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Optimization of the Temperature, Humidity and Air Velocity

Distribution in the Steam Dry Kiln (III)
-Stacking-method for 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 (4bies sachalinensis Masters)
wood were dried in a kiln using high temperature drying schedules. The air velocity in the kiln,
temperature and humidity of the drying kiln were measured. So uneven drying was evaluated, the
effects of uneven drying and wetwood on characteristics of the flat squares were investigated. The
following results were obtained:

1) Coefficient of variation(C.V.) of air velocity: There was a marked change under 0.10 with constant
blowing in the kiln.

2) Temperature decline to the setting: With the airflow on normal and reverse, the temperature decline
of the upper leeward side was increased. Improving the stacking method was required for
homogenized distribution.

3) Surface check area and internal check area: Compared with sawn squares, regardless of the extent
of wetwood, it is likely that the surface check and internal check were large. Large check areas of

the flat squares showed the need for improving kiln-drying schedules.

Key words: high-temperature drying, wetwood, moisture distribution, airflow, check
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Table 1. Size and stacking-method for Todomatsu (4bies sachalinensis Masters) specimens.
SRS FEFE IR E D F1] ] b 1BH7=0 R A

Size of specimens Spacing Pieces of lumber /Course Total
(JExE* k) (cm) () ()
(TXWxL)

(mm)
114%x255%3,650 7 3 24

TE) HAEZE 0 90.5cm, ARFEABEK - 8 By, HEER : K95.2 b, HORE 1 3.0em, BRI 2> b ELBE R £ T OB : 58.8cm
Note) Packing width: 90.5cm; Total stacking course: 8; Total stacking weights: 5.2 t; Sticker thickness: 3.0 cm; Distance from package piling

to sidewall of drying room: 58.8cm

(a) 1EM

Front view

(b)

Side view

FI1R HEBEMOKREHA
Fig. 1. The package piling of specimens.
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Fig. 2. Distribution of initial Moisture content (MC) in specimens.
Note) Cumulative frequency was used second vertical axis.
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Table 2. High temperature kiln-drying schedule.
. S e e 7 o0
T T
Step D.B.T. W.B.T. Time Frequency of fan Process
(C) (C) (h) (Hz)
1 100 100 2 40 IR PaE s Pre-steaming
2 96 96 20 40 HH Steaming
3 120 70 48 50 HiR - ik Rising temp. & Drying
4 105 65 48 40 R Drying
5 90 86 24 40 A3—F74Y7 . Equalizing & Conditioning
avrF4va=ry
6 — — 48 — JizEs) Cooling
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Fig. 3. The division of specimens in the moisture distribution experiment.
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Table 3. The comparison of air velocity in the airflow on normal and reverse.

