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DRYING CHARACTERISTICS OF THAI HERBS (GINGER AND TIGER HERBAL)

BY HEATED AIR DRYER
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ABSTRACT

This paper presents a study of drying Thai herbs (ginger and tiger herbal) by heated air
dryer. Mathematical models are also developed to describe the drying behaviors. The effects of
drying temperatures-and air velocities on product characteristics have been investigated. The
drying conditions are at 40, 50, 60 and 70°C of air temperature, 0.18 and 0.24 m/s of air velocity.
The results indicated that simple exponential model yielded a better fit to experimental data than
Page’s model for both ginger and tiger herbal. The results also indicated that temperature has

greater significantly affected to products colors, rehydration ratio and Ay, than air velocity.
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Mode of Batch Operation Continuous Operation
Heat Transfer
Convecﬁon Kiln drier Tunnel drier
Cabinet drier Conveyor drier
Spray drier
Fluidised-bad drier
Conduction Heat-shelf drier Drum drier
Agitated pan driers
Radiation Infrared heated Infrared heated
Shelf drier belt drier
Internal Generation Microwave oven Dielectric

Of heat

Mixed

Shelf

continuous oven
Microwave tunnel

Rotary drier

=Dh.
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MAMIUNTI 5
5

40°c 50°c
Fu CRTTVAIN AUNUY
il y 3 4 5 ST 2 3 4 5 x |sD.
1 | 43.10 | 42.90 | 43.50 | 4320 | 4330} 4320 | 0.22 | 51:00 | 51.20 | 51.90 | 51.20 | 51.50 | 51.36 | 0.35
> | 43.80 | 43.00 | 43.70 | 43.70 | 43.60 | 4356 | 0.32 | 52.50 | 51:50 | 52.00 | 5230 | 51.90 | 52.04 | 0.38
3 | 44.00 | 43.50 | 43.80 | 43.90 | 44.10 | 43.86 | 0.23 | 52.90 | 52.00 | 52.10 | 52.50 | 53.10 | 52.52 | 0.48
4 | 4410|4370 | 44.00 | 44.00 | 4420 | 44.00 | 0.19 | 53.50 | 53.10| 53.20 | 53.50 | 54.10 | 53.48 | 0.39
s | 4420 | 43.70 | 44.00 | 44.50 | 44.60 | 4420 | 0.37.] 53.90 | 53.20 | 53.40 | 54.20 | 54.30 | 53.80 | 0.48
6 | 4430 | 44.00 | 4430 | 44.60 | 4470 | 4438 | 0.28 | 54.30 | 53.90 | 54.00:| 54.60 | 54.40 | 54.24 | 0.29
7 | 4450 | 44.10 | 44.40 | 44.80 | 44.90 | 4454 | 0.32 | 54.50 | 54.10 | 54.30 |.54.70 | 54.80 | 54.48 | 0.29
8 | 4430 | 4430 | 44.40 | 44.80 | 45.00 | 44.56 | 0.32 | 54.10 | 53.80 | 53.70 | 54.50 | 54.40 | 54.10 | 0.35
o | 44.40 | 4420 | 44.50 | 44.50 | 44.60 | 44.44 | 0.15 | 54.00 | 53.50 | 53.10 | 54.20 | 5430 | 53.82 | 0.51
10 | 4450 | 44.20 | 4420 | 44.30 | 44.50 | 4434 | 0.15 | 53.80 | 53.20 | 53.00 | 54.00 | 54.10 | 53.62 | 0.49

