“lps PISODDO
P2 p P ) gc}nster
~ P14
p3l gooo

6 Package piling
oooooooooo
Front
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Fig. 2. The place of temperature and humidity sensors.

Note : P13 was attached to the middle of upper level in the package piling ; P14 was attached to the middle of

lower level in the package piling.; P15 was attached to the center of package piling.
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Fig. 3. Place of the moisture distribution specimens.
Legend: Four specimens in moisture distribution experiment.
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Fig. 4. Specimens of moisture distribution experiment.
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Fig. 5. The division of specimens in moisture distribution
experiment.
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Table 3. The statistics among temperature and humidity in both normal and reverse airflow.

ooo 00120000 0o 120000
Measured D.B.T.1200 Normal oo oo D.B.T.1200 Reverse oo oo
N ooo ooo ooo 0o 0o ooo ooo ooo oo oo
points min. max. av. S.D. CV. min. max. av. S.D. CV.
oooo DBT. 0 102.0 108.9 105.9 22 0.02 112.2 116.3 114.3 1.3 0.01
Pl oooo W.BL.T. O 97.5 99.9 99.1 0.7 0.01 99.2 100.0 99.5 0.2 0.00
000 DB.T-WBLT. 0 44 94 6.8 1.6 0.24 12.8 16.8 14.8 1.2 0.08
oooo R.H. O0 72.6 86.4 79.0 4.5 0.06 55.3 65.6 59.4 2.6 0.04
oooo DBT. 0 107.2 112.9 109.9 1.8 0.02 116.7 121.0 118.8 1.3 0.01
P2 oooo W.B.T. 0 97.8 100.0 99.0 0.5 0.01 99.1 100.0 99.3 0.2 0.00
000 DBT-WB.T. 0 9.1 13.7 109 1.4 0.13 17.4 21.7 19.5 1.3 0.07
oooo R.H. 0 61.2 72.6 67.6 3.7 0.05 47.0 53.6 50.5 1.9 0.04
oooo DB.T. O 108.3 112.2 110.1 1.2 0.01 117.0 120.4 118.7 1.2 0.01
3 oooo W.BL.T. 0 98.4 100.0 99.6 0.5 0.00 99.5 100.0 99.8 0.2 0.00
000 DBT-WB.T. 0 9.6 12.2 10.6 0.8 0.08 17.0 204 18.9 1.2 0.06
oooo RH. 0 65.6 72.5 68.8 1.8 0.03 50.3 55.5 52.5 2.1 0.04
oooo DBT. 0 109.5 114.8 111.9 1.7 0.02 106.5 110.6 108.2 1.2 0.01
P4 oooo W.BL.T. 0 98.2 99.9 99.1 0.5 0.00 99.1 99.8 99.4 0.2 0.00
000 DB.T-WBLT. 0 11.2 155 12.8 1.4 0.11 74 11.3 8.8 1.1 0.13
oooo R.H. O0 57.2 67.9 63.6 3.4 0.05 65.5 77.9 72.9 3.1 0.04
oooo DBT. 0 115.1 120.6 117.0 1.5 0.01 109.3 113.5 110.5 1.1 0.01
Ps oooo W.B.T. 0 96.1 99.5 98.7 1.0 0.01 98.8 99.7 99.2 0.2 0.00
000 DBT-WB.T. 0 15.9 21.3 184 1.7 0.09 10.2 142 11.3 1.0 0.09