TBER 7 7 > Olln)Hf £ =40Hz
Frequency of fan =40Hz

e JEGH (IEEE.) (m/s) T B SoE JEGEH (ﬁ%) (m/s) e
Normal airflow Reverse airflow
. Subject of
Measured points SUME BRI THIE v | comparison BUME KM P oy
min. max. av. min. max. av
FiE Fik
Main airflow 4.0 44 4.2 0.05 Main airflow 4.1 4.4 43 0.04
& P 4 34 3.7 3.6 0.04 P 1 3.1 34 33 0.05
B Windward P 10 2.3 2.5 2.4 0.04 P 7 2.7 3.0 2.9 0.05
A
sth Middle of 8th course P 13 2.0 2.2 2.1 0.05 P 13 2.5 2.7 2.6 0.04
course JR T P 1 2.4 2.6 2.5 0.04 P 4 2.5 2.7 2.6 0.04
Leeward P 7 2.5 2.7 2.6 0.04 P 10 2.5 2.7 2.6 0.04
Ja\ - P 5 33 3.5 34 0.03 P 2 3.0 33 3.2 0.05
B Windward P 11 33 3.6 3.5 0.04 P 8 2.8 3.1 3.0 0.05
s P 15 1.9 2.1 2.0 0.05 P 15 2.4 2.6 2.5 0.04
4th Center
course JA T P 3.1 33 32 0.03 P 5 2.6 2.8 2.7 0.04
Leeward P 8 2.3 2.5 2.4 0.04 P 11 2.3 2.5 2.4 0.04
Ja P 6 3.5 3.8 3.7 0.04 P 3 3.0 33 3.2 0.05
TR Windward P 12 3.0 33 32 0.05 P 2.9 33 3.1 0.06
TR P14 18 20 1.9 0.05 P14 22 24 23 0.04
1st Middle of 1st course
course AT P 3 2.7 2.9 2.8 0.04 P 6 2.6 2.8 2.7 0.04
Leeward P 9 2.3 2.5 2.4 0.04 P 12 2.3 2.5 2.4 0.04
PEER 7 7 v DalisE % =50Hz
Frequency of fan = 50Hz
—_— JEGE (Eié) (m/s) — g4 JEGE (ﬁ%) (m/s) SRR
Normal airflow Reverse airflow
. Subject of
Measured points BME BRIE P oy | comparson BOMIE BOKHE A oy
min. max. av. min. max. av.
it Fii
Main airflow 53 6.4 5.9 0.09 Main airflow 53 6.2 5.8 0.08
J& - P 4 4.2 4.6 4.4 0.05 P 1 3.9 43 4.1 0.05
[SE Windward P 10 3.0 33 3.2 0.05 P 7 3.8 4.1 4.0 0.04
. R P 13 3.2 34 33 0.03 P 13 3.8 42 4.0 0.05
8th Middle of 8th course
course JR T P 1 33 3.6 3.5 0.04 P 4 2.8 3.0 2.9 0.03
Leeward P 7 3.0 3.2 3.1 0.03 P 10 3.1 33 3.2 0.03
Ja P 5 5.0 53 5.2 0.03 P 2 4.0 4.4 42 0.05
Eal= Windward P 11 4.0 4.6 4.3 0.07 P 8 3.7 4.2 4.0 0.06
b P 15 33 3.6 3.5 0.04 P 15 3.6 3.8 3.7 0.03
4th Center
course JR T P 3.6 3.9 3.8 0.04 P 5 3.2 3.5 34 0.04
Leeward P 8 34 3.6 3.5 0.03 P 11 2.9 3.1 3.0 0.03
& - P 6 4.7 5.0 4.9 0.03 P 3 4.2 4.6 4.4 0.05
TEE Windward P 12 4.6 5.0 4.8 0.04 P 3.8 4.2 4.0 0.05
. R P 14 34 3.6 3.5 0.03 P 14 3.7 3.9 3.8 0.03
1st Middle of 1st course
course JE T P 3 3.8 4.0 3.9 0.03 P 6 3.2 3.5 34 0.04
Leeward P 9 2.9 3.1 3.0 0.03 P 12 33 3.7 3.5 0.06

) BEMIEAEEH 2 ML AT RA L, ERIE, 77 bk BAS R ERER (2 Y 72 2 il 0 B3R 2 & Uiz, AR D ks
BET & COMEMHE : 58.8cm, ARFEAE : 90.5cm, HEIABIE 8 B, 1 BtbhH7mv OAK 13K, AR :3.0cm
Note) The measured values were rounded to two 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 sidewall of drying room: 58.8cm; Packing width: 90.5cm; Total stacking course: 8; Pieces of lumber/Course: 3;
Sticker thickness: 3.0 cm
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Table 4. The statistics for temperature and humidity in both normal and reverse airflows.

e WK 120°C I i UL FLAR120°C 3 YT

l\fgfsﬁr*;d D.B.T.120°C Normal W EH D.B.T.120°C Reverse {3 (%%
points N i N a2 AME RO S E

min. max. av. sD.” CcVv?2 min. max. av. S.D. C.V.