60°c 70°c
Fu RUMU AU
d 1 1] 2 | NN s\~ 2o 3/f¥ 4 | 5 = |sp.
1 | 6210 61.00 | 62.80 | 6230 | 62.50-| 62.14 | 0.69.| 72.10.| 71.90 | 72.40 | 7230 | 7230 | 72.20 | 0.20
2 | 6330 61.50 | 62.20 | 62.90 | 62.80| 62.54 | 0.70 | 73.40| 72:00 | 73.00 | 73.50 | 72.50 | 72.88 | 0.63
3 | 63.80 | 62.90 | 63.10 | 63.50 | 64.10 | 63.48 | 0.49 | 74.50 | 73.50 | 73.70.| 74.20 | 75.10 | 74.20 | 0.64
4 | 6530|6450 | 64.90 | 65.40 | 65.60 | 65.14 | 0.44 | 74.70 | 73.90 | 74.30 | 74.80 | 75.50 | 74.64 | 0.60
s | 65.60 | 64.40 | 64.70 | 65.90 | 66.30 | 65.38 | 0.80 | 75.00 | 74.20 | 74.60 | 75.20 | 76.90 | 75.18 | 1.04
6 | 655065006520 6560|6610 6548 | 0.42 | 75.80 | 75.50 | 75.70 | 76.50 | 77.00 | 76.10 | 0.63
7 | 65.80 | 64.90 | 6530 | 66.10 | 66.80 | 65.78 | 0.73 | 76.00 | 75.80 | 75.90 | 76.90 | 77.90 | 76.50 | 0.90
8 | 66.10|65.10 | 65.90 | 66.60 | 67.20 | 66.18 | 0.79 | 76.40 | 76.00 | 76.20 | 77.10 | 78.50 | 76.84 | 1.02
9 |65.70 | 65.50 | 65.70 | 66.30 | 66.20 | 65.88 | 0.35 | 76.10 | 75.80 | 75.90 | 76.90 | 77.70 | 76.48 | 0.81
10 | 64.90 | 6430 | 64.50 | 65.00 | 65.50 | 64.84 | 0.47 | 74.70 | 74.50 | 74.30 | 75.20 | 75.50 | 74.84 | 0.50
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* 1A wet bulb 1o Tudeu
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ANNSI

Ms | gangQil | au gauni (°C)
mm‘?uﬁ mﬂ‘f;juﬁ ambient wet
naaod | (CC) (m/s) Sl nal 2 8 air bulb
1 40 0.18 | 30/11/2004 | 11:22 41.00 44.60 30.10 | 26.40
12:00 41.20 4430 29.50 | 23.00
12:17 41.00 44.20 30.00 | 23.40
*12:53 | 41.10 4420 30.10 | 26.20
13:21 41.00 44 .30 30.30 25.90
y) 50 0.18 1/12/2004 |/ 12:10 51.30 57.10 2830 | 21.90
12:43 51.20 57.00 28.50 | 22.00
*13:30, | 51.20 57.00 29.00 | 29.70
14:30 51.30 57.20 28.90 | 29.90
3 60 0.18 2/12/2004 | 13:04 62.50 70.10 30.00 | 22.90
13:50 62:40 70.00 30.20 | 23.00
*¥14:07 | 62.20 70.20 29.80 | 35.00
15:43 62.30 70.10 29.80 | 33.50
4 70 0.18 3/12/2004 | 13:44 72.50 87:10 29.50 | 23.00
14:00 71.50 86.50 29.60 | 23.20
*14:28" | 71.50 85.10 29.80 | 35.50
14:50 72.80 82.60 29.90 | 35.40




M15199 30 (AD)

70

ANNISY
QIR ay gaungi (C)
mﬂ“f;:uﬁ mﬂ‘f;ju‘ﬁ ambient wet
CC) (m/s) Sud 1307 2 8 air bulb
40 0.18 30/1/2005 | 12:30 40.70 42.50 32.60 29.60
13:38 40.70 42.50 32.00 29.20
14:25 42.60 45.70 31.50 29.80
15:00 41.10 42.80 31.90 29.20
*17:30 41.20 42.70 30.80 27.70
17:55 41.20 42.90 30.00 27.90
18:30 41.30 43.20 29.00 28.10
50 0.18 1/2/2005 .| ' 10:33 50.60 56.10 29.40 25.30
11:19 51.60 56.00 29.70 25.90
*11:45 50.50 55.30 30.20 31.70
12:50 51.30 55.80 31.10 31.90
60 0.18 29/1/2005 15:47 63.50 66.80 30.20 26.10
16:04 62.20 68.30 30.90 26.40
16:49 62.40 67:90 30.30 | 26.20
*17:17 62.00 67.70 29.90 20
17:48 61.60 67.60 29.90 33.40
70 0.18 29/1/2005 | 12:58 71.70 77.00 31.80 | 25.30
13:50 72.00 75.30 31.70 25.30
*14:38 71.90 75.00 31.60 33.70
15:42 71.90 75.30 31.50 33.50
40 0.24 | 7/12/2004 | 15:26 42.10 44.70 28.40 | 21.10
16:00 42.10 45.00 28.60 | 21.10
*17:16 42.00 44.80 28.30 26.40
18:15 42.10 44.50 28.30 26.50
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A19199 30 (AB)

