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Optimization of the Temperature, Humidity and Air Velocity

Distribution in the Steam Dry Kiln (IV)
- Kiln-drying method for flat squares with pith -

Youichi ITO Atsushi NAKAJIMA Hisashi OHSAKI
Eiji UENO TakeshiNAGASAWA

For the purpose of optimizing conditions during high temperature drying including temperature,
humidity and air velocity distribution, of flat squares with pith of Todomatsu (4bies sachalinensis
Masters) wood, the specimens (114(T)x 255(W)x 3,650(L) mm) were dried in a kiln. Furthermore, the
effects of the variations in these conditions, and the extent of wetwood on the quality of the flat
squares were investigated. The following results were obtained:

1) The variation in air velocity among the measured points was controlled because the sticker under
the weight was thicker.

2) Temperature decline in the dry kiln was controlled to improve the stacking method.

3) Improvement of these conditions led to, on the whole, small surface check areas of specimens.
However, specimens that had large check areas were also observed. Therefore, improvement of
drying schedules is still necessary to improve the quality of flat squares with pith dried with high
temperature drying.

Key words: high-temperature drying, wetwood, moisture distribution, airflow, check
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Optimization of the Temperature, Humidity and Air Velocity Distribution in the Steam Dry Kiln (IV)
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Fig. 1. The package piling of specimens.
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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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Note) Cumulative frequency was used as the second vertical axis.
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Table 1. High temperature kiln-dry schedule.

oo uooo oooo oooo oooooo o
ooooo
Step  Dry bulb temperature  Wet bulb temperature Time Frequency of fan Process
ggag 0oog Oh0O OHzO
1 100 100 2 40 ooood Pre-steaming
2 96 96 14 40 00 Steaming
3 120 98 8 50 goo0O00 Rising temp. & Drying
4 105 85 20 40 00 Drying
5 95 75 2 40 OoOoO00 Dropping temp. & Drying
6 90 70 2 40 OoOoO00 Dropping temp. & Drying
7 80 60 48 40 OoOoO00 Dropping temp. & Drying
8 80 55 64 40 00 Drying
9 O 0 48 0 0o Cooling
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Table 2. Comparison of air velocity in the kiln between stacking positions.

0000000000 DO0A40Hz
Frequency of fan = 40Hz

. 000000 (mfs) oooo 000000 (mhs)
' Normal airflow ooon Subject of Reverse airflow oooo
Measured points 000 000 000 comparison 000 000 000
min. max. av. C.V. min. max. av. C.V.
0o 0o
Main airflow 4.4 5.5 5.0 0.11 Main aicflow &3 5.6 5.1 0.11
00 P4 29 32 31 0.05 P1 29 32 31 0.05
- Windward P 10 25 2.8 2.7 0.06 P7 2.8 3.1 3.0 0.05
oo P13 23 25 2.4 0.04 P13 2.3 2.6 25 0.06
Middle of 7th course
7th 00 P 1 2.4 25 25 0.02 P4 2.4 2.6 2.5 0.04
course Leeward P 23 2.4 2.4 0.02 P 10 2.4 2.6 2.5 0.04
oo PS5 3.1 3.4 33 0.05 P2 2.9 3.4 3.2 0.08
. Windward P11 3.0 3.4 3.2 0.06 P8 2.9 3,2 2.9 0.00
og P15 23 25 2.4 0.04 P15 2.4 2.6 25 0.04
Center
4th 00 P2 25 27 2.6 0.04 P’s 24 2.6 25 0.04
course Leeward P38 23 2.5 2.4 0.04 P11 2.1 2.4 23 0.07
oo P 6 3.0 33 32 0.05 P 3 30 34 32 0.06
. Windward P12 2.9 3.3 3.1 0.06 P9 3.0 33 3.2 0.05
. od P14 23 25 2.4 0.04 P 14 2.4 2.6 25 0.04
Middle of 1st course
1st 00 P 3 23 25 2.4 0.04 P 6 2.4 2.6 25 0.04
course Leeward P 2.0 2.3 2.2 0.07 P12 2.2 2.4 2.3 0.04
000000000000 S0Hz
Frequency of fan = 50Hz
—_ 000000 (mfs) oooo 000000 (mfs)
' Normal airflow ooon Subject of Reverse airflow oooo
Measured points 000 000 000 comparison 000 000 000
min. max. av. C.V. min. max. av. C.V.
0o 0o
Main airflow 5.6 6.7 6.2 0.09 Main anflow 573 6.5 6.0 0.08
oo P4 35 3.9 3.7 0.05 P 1 3.5 3.9 3.7 0.05
- Windward P 10 33 3.7 3.5 0.06 P 7 3.1 3.5 33 0.06
oo P13 27 2.9 2.8 0.04 P13 2.8 3.0 2.9 0.03
Middle of 7th course
7th 00 p 24 27 2.6 0.06 P4 27 29 28 0.04
course Leeward P 2.4 2.7 2.6 0.06 P 10 2.7 2.9 2.8 0.04
oo P’s 37 41 39 0.05 P2 35 3.9 3.7 0.05
- Windward P11 3.6 4.0 3.8 0.05 P8 3.2 3.6 3.4 0.06
oo P15 32 3.4 33 0.03 P15 33 3.5 3.4 0.03
Center
4th 00 P2 2.6 2.9 2.8 0.05 PS5 2.8 3.0 2.9 0.03
course Leeward P8 25 2.8 2.7 0.06 P11 2.6 2.8 2.7 0.04
oo P 6 3.8 43 4.1 0.06 P 3 3.7 42 4.0 0.06
. Windward P12 3.5 3.9 3.7 0.05 P 3.3 3.8 3.6 0.07
. od P14 3.0 3.2 3.1 0.03 P 14 3.0 3.2 3.1 0.03
Middle of 1st course
1st oo P 3 238 31 3.0 0.05 P 6 29 3.1 3.0 0.03
course Leeward P9 2.6 2.9 2.8 0.05 P12 2.8 3.0 2.9 0.03