L DBT. T 1121 1172 1148 16 001 117.7 1205 1193 07 001

b, BB W.B.T. © 71.8 734 726 03 >0.01 71.8 73.8 725 04 001

W%  DBT-W.BT. C 39.5 452 422 18 0.04 453 484 467 07 0.02

1A 1 R.H. % 172 214 192 13 007 15.0 17.4 163 0.5  0.03

L DBT. C 1125 1182 1153 16 001 1155 1184 1168 08 001

p o BB W.B.T. © 727 73.8 733 03 >0.01 72.5 74.5 73.0 04 001

W%  DBT-W.BT. C 39.1 452 420 1.8  0.04 424 453 438 0.6 001

1A b 1 R.H. % 17.4 217 194 13 007 17.4 19.1 182 05  0.03

W B L DBT. ©c 1107 1165 1131 15 0.0l 117.4 1209 1198 06 001

b 3 WEKEE W.B.T. C 73.9 74.9 743 02 >0.01 73.6 753 742 03 0.00

% DBT-WBT. C 36.5 424 388 1.4 0.04 427 46.6 455 0.6  0.01

A} 1 R.H. % 18.9 244 219 12 0.05 16.5 19.8 174 0.6  0.03

W BRI DB.T. C 1195  123.0 1208 09  0.01 1103 1164 1115 08 0.0l

b4 WEKEE W.B.T. C 72.3 74.1 733 03 >0.01 72.2 75.2 729 0.5 0.01

% DBT-WBT. C 45.9 502 475 1.0 0.02 374 419 38.6 0.8  0.02

AR 1 R.H. % 14.0 17.1 160 07  0.04 19.8 233 217 0.6 003

;B iR DB.T. C 1194 1226 1208 08  0.01 1108 1156  112.0 0.7 0.0l

p 5 LBKIERE W.B.T. C 73.2 744 738 03 >0.01 72.3 75.8 729 0.6  0.01

W%  DBT.-WBT. C 456 490 470 1.0  0.02 374 40.1 39.0 0.5 0.01

b R.H. % 15.2 17.6 165 05 0.03 204 238 2155 0.5 0.02

;B i DB.T. © 1195 1231 1210 09 0.0l 1133 1173 1143 0.6 0.0l

p o KR W.B.T. e 72.2 73.5 73.0 03 >0.01 72.1 74.2 72.6 04  0.01

W%  DBT.-WBT. C 46.4 503 480 1.0 0.02 40.8 43.6 418 0.6 0.0l

A b R.H. % 14.5 17.0 158 05  0.03 18.4 207 19.4 0.6 0.03

B i DBT. ©  113.0 1161 1146 07 0.0l 1175 1221 1199 09 0.0l

b g I W.B.T. 0% 71.6 744 731 07 0.0l 71.8 74.7 734 0.7 0.01

EJE%  DBT-W.BT. C 386 43.6 415 1.0 0.02 428 487 466 1.3 0.03

KA b 15 g R.H. % 17.8 217 19.7 09  0.04 15.0 19.2 16.7 09  0.05

o B L DBT. C 1131 1182 1157 14 0.0l 1192 1232 1212 08 001

p g BB W.B.T. © 70.2 74.2 723 07 0.0l 710 745 728 0.7 0.01

% DBT-W.BT. C 39.1 46.4 433 1.8 0.04 45.8 509 484 1.1 0.02

A kb i g R.H. % 158 217 183 13 0.07 14.0 17.9 156 0.8  0.05

o B L DBT. © 1144 1204 1173 15 0.01 1202 1249 1228 1.0 001

b o BB W.B.T. © 72.1 76.2 743 09 0.0l 72.1 76.3 739 1.0 001

W%  DBT-W.BT. C 39.3 483 430 2.0  0.05 46.2 528 489 1.6  0.03

A 3 R.H. % 15.5 222 19.0 1.5 0.08 13.1 17.1 154 1.0 0.06

B R DBT. ©c 1188 1230 1206 1.0 0.0l 1145 1187 1162 1.0 001

b 1o BB W.B.T. © 727 76.3 745 08 0.0l 72.1 76.0 738 0.8 001

W%  DBT-W.BT. C 436 495 46.1 15 0.03 400 463 424 13 0.03

A b 1 g R.H. % 14.7 18.8 172 1.0 0.06 16.1 21.5 192 1.0  0.05

W B L DBT. ‘c 1208 1253 1229 09 0.0l 1157 1196 1177 08 001