AN

M3 | guvQu | au 91N (°C)
mm?guﬁ mm%uﬁ ambient wet
naned | (°C) (m/s) Tuil A 2 8 air bulb
10 50 0.24 | 9/12/2004 | 12:51 52.60 59.70 26.20 | 20.10
13:37 | 5250 58.20 26.30 | 19.90
¥15:02 | 53.30 60.30 26.90 | 28.50
16:57 53.00 59.60 26.90 27.60
11 60 0.24 | 10/12/2004 | 11:28 66.70 73.90 27.60 | 19.90
12:45 66.70 76.70 27.60 | 20.00
*¥14:08 | 66.40 75.30 27.50 | 33.10
14:43 66.40 75.00 27.50 | 33.00
12 70 0.24 13/12/2004 11:35 73.00 82.30 26.70 20.20
12:23 73.10 82.00 26.90 20.30
#1541 /73,00 82.40 26.70 | 37.40
141 34517 73419 82.30 26.60 | 37.20
13 40 0.24 | 31/1/2005 | 9:00 41.00 45.20 29.40 | 21.40
10:13 | 40.30 45.30 29.50 | 21.40
*16:57 | 40.30 44.10 28801 25.20
18:00. | 40.10 44.00 28.50 | 25.30
14 50 0.24 | 28/1/2005 | 9:06 53.00 56.30 28.20 | 25.40
10:05 53.10 56.20 28.30 | 25.30
*12:38 | 51.90 55.90 28.80 | 33.00
13:35 51.80 55.50 28.50 33.10
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ANUSI

ms | gungd | au gaungil (°C)
m@%uﬁ mﬂcf?uﬁ ambient wet
naaod | (C) (m/s) udi I 2 8 air bulb
15 60 024 | 27/12005 | 11:20 62.40 67.30 3040 | 25.10
12:30 62.20 67.50 3020 | 25.00
*13:00. |  61.40 70.20 30.10 | 34.40
14:00 62.00 69.90 3030 | 34.60
16 70 024 | 26/1/2005 |  18:06 70.60 79.60 2840 | 2440
19:00 70.50 79.40 2850 | 24.50
¥19:30 | 70.80 79.00 28.60 | 36.10
20:30 /|1 70.50 79.10 28.60 | 36.10
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a a

gangidasuduilszinm 26-27°C

{ o ) v
* 1281711 wet bulb 19118 UG
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ANNEI

ms | guugd | au gauni (C)
mﬂcf?u mﬂsi’;'lu ambient wet
naaos | (°C) (m/s) Sudi a0 #i2 fis air bulb
1 40 0.18 | 1/3/2005 | 1025 | 4330 | 44.10 30.20 | 25.00
10:56 | 42.70-. | 44.70 3130 | 25.10
*11:226'| 42,50 | 44.30 31.40 | 29.50
11:55 | 4250 | 44.20 30.30 | 29.40
1225 42.40 43.70 31.00 29.10
12:56. | ~42.40 | ' 43.70 3120 | 28.70
13:56 | 4240 | 4330 3120 | 28.20
14:26 | 4250 | 43.30 31.90 | 28.30
14:56 | 4240 | 43.10 3130 | 28.40
2 50 0.18 4/3/2005 | 12:35 53.40 59.30 30.60 23.70
13:04 | 5320 | 58.20 3120 | 23.70
13:34 | "5340 | 57.40 31.10 | 23.70
14:04 | 53.70 | _57.10 3130 | 24.20
*14:34 | 5320 | 56.50 31.50 | 29.30
15:04 53.20 56.10 31.50 29.20
3 60 0.18 2/3/2005 | 13:30 63.30 66.50 32.60 27.80
13:59 | 63.70 | 66.20 32.40 | 28.00
*14:28 | 63.80 | 66.50 31.00 | 32.80
14:56 | 63.50 | 66.10 31.10 | 32.80
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ANNED
gaunQu | au il (°C)
mm‘?u mﬂcf?u ambient wet
0) (m/s) S fa #i2 fig air bulb
70 0.18 2/3/2005 | 10:15 | 73.20 79.30 3020 | 26.40
10:45 | 71.10 76.40 30.10 | 25.70
*11:15 | 72.00 76.00 31.10 | 36.20
1125 75.80 30.80 | 37.20
12:15° | 71.60 75.40 30.80 | 37.90
40 0.18 7/3/2005 | 10:12 42.10 46.30 26.70 19.50
10:29 | 42.10 45.80 26.80 | 19.00
10:44 | 42,00 45.00 26.70 | 18.80
10:59 | 42.00 45.00 28.10 | 19.30
*16:00 | ~41.70 43.20 27.80 | 25.00
16:25 | 42.00 43.50 28.80 | 25.40
16:55 41.80 42.30 27.90 25.60
17:30 | 41.60 43.00 27.60 | 25.70
17:57 1 /42.00 43.40 28.80 | 25.70
18:28 .| 42.00 43.50 2820 | 25.70
18:58 | 41.90 43.40 28.60 | 25.80
50 0.18 14/3/2005 | 12:02 52.00 55.20 31.70 26.40
13:25 | 51.90 54.30 3240 | 26.20
*14:30 | 51.90 54.60 3130 | 30.90
1529 | 51.70 54.10 32.00 | 31.60
60 0.18 8/3/2005 | 9:14 | 62.90 67.90 2770 | 22.60
10:15 62.40 66.40 29.30 23.20
*10:44 62.20 66.00 28.40 32.00
11:43 62.40 66.00 28.60 31.53
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AN