oooooooooo2000000000000000000000000000000000000000O0O0O0O0DOOOOODOOOOO0
oooooro.5emi 0000000000000 OOOOOS88emO0O00000O%.5cm000000O070010000000030000000
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
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Optimization of the Temperature, Humidity and Air Velocity Distribution in the Steam Dry Kiln (IV)

oo oo oo oo obOOo
7th course 4th course R 1st course .00 .,00,
0o 0o 0o oo} oo oo idaiehviaae! oo
Windward | Leeward Windward | Leeward ! Windward 1 Leeward 1of 7th Tof Ist I Center
H H H |c0urse course
140 ! ! L i
i i = !
: ! : ! |
1 1 i i
120 p---- 2 5 .. ... B . o o m
| i iR Ry
i i !
100 b--v-poceceaen N 3 . B e R W TTT P cepebeg
HQH‘HEH!H C o A A S
| | | ] | | i
RSN T S N R S JO . S R P .
gm : : i
20 ! ! i
= N F T A S JE - S S S
| 60 : : H "
i *—o i .\‘ i .\.| ° i ° ®
ol Eei | o—@i ..L o, G 0%
i i '
i i ){—/‘9( | M
g0 foeem 2l LN e Xl XA X g
X FeeX e e
i i
0 o o o e o e v e i ol
P4 pio: P1 p7V p5s pi1; P2 P8l Pe P12! P3 P9l P13l P14 1| P15
ooo ' ooo VY poo Y ooo ) oooo ooo | !
Kiln Kiln Kiln Kiln Kiln Kiln
0«0 0«0 0«0 0«0 0«0 0«0
Front Back Front Back Front Back Front Back Front Back  Front Back
0300000000000000000000
Fig. 3. Profiles of temperature and humidity in the kiln under normal airflow.
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Legend) ® : 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 2.
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Fig. 4. Profiles of temperature and humidity in the kiln under reverse airflow.
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Legend) See Fig. 3.