oooo R.H. 0 47.0 59.3 52.8 3.4 0.07 59.2 70.1 66.7 2.6 0.04
oooo DB.T. 0 114.7 121.0 117.1 1.9 0.02 110.3 114.3 111.8 1.0 0.01
6 oooo W.BL.T. 0 96.4 99.8 98.8 1.1 0.01 99.0 99.9 99.4 0.2 0.00
000 DBT-WB.T. 0 16.2 21.3 183 1.4 0.08 11.2 14.8 12.4 0.9 0.07
oooo RH. 0 48.6 574 53.2 2.7 0.05 61.2 67.9 65.0 2.0 0.03
oooo DBT. 0 108.4 114.9 111.6 2.1 0.02 117.7 121.3 119.5 1.2 0.01
Ps oooo W.BL.T. O 98.0 99.8 99.2 0.5 0.01 99.4 99.9 99.6 0.1 0.00
000 DB.T-WBLT. 0 10.1 153 124 1.7 0.14 18.0 21.7 19.9 1.2 0.06
oooo R.H. 0 59.2 70.1 65.1 3.6 0.06 48.5 53.8 50.9 2.0 0.04
oooo DBT. 0 112.8 116.7 114.6 1.2 0.01 118.2 122.1 120.2 1.2 0.01
P9 oooo W.B.T. 0 98.5 99.8 99.2 0.3 0.00 99.2 100.0 99.4 0.2 0.00
000 DBT-WBLT. O 14.2 174 15.3 1.0 0.07 18.7 22.6 20.8 1.2 0.06
oooo R.H. O 53.6 61.3 58.5 2.5 0.04 47.0 53.7 49.0 2.1 0.04
oooo DB.T. 0 115.1 121.1 117.5 1.6 0.01 105.4 110.9 107.1 1.4 0.01
P10 oooo W.BL.T. 0 97.0 99.3 98.6 0.7 0.01 98.7 99.4 98.9 0.2 0.00
000 DBT-WB.T. 0 16.3 21.9 18.9 1.7 0.09 6.7 11.9 8.1 1.3 0.16
oooo RH. 0 47.0 57.2 51.9 2.8 0.05 65.5 80.6 74.9 3.8 0.05
oooo DBT. 0 116.7 123.1 118.9 2.0 0.02 110.4 116.1 112.4 1.5 0.01
Pl oooo W.BL.T. O 96.3 100.0 98.8 1.2 0.01 98.9 99.8 99.4 0.3 0.00
000 DB.T-WBL.T. 0 17.6 233 20.1 1.5 0.08 11.5 16.5 13.0 1.3 0.10
oooo R.H. 0 457 53.8 49.9 2.4 0.05 57.4 67.7 63.7 2.7 0.04
oooo DBT. 0 117.5 123.5 119.7 1.7 0.01 114.1 118.6 116.1 1.2 0.01
P12 oooo W.B.T. 0 96.8 99.3 98.5 0.8 0.01 98.4 99.4 98.9 0.2 0.00
000 DBT-WBLT. O 18.9 242 21.2 1.5 0.07 15.5 19.6 17.2 1.1 0.06
oooo R.H. 0 42.7 51.8 48.0 2.6 0.05 50.2 59.1 54.9 2.0 0.04
oooo DB.T. 0 104.0 108.5 106.6 1.4 0.01 106.0 109.1 107.8 0.9 0.01
P13 oooo W.BL.T. 0 97.6 99.9 99.0 0.6 0.01 99.1 100.0 99.4 0.2 0.00
000 DBT-WB.T. 0 6.3 9.5 7.6 1.0 0.13 6.8 9.6 84 0.8 0.09
oooo RH. 0 70.1 80.6 76.3 32 0.04 70.1 77.8 74.0 1.8 0.02
oooo DBT. 0 108.7 112.5 110.5 1.3 0.01 113.3 116.6 114.9 1.0 0.01
- oooo W.BL.T. O 98.0 99.8 99.2 0.5 0.01 99.2 100.0 99.5 0.2 0.00
000 DB.T-WBL.T. 0 10.3 12.9 11.4 0.8 0.07 14.1 17.0 154 0.9 0.06
oooo R.H. 0 63.3 70.1 67.5 2.0 0.03 55.5 61.3 58.5 1.9 0.03
oooo DBT. 0 106.4 112.0 109.3 1.9 0.02 110.2 113.9 112.2 1.1 0.01
P15 oooo W.B.T. 0 97.5 99.8 99.0 0.6 0.01 99.3 99.9 99.6 0.2 0.00
000 DBT-WBLT. O 8.6 12.7 10.3 1.4 0.14 10.6 14.6 12.6 1.1 0.08
oooo R.H. O 63.3 75.1 69.9 3.4 0.05 59.2 70.2 64.8 2.8 0.04

