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SORADA KHAENGKARN : DEVELOPMENT AND RESEARCH FOR
IMPROVEMENT OF THE FREE-FALL PADDY DRYER. THESIS

ADVISOR : ASSOC. PROF. TAWIT CHITSOMBOON, Ph.D., 198 PP.

FREE-FALL DRYER/THIN-LAYER MODEL/GENETIC ALGORITHM/

DIMENSIONLESS ANALYSIS/CHARACTERISTIC CURVE/DRYING RATE

This work comprises of 5 parts namely: improvement of the dryer, experiment,
drying models by genetic algorithm, dimensionless analysis and numerical simulation.
The existing free-fall dryer was improved for a continuous drying process by installing
a bucket conveyor and measurement instruments. The experiment was done at air
velocity 2 m/s, temperature 100, 130, 150°C, paddy feed rate 52.4 kg/min and rest
period between drying round of 1 min. Experimental data obtained from the
experiment were then fitted to the 9 empirical models in the literature by a genetic
algorithm of MATLAB to find the best models. As for the numerical simulation work,
the non-equilibrium model of the counter-current flow drying process was used to
simulate the heat and mass transfer between drying air and paddy grains. A computer
code was developed by using MATLAB. The experimental data were compared to the
simulated values and the results were in good agreements. A dimensionless variables
analysis is desirable for scaling of the dryer into a commercial scale. By using the
method of pure dimension scaling, 6 