M3 | guuQi | au RUNYN (°C)
mm%u mm?yu ambient wet
naans | (C) (m/s) Suii elah #i2 fig air bulb
8 70 0.18 | 8/3/2005 | 21:00 | 71.90 76.80 28.70 | 23.50
21:45 | 71.80 75.90 28.60 | 23.30
*22:10 | 71.80 75.80 28.60 | 35.50
23:00 | 71.90 75.90 2870 | 35.40
9 40 0.24 | 3/3/2005 | 833 | 41.90 | 45.60 2870 | 26.00
8:49 | 4190 | 44.60 28.90 | 25.90
9:04 | 41.80 44.00 29.40 | 26.00
9:19. | 41.70 43.80 30.20 | 26.10
9:48 | 41.50 | 4330 3040 | 25.70
10:19 41.40 43.00 29.90 25.20
*11:18'| . 41150 | +42.80 30.50 | 30.20
12:19 | 4170 | 43.00 30.80 | 31.00
10 50 0.24 | 5/3/2005 | 10:25 | 56.20 59.50 25.10 | 18.30
10:45 | 54.40 60.30 25.10 | 17.50
10:59 | 54.30 60.10 25.80 | 17.70
11:14 | 54.30 58.70 25.60 | 17.60
11:30 | 5430 58.70 25.70 | 17.90
11:59 | 54.60 58.10 26.70 | 18.20
*12:59 | 54.00 56.50 26.90 | 27.30
14:00 53.90 56.30 27.60 27.50
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ANUG)
Ms | guugil | aw Nl (°C)

mm‘?u mm?u ambient wet
naavd | (°C) (m/s) Suudi LI fi2 fig air bulb
11 60 0.24 2/3/2005 | 16:28 | 63.10 68.40 3030 | 25.20

16:44 | 63.40 68.00 30.50 | 25.30
16:58 | 63.10 69.10 3020 | 25.20
*17:28 | 62.80 68.00 30.00 | 33.00
17:59 | 62.90 68.00 29.80 | 32.90
18:29 | 62.90 67.60 29.50 | 33.20
12 70 0.24 2/3/2005 | 20:10 | 70:60 81.10 29.40 | 25.10
20:39 {7170 79.80 29.40 | 25.00
*21:24 | 72,00 78.20 29.40 | 35.30
21:53 | ~71.90 77.50 29.30 | 35.30
22:24 | 71.90 77:80 29.10 | 35.40
13 40 0.24 9/3/2005 | 0:10 | 42.00 45.50 2870 | 23.50
8:40 | 42:10 46.00 29.20 | 24.00
9:30 | 42.00 45.80 29.10 | 24.20
*¥9:40 | 42.10 45.70 29.00 | 25.40
10:45 | 42.10 45.80 2920 | 25.30
14 50 0.24 | 17/3/2005 | 9:50 | 54.40 59.50 3120 | 24.20
10:55 | 54.30 58.70 3140 | 24.50
*11:50 | 54.40 58.50 31.50 | 30.50
12:50 | 54.20 58.70 32.10 | 30.80
15 60 0.24 8/3/2005 | 14:20 | 62.30 66.30 29.00 | 23.50
1520 | 62.20 65.40 29.90 | 24.20
¥16:21 | 62.20 65.50 30.80 | 30.60
17:09 | 62.00 66.10 32,40 | 30.80
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ANNIED