Note) Plots in Fig. 4 were data obtained during step 3 in Table 2.
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Note) Cumulative frequency was used as the second vertical axis.
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Table 3. The extent of wetwood and the quality of specimens after kiln-drying .
FHOM  FEE AR BERIA K U B
BRIEF DAL kR EEES The number of specimens divided REHAEH  PEEER Angle of twists HEZ D Rt #1259 5% i
according to the extent of wetwood®
Av. (;;:;li!ial Av. ;;'éinal BL bFh BEE WLV Surface check area  Internal check area 1 2 Greatest deflection Greatest deflection
Measured course (%) (%) none slight middle hard (cm?/specimen) (cm?/specimen) 1st surface 2nd surface of bow of crook
(°/3.65m) (°/3.65m) (mm/3.65m) (mm/3.65m)
B TEH 46.1 143 3 [ 0 0 54 <0.1 1.9 1.8 1.0 0.3
7th course
Upper | 6 52.5 16.7 3 0 0 0 33.7 0.2 13 12 12 1.2
6th course
SBH 76.2 252 0 3 0 0 202 0.1 11 1.0 13 1.0
5th course
4B E 52.4 15.6 3 0 0 0 55.6 0.2 15 1.6 0.8 0.8
4th course
3gH 93.3 2.9 0 0 2 0 9.5 0.4 L1 0.4 0.8 15
3rd course
TE 2R 73.2 22.0 0 3 0 0 22.7 0.2 14 1.7 0.3 2.2
2nd course
LowerW 1g: g 55.1 16.1 3 0 0 0 25.4 0.2 22 25 1.8 0.8
e T T RS e e e i e e e e o e = e e B o o e o o 2 B e e e o o = o B e o ¢ S B B o S e B e
S E 62.7 19.2 EEE 33.9 0.18 15 1.5 1.1 1.1
av. JIN N I PR 2 0 av.
ap TabE 413 12.8 Subtotal LN 00 0.0 02 0.2 0.0 0.0
Jh‘;fe T K fit 94.1 28.9 A e K fit 127.8 0.5 43 43 3.0 4.0
e 16.8 5.2 F“’("o‘/‘:;“y 60 30 10 0 mmge 33.6 0.2 09 0.9 0.8 1.0
b 0.27 027 EBHEK 0.99 1.00 059 0.60 0.76 0.93

a0 0000000000400000000000000D0000O0DOOO
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.

oooooo? oooo ooooooooo gooogoo
Extent of wetwood” Measured points The time of moi'sture distribution — - MSD —
experiment
Surface  Second layer Third layer  Core av.”
oo 700 OO0OO 0 months after kiln-drying 10.5 15.6 19.2 20.6 14.3
none o0 7th course 2000 2 months after kiln-drying 10.9 14.5 16.7 17.6 13.8
Upper 4000 4 months after kiln-drying 12.0 14.1 15.9 16.5 13.7
oo 60 0 0000 0 months after kiln-drying 11.4 18.5 243 27.3 16.7
none 6th course 2000 2 months after kiln-drying 11.9 17.0 19.8 21.1 15.9
4000 4 months after kiln-drying 13.3 16.4 18.3 19.0 15.6
ooog 500 O0O0O0O 0 months after kiln-drying 15.5 32.0 334 33.6 252
slight 5th course 20 00 2 months after kiln-drying ~ 12.8 18.7 20.2 20.5 16.5
4000 4 months after kiln-drying 11.9 14.3 15.7 16.2 13.7
oo 400 OO00O0 0 months after kiln-drying 10.8 16.6 22.0 25.6 15.6
none 4th course 2000 2 months after kiln-drying 11.1 15.1 17.5 18.7 14.3
4000 4 months after kiln-drying 12.0 14.5 16.0 16.4 13.9
ooog 300 0000 O months after kiln-drying 15.0 30.7 39.7 452 22.9
middle 3rd course 2000 2 months after kiln-drying 14.8 22.2 26.2 28.3 19.2
4000 4 months after kiln-drying 14.7 19.3 21.7 22.6 18.0
ooog 200 OO0OO 0 months after kiln-drying 13.0 24.8 32.1 39.9 22.0
slight ondcourse 20 O O 2 months after kiln-drying ~ 13.1 18.8 21.9 243 17.4
4000 4 months after kiln-drying 13.5 16.8 18.6 19.1 15.9
oo Lower 100 0000 0 months after kiln-drying 11.3 17.3 21.3 23.0 16.1
none o0 Ist course 2000 2 months after kiln-drying 11.6 15.0 17.4 18.4 14.5
4000 4 months after kiln-drying 12.3 14.2 16.1 16.8 13.9
a0 03000
bO0OOODOOODOOOODODOOOOOoOooo

a) See Table 3.

b) Moisture content measured on the cross section of moisture distribution specimens.
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Fig. 8. Relation between the average MC soon after kiln-

drying and moisture distribution.
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