by BB W.B.T. C 72.2 754 739 07 0.0l 72.0 75.7 73.6 0.9 0.0l

s DBT.-WBT. C 46.2 524 490 1.4 0.03 41.6 474 441 1.4 0.03

KA b 15 R.H. % 13.1 17.3 155 0.9  0.06 16.0  20.1 182 1.1  0.06

W B IR I DB.T. C 1212 1258 1230 09 0.1 1174 1216 1190 1.0 0.1

b 1o BB W .B.T. C 71.6 76.1 737 0.8 0.0l 72.2 76.3 743 09  0.01

s DBT.-WBT. C 46.2 542 493 14 0.03 423 48.1 447 15 0.03

KA b 15 e R.H. % 12.7 17.6 153 0.9  0.06 15.5 20.1 179 1.2 0.07

BRI DBT. C 1147 1208 1175 14 0.1 1128 117.1 1148 1.0 0.1

p 13 TEEKIERE W.B.T. C 74.1 77.7 75.6 0.8 0.0l 727 775 748 09  0.01

W DBT-WBT. C 37.9 467 419 1.8 0.04 37.2 444 400 1.4 0.04

HA b i R.H. % 16.5 235 201 1.5 0.07 18.0 244 213 13 0.06

W BRI DB.T. © 1174 1236 1202 13 001 1171 1217 1194 08 0.0l

b 14 TEEREE W.B.T. C 72.3 75.9 741 0.8 0.0l 72.6 758 741 08  0.01

W= DBT.-WBT. C 43.1 513 46.0 1.8  0.04 422 49.1 453 13 0.03

H ] 1 R.H. % 13.6 19.2 17.1 1.1 0.07 15.2 19.8 175 0.9  0.05

B L DBT. © 1181 1225 1201 1.1 0.1 1132 117.9 1149 08 0.01

b 15 K W.B.T. © 74.1 75.3 747 03 >0.01 732 75.6 741 04 001

EJE%  DBT.-W.BT. C 433 484 454 12 0.03 389 429 408 09 0.2

bR 1 R.H. % 15.5 19.1 17.7 0.8  0.04 18.9 220 205 0.8  0.04

E) HARE, H2ROBEIICBITLT—4
1)« BEHRZE, 2) ZERiK

Note) Table 4 shows the data for Step 3 in Table 2.
1): Standard deviation; 2): Coefficient of variation
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Fig. 4. The characteristics of temperature and humidity in normal airflow.

Note) Fig. 4 shows the data for Step 3 in Table 2.
Legend) M: D.B.T.; A: W.B.T.; X: D.B.T.-W.B.T.; @: Relative humidity
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Fig. 5. The characteristics of temperature and humidity in reverse airflow.

Note) Fig. 5 shows the data for Step 3 in Table 2.
Legend) HM: D.B.T.; A: W.B.T.; X: D.B.T.-W.B.T.; @: Relative humidity

(MERBR® 5188 H35)
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Fig. 6. Distribution of final MC in specimens.
Note) Cumulative frequency was used second vertical axis.
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Fig. 7. Relation between initial MC and final MC.
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(J. Hokkaido For. Prod. Res. Inst. Vol.18, No.3, 2004)
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Fig. 8. Relation between initial weight and final MC.
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Table 5. The extent of wetwood and the quality after kiln-drying in specimens.

R IREEE N ORI EE IS K OV 53 Af O5d 1EAL (B3%H)