mMs | guugil | au gunQil (°C)
mﬂci’;ju mWf?u ambient wet
naaes | (C) (m/s) Sl a1 #i2 fis air bulb
16 70 024 | 83/2005 | 17:30 | 7130 | 77.80 2930 | 22.60
1821 | 7210 | 77.40 28.60 | 23.50
*19:22 | 7190 | 76.80 28.70 | 35.40
20:00 | 71.80| 76.50 28.70 | 35.40

M13199 50 Wan1s Calibration 521374 Thermometer Lag Data Logger

Thermometer Data Logger (°C)
(o SR 13 3 0 L s F I s i R s ]
adail CC) 1T\ )2 Lea | \WH 13

1 77.0 79.0 | 78.7 | 78.2 | 78.4 | 78.0
2 72.0 73.3 | 733|733 | 729 | 73.0
3 69.0 70.0 | 69.6 | 70.1 | 69:8 | 69.9
4 64.0 65.0 | 65.3 1653 | 65.0 | 65.0
5 61.0 622 .62.1 619|620 61.7
6 58.0 59.0 | 58.9 | 58.8 58.9| 58.6
7 56.0 O, S 1 | 57.2 | S| 560
8 54.5 554 1554 | 551|550 ]| 544
9 51.0 51.1 | 51.1 | 51.1 | 51.1 | 51.0
10 47.0 47.1 |1 47.0 | 47.1 | 47.0 | 47.0
11 46.0 458 | 45.8 | 45.9 | 45.8 | 45.8
12 44.0 44,0 | 44.0 | 44.0 | 44.0 | 43.9
13 42.0 42.1 | 42.1 | 42.1 | 42.1 | 42.1
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as 1 o a o I
AARUIN 1V ITNITUIAT K VOV UIADIAUAATNIVDN Simple Exponentail
3 1111V Simple Exponential MR = exp(-kt)

1‘Iﬁﬂiuﬂill Statistica (Nonlinear Estimation Regression)

@13197 19 A1 k, R*iae SE 9114910115911 Nonlinear Estimation

UV Qﬁ AN
M3 au
A0 | nAaes | Q) (m/s) k R’ SE

N, 1 40 0.18 0.004652 | 0.98979432 | 0.000176
2 50 0.18 0.007049 | 0.99327449 | 0.000333

3 60 0.18 0.011426 | 0.98845494 | 0.000707

4 70 0.18 0.011035 | 0.98840076. | 0.000673

5 40 0.24 0.00488 | 0.99516959 | 0.000192

6 50 0.24 0.007109 | 0.99254637 | 0.000323

7 60 0.24 0.011018 | 0.99430507 | 0.000421

8 70 0.24 0.012275 | 0.97872796 | 0.000987

17900 1 40 0.18 0.009747 | 0.99821072 | 0.000201
) 50 0.18 0.021779 | 0.99903701 | 0.000418

3 60 0.18 0.032283 | 0.99241317 | 0.001926

4 70 0.18 0.040951 | 0.99931674 | 0.001062

5 40 0.24 0.009112 | 0.9964905 | 0.000228

6 50 0.24 0.026102 | 0.99884457 | 0.000566

7 60 0.24 0.303451 | 0.99879975 | 0.000752

8 70 0.24 0.041301 | 0.99889714 | 0.001128
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1 ° a 3
NARUIN 29 NITHIAT k UAE n VOV UINADIAUAA TN IUDY Page’s Model
3 111UV UD9 Page’s Model MR = exp(-kt")