0000000000000000D000000P7000000000000O0O000O0OOOOO0OOODOOOODOO
Note : Table 3 is the data for Step 3 in Table 2. ; The data for P7 is eliminated because of the unreliableness.
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Fig. 6. The characteristics of temperature and humidity in normal airflow.
Note : Fig. 6. is the data for Step 3 in Table 2.
Legend:m :D.B.T.; A : WB.T.; x :D.B.T.-W.B.T.; ® : Relative humidity
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Fig. 7. The characteristics of temperature and humidity in reverse airflow.
Note : Fig. 6. is the data for Step 3 in Table 2.

Legend :m :D.B.T.; A : WB.T.; x : D.B.T.-W.B.T.; ® : Relative humidity
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Table 4. The comparison of air velocity in the normal and reverse airflow.

00000 Qmis)

oooo 00000 Qms)

ooo Normal airflow 0000 Subject of Reverse airflow oooo
Measured points ooo Doo ooo comparison OO0 OO0 OO0
min. max. av. C.V. min. max. av. C.V.
0o P4 1.7 1.9 1.8 0.06 P1 1.3 1.6 1.5 0.10
Windward P10 2.4 3.4 2.9 0.17 P7 1.4 1.7 1.6 0.10
oo
oo The middle of P13 1.0 1.2 1.1 0.09 P13 1.0 1.2 1.1 0.09
16th 16th course
course -~ -~ -~ -~ -~ -~ -~ -~ - - -~ - - - - ——- - - —- - —~—-— - - — - — —— - ————— — — —— —
0o P1 1.8 2.0 1.9 0.05 P4 1.2 1.4 1.3 0.08
Leeward P7 1.0 1.4 1.2 0.17 P10 1.0 1.2 1.1 0.09
oo P5 3.8 4.1 4.0 0.04 P2 2.2 2.6 2.4 0.08
Windward P11 3.4 3.6 3.5 0.03 P8 2.5 2.8 2.7 0.06
oo
oo P15 1.2 1.5 1.4 0.11 P15 1.3 1.5 1.4 0.07
Center
%h - - - - - - - - =" - -"-"-"-"—-"—-"—-—"—-—"—-—"—-—"——————-———————— —— — — — — — — — —
course oo P2 1.0 1.2 1.1 0.09 P5 0.9 1.1 1.0 0.10
Leeward P8 0.9 1.1 1.0 0.10 P11 1.2 1.4 1.3 0.08
0o P6 3.7 4.0 3.9 0.04 P3 3.5 4.0 3.8 0.07
Windward P12 3.7 4.0 3.9 0.04 P9 3.8 4.2 4.0 0.05
oo
oo The middle of P14 2.0 2.2 2.1 0.05 P14 1.8 2.0 1.9 0.05
st 1st course
course — ~ — — ~ ~ — T T - T T - - T T — o~ - - T T - T T T T T T T
oo P3 1.1 1.4 1.3 0.12 P6 1.5 1.9 1.7 0.12
Leeward P9 1.1 1.3 1.2 0.08 P12 1.4 1.7 1.6 0.10
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Table 5. Moisture distribution and check area of kiln-dried sawn flat squares.

ooo 0OoOOogo oogo gooooo oooo oooo
Specimen od Measured M.c.O000 (cm?/ 0) (ecm?/0)
Extentof pomnts OO0 20 30 000 000 No.1O400O0O Surface check area Honeycomb area
wetwood Surface Slecond }hlrd Core av. Averageof No.14 (cm?specimen) (cm*/specimen)
ayer  layer
No.1 185 551 76.0 504 405
ooo No.2 156 328 412 435 260
1 © 292 457 0.12

Middle No.3 13.9 284 433 529 242
No.4 131 296 513 813 26.1

No.1 10,0 17.8 244 27.1 15.3
ooog No.2 9.9 19.1  29.0 323 165

2 16.6 15.4 0.03
Slight No.3 11.9 209 289 313 18.0

No.4 10.3 194 28.0 304 16.6

No.1 132 373 408 569 264
ooo No.2 153 371 621 70.1 31.1
3 Middle No.3 144 298 442 458 249 24.3 373 0.18

No.4 100 16,6 238 329 148

No.1 9.5 159 214 240 138

ooog No.2 10.7 181 251 292 158
Slight No.3 11.0 20.7 285 33.1 17.5
No.4 8.4 143 212 246 12.7

15.0 13 0.06

00000000000 00o0o00oo0ooo0o0ooooooooom
Note: The extent of the wetwood was divided into the following classes (Hard, Middle, Slight).

oogoooboooboobooboooooon
Table 6. Check area and the extent of wetwood in kiln-dried sawn flat squares.
ooooooooo

oooo gooood
(00) (cm¥ 0) The number of specimens divided
Measured course Surface check area according to the extent of wetwood
O Course (cm?/specimen) noon oo ood
P Slight Middle Hard

16 52.6 2 2 4

15 45.7 4 2 2

14 58.3 3 5 0

13 42.6 3 5 0

12 37.3 5 3 0

11 10.7 6 2 0

10 31.5 4 4 0

9 37.2 5 2 1

8 34.8 5 0 3

7 29.8 6 2 0

6 26.6 6 2 0

5 433 4 3 1

4 43.0 4 4 0

3 44.6 3 5 0

2 34.0 3 3 2

. L X - R

ooo av. 38.2
oo ooo min. 0.2
The ooog max. 120.6
whole oooo S.D. 25.9
ooog C.V. 0.68

gogosooo
Note : See Fig. 5.
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