Ak O I/i’zg)Jjj?i Vi’;@f AR OFREE A T RUhAE ‘I’—liﬂ;ﬁiﬁfﬁ H’;ﬁﬁﬁn\ v
B = The number of specimens divided Angle of twists S S
av. of initial ~ av. of final R e Surface Internal | B av. of greatest  av. of greatest
Measured cours MC MC L b RE ELw check area check area & L deflection of  deflection of
casured course (%) (%) None  Slight Middle Hard 1st surface 2nd surface bow crook
(cm?/specimen)  (cm?/specimen) (°/3.65m) (%/3.65m) (mm/3.65m) (mm/3.65m)
SEE
4 CE 64.5 14.5 0 3 0 0 4.5 1.3 1.5 2.7 3.7 0.8
R 8th course
U TR
S 47.2 10.2 30 0 o0 37.9 1.6 23 26 1.2 05
th course
6B H
6 50.6 10.8 3 0 0 0 39.0 1.4 2.5 2.7 0.8 0.5
th course
SBrH
5th cours 59.1 12.0 0 3 0 0 48.9 1.3 2.0 1.1 0.3 0.3
th course
4EEH
4 50.5 9.4 2 0 0 0 78.3 1.5 1.5 1.9 2.5 1.0
th course
3BEH
5 51.1 10.8 3 0 0 0 61.3 1.8 1.8 2.1 1.0 1.0
rd course
2BH
L - 4.5 9.5 3 0 0 0 24.4 1.3 2.4 2.3 1.3 1.8
ower | 2ndcourse
o ¥ g
T . HH 65.0 11.1 0 3 0 0 61.1 1.4 2.1 1.7 2.5 0.8
st course
TR 54.0 mp MRy 9 g o THE 479 15 2.0 2.1 1.6 0.8
av. Subtotal av.
BB 50 8.1 , Rt 0.4 02 03 0.4 0.0 0.0
min. BB min.
Th ; F -
i e SN 78.8 165 requency  60.9  39.1 0.0 0.0 FE PN 109.7 24 32 54 45 25
ole max. (%) max.
TR TR
D 9.3 1.8 <D 27.0 0.6 0.7 1.1 1.4 0.6
R 017 o6 EIERC 056 038 035 0.49 085 0.75
) KEVWOREE, KO4BEBICHELE L, bFh, PRE, WL,
Note) The extent of the wetwood was divided into the following classes: none, slight, middle, hard.
e = ¢ N o =
Fok AIRBROKSMEMEBNEE
Table 6. Moisture distribution and check area of kiln-dried sawn flat squares.
KBV ORLSE BUENL aRE (%) PR AR R EH I
MC Internal check area  Surface check area
Extent of wetwood Measured points KB 28 3 L T SO (cm?/specimen) (cm?/specimen)
Surface  Second layer Third layer  Core av. Average of each course
P A 8 9.3 13.2 15.8 17.7 12.3
slight LB | gth :omse 9.5 16.6 25.7 31.4 16.2 14.0 1.3 42.5
Upper 9.3 14.1 18.8 21.8 13.4
L 3 8.9 10.9 13.6 16.2 10.9
TBH
none 7th course 8.2 9.1 9.9 10.0 8.9 9.9 1.6 37.9
8.6 10.0 11.4 12.6 9.8
L 9.0 11.6 14.0 15.1 11.1
6B H
none 6th course 58 11.2 13.8 15.7 10.9 10.3 1.4 39.0
8.2 9.2 9.7 9.9 8.9
HFn B 9.6 12.9 17.0 20.3 12.7
. SEH
slight 5th course 8.7 10.8 13.1 13.4 10.5 1.7 1.3 48.9
9.4 12.6 15.0 14.7 11.8
L 4Bt H 8.8 8.8 9.3 9.3 8.9
9.1 1.5 78.3
none 4th course g9 9.3 9.9 10.4 9.3
L _ 9.0 9.2 10.0 11.0 9.4
none SELH 9.1 11.8 16.5 18.7 12.0 10.4 1.8 613
3rd course . . . . .
9.2 9.9 10.7 10.8 9.8
L 2 9.0 9.6 10.4 10.5 9.5
none ondeourse 82 7.7 75 7.5 7.9 9.1 13 244
9.3 9.9 11.2 11.7 10.0
P Lower 10.1 10.6 12.0 12.8 10.8
: 1B 11.2 1.4 61.1
slight TFE: | st course 9.7 16.0 13.8 15.4 12.8 . : :
A 9.6 9.6 10.8 11.7 10.0

H) KEVWOREDL, RO4EBICHBELE 2L, DT,

PRREE, WL,

Note) The extent of the wetwood was divided into the following classes: none, slight, middle, hard.
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