14 71/51n53 Statistica (Nonlinear Estimation Regression)

z:'l 1 A 9y
ATNN 29 Ak UDE n V]Ilﬂinﬂﬂﬁﬂﬂa'ﬁ]ﬁ

gumgdl | AT SE¥03 | SE v09
s au
faede | naaee | () (m/s) n k R’ n k
U9 1 40 0.18 | 135719 | 0:000629 | 0.998857 | 0.030706 | 0.000107
2 50 0.18 | 1.310499 | 0.001533 |0.999263 | 0.032935 | 0.000246
3 60 0.18 | 1.378359 | 0.002044{-0.999045 | 0.040582 | 0.000373
4 70 0.18 | 1.395428 | 0.001801 | 0.9993 " [0.034699 | 0.000284
5 40 0.24 | 1393374 | 0.000506 | 0.999596 | 0.038551 | 0.000111
6 50 024 | 1.301773 | 0.001575 | 0.999327 | 0.027999 | 0.000219
7 60 0.24 /| 1.241366 | 0.003573 | 0.999547 | 0.020754 | 0.000343
8 70 0.24 1.520921 | 0.001131 | 0.998454 | 0.054978 | 0.000281
11710 1 40 0.18 | 0.911239 | 0.014809 | 0.99928 | 0.016776 | 0.001186
2 50 0.18 | 099632 | 0.022096 | 0.990383 | 0.033268 | 0.002897
3 60 0.18 | 0.843053 |0.057317 | 0.99476 | 0.081523 | 0.017227
4 70 0.18 | 1.08356 | 0.033157 |0.999671 | 0.032291 | 0.003403
5 40 024 | 0.86814|0.017625 | 0.999235 | 0.014226 | 0.001231
6 50 0.24 | 0.981381 | 0.028006 | 0.998872 | 0.038425 | 0.004081
7 60 024 | 1.01292 | 0.029047 | 0.998813 | 0.048356 | 0.005136
8 70 024 | 1.111268 | 0.028272 | 0.999572 | 0.038873 | 0.003738
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NMARNUIN 39U wanasran ldanmsi Multiple Regression 910 11/54N5W Statistica YOS

o = s ) 3
HUDDDIAUAMITATUDY Simple Exponential

® A

Regression Summary for Dependent Variable: k1k

R=.99728969 R?=.99458673 Adjusted R?7= 98556460

F(5,3)=110.24 p<.00135 Std.Error of estimate: .00110

Beta Std.Err. B Std.Err. t(3) p-level
T -1.73735 | 1.437068 -0.0000050 | 0.000004 | -1.20896 | 0.313271
T 4.14079 | 3.025085 0.0006750|.0.000493 | 1.36882 | 0.264543
Txv 0.55678 | 1.507838 0.0004280 | 0.001159 | 0.36926 | 0.736457
% -3.73466 | 3.019128 -0.1611250 | 0.130255 -1.237 | 0.304091
\a 1.72939 | 2.106207 0.3386940 | 0.412493 | 0.82109 | 0.471765
e {hun
Regression Summary for Dependent Variable: k1b
R=.99855645 R?=.99711499 Adjusted R?=.99230665
F(5,3)=207.37 p<.00052 Std.Error of estimate: .00254
Beta Std.Err. B Std.Err. t(3) p-level
T -1.39024 | 1.049109 | -1.2E-05 | 0.000009 | ~-1.32516 | 0.277004
v -4.88668 | 2.204068 | -0.66595 | 0.300368 | -2.21712 | 0.113347
Txv -0.21965 | 1.100774 | -0.00053 | 0.002673 | -0.19954 0.8546
P 4.74477 | 2.208417 | 0.002444 | 0.001138 2.14849 | 0.12088
v 2.71134 | 1.537604 | 1.677322 | 0.95121 1.76336 | 0.17604
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LUV 109nAIAMAATUBY Page’s Model
® a3
Regression Summary for Dependent Variable: k2k
R=.95935135 R?=.92035501 Adjusted R?=.78761336

F(5,3)=6.9334 p<.07092 Std.Error of estimate: .00085

Beta Std.Err. B Std.Err. t(3) p-level
T 20.9579 | 11.60344 | 0.0006850 | 0.000379 1.80618 | 0.168634
Txv -0.1665 5.78367 | -0.0000260 | 0.000892 -0.02879 | 0.978842
v -20.1783 | ~11.58059 | -0.1745850 | 0.100197 -1.74242 | 0.179796
P -10.7322 5.51222 | -0.0000060 | 0.000003 -1.94698 | 0.146707
v 10.8656 8.07886 | 0.4267580 | 0.317305 1.34494 | 0.271282
Regression Summary for Dependent Variable: nk
R=.99939749 R?= 99879535 Adjusted R?=.99678760
F(5,3)=497.47 p<.00014 Std.Error of estimate: .07734
Beta Std.Err. B Std.Err. t(3) p-level
v 4.42854 | 1.424235 28.4876000| 9.16171 3.10942 | 0.052906
v -2.42174 | 0.993577 | -70.7173000 | 29.01348 -2.4374 1 0.092715
i 1.34779 | 0.677919 0.0005000 | 0.00027 1.98813 | 0.140%4
T -2.55682 | 1.427046 -0.0622000 0.0347 | -1.79169 0.1711
Txv 0.20308 | 0.711304 0.0233000 | 0.08153 0.28551 | 0.793832
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Regression Summary for Dependent Variable: k2b

R=.97179340 R?= 94438242 Adjusted R?=.85168645

F(5,3)=10.188 p<.04233 Std.Error of estimate: .01205

Beta Std.Err. B Std.Err. t(3) p-level
T 15.2113 | 9.696469 0.00848 | 0.005405 1.56874 | 0.214716
Txv -3.6332 | 4.833155 | -0.00955 0.0127 | -0.75173 | 0.506815
v -13.507 | 9.677374 | -1.99202 | 1.427223 | -1.39573 | 0.257158
v 8.5899 | 6.751141 5.75077 | 4.51976 1.27236 | 0.292909
T -5.7587| 4.606312 | -0.00005 | 0.000043 | -1.25018 | 0.299874
Regression Summary for Dependent Variable: nb
R=.99837330 R?=.99674924 Adjusted R?=.99133130
F(5,3)=183.97 p<.00063 Std.Error of estimate: .09121
Beta Std.Err. B Std.Err. t(3) p-level
T -1.5696 | 2.34423 -0.0274 | 0.04092 | -0.66956 | 0.551063
T 0.58795 | 1.113627 0.0002 | 0.00032 | - 0.52796 | 0.63409
% 3.15542 | 2.339614 | 14.5724 | 10.80485 1.34869 | 0.270212
v -2.01809 | 1.632164 | -42.3077 34217 | -1.23645 | 0.304267
Txv 0.83087 | 1.168469 0.0684 | 0.09615 | 0.71107 | 0.528339
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0.18
0.18
0.18
0.18
0.24
0.24
0.24
0.24
0.18
0.18
0.18
0.18
0.24
0.24
0.24

0.24

aa
AU NEEUATE
L a b L a b
6268 | 1.41 | 2423 | 59.13 | 550 | 22.74
6454 | 1.81 | 24.08 | 57.54 | 4.49 | 22.28
65.57 | 1.97 | 25.24 | 56.43 | 5.24 | 21.83
6376 | 227 124552 | 55.53 | 7.11 | 19.11
aas | 208 238 |'59:78 | 496 | 23.14
63115 | 1.84 | 2537157.26.].743 | 22.61
61871 170 | 23.83 | 56.04 | 738 | 21.64
63.00 | 144 | 24.62 |.55.16 | 7.72 | 2021
5823 | 443 | 1124 | 38757 744 | 15.44
5730 | =575 | 10.64 | 37.07 | -6.47 | 14.44
5644 | -6.19 | 10,63 | 33.92 |/-5.37 | 13.00
27.04 | -536 | 10.38 |'33.55 | -4.38 | 12.62
2831 [ -6.00 |(11.87 | 36.88 | 7.02 | 14.47
5744 | -5.98 | 11.50 | 35.93'| -6.56 | 13.95
2693 | -6.47 | 11:34°].33.93 | -3.87 | 1254
26.67.| -612 | 11.16 | 33.01 | -42 | 1212
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Y 1 ] 1 [ ) 9
ﬂ1§N‘ﬁ 20 mmmfﬁummgmLLﬁ’mmzf‘ﬂﬂﬂﬂauuawmmimmq

ms ANMIE)
NANDY g19 | guugil | au
0) (m/s) (%wb) (%db)
49

211 = dy 9
mmwmmgmzﬂﬂﬂ ANMUFUNIRTTIUUNN

Treatment A0
ADUN YA ABUIM NaIN
9 Y 9 9
(A9 (A9 LTS L9

- 0.18 0.9287 0.1344 | 13.0252
- 0.18 0.9052 9.5498 0.2139
- 0.18 0.9006 9.0604 0.2082
-n 0.18 0.0411 8.9465 0.0429
-“ 0.18 0.9024 9.2459 0.0500
- 0.18 0.9042 9.4373 0.1012
- 0.24 01158 | 112699 | 0.1310

-“ 0.9070 9.7491 0.0897
n- 0.9018 0.0911 9.1813 0.1003

- 0.9055 9.3780 0.1017
12U 0.8932 8.3646 0.0936
0.8786 7.2402 0.0964
0.8812 7.4145 0.1356
0.18 0.8836 7.5897 0.1192
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A Y
151991 2A (19)

g
M3 ANGD
9 Y
Treatment | naaee | 20619 | quuqi | au anuFuIasgINen ANUFUINATTILA
CO) (m/s) (%wb) (%db)

ADUNI vaani ADUM

W W W (i
1 3 19U0 60 0.18 0.8948 0.0337 8.5064 0.0349
2 3 60 0.18 0.9012 0.0355 9.1215 0.0368
1 4 70 0.18 0.9046 0.0917 9.4846 \ 0.1010
2 4 70 0.18 0.9041 0.0045 | 9.4327 \ 0.1044
1 5 40 0.24 09138 | 0.0993 " | 10.5982 \ 0.1103
2 5 40 004 | 00139 0.0872 |110.6172 ‘ 0.0955
1 6 50 0.24 0.8958 0.0739 8.5930 \ 0.07984
2 6 50 024 | 08963 | 00810 | 86458 | 00882
1 7 60 024 | 08898 | 0.0616 F8.0784 0.0657
3 7 60 024 | 08873 | 100648 | 78739 | 00693
1 8 70 \ 024 ‘ 09236 | 00494 | 120970 | 0.0520

2 8 70 0.24 0.9218 0.0549 11.7904 \ 0.0581
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A5
M5 | awmgil | au it (o)
f10819 | neaes | (oC) (mis) | 10w | 20w% | 300 |40 wd | 50 W
U9 1 40 0.18 35 42.93 47.23 49.67 52.36
2 50 0.18 32.85 42.32 47.88 51.66 53.64
3 60 0.18 3556 | 47.62 | 54.03 | 5796 | 60.88
4 70 0.18 3164 | 3825 | 43.08 46.7 49.28
5 40 0.24 3382 | 46.78 . 52.03 55 57.93
6 50 0.24 38.92 47.07 51.36 54 56.6
i 60 0.24 NG (21 5 5o84 N\ \99.48 | 6223
8 70 0.24 35.5 43.15 | . 48.01 | 5021 51.9
1yun 1 40 0.18 40.8 |- 45.89 481 5162 | 53.64
2 50 0.18 51.92 ST 584 59.91 60.62
3 60 0.18 58.41 65.45 66.95 68.56 70.39
4 70 0.18 52.67 64.23 67.83 /1.32 72.13
5 40 0.24 3959|4819 | 4861 5292| 52.94
6 50 0.24 WALS 56254%  FU 60.7 |  60.91
7 60 0.24 48.07.| 15798 60.48 | 65.16| 65.24
8 70 0.24 5434 6186 | 64.84 667 | 66.97




MmN 4a A A veswnndimsitui

13 mmﬁa
Treatment | NAABY | (70619 | Qangl aw A,
©) (m/s)
1 1 1910 40 0.18 0.583
2 1 40 0.18 0.598
1 ) 50 0.18 0.366
2 ¢ 50 0.18 0.397
1 3 60 0.18 0.395
2 3 60 0.18 0.408
1 4 70 0.18 0.346
2 4 70 0.18 0.376
| 3 40 0.24 0.569
;) 5 40 0.24 0.600
1 6 50 0.24 0.407
7 6 50 0.24 0.334
1 7 60 0.24 0.444
2 7 60 0.24 0.380
1 8 70 0.24 0.394
7) 8 70 0.24 0.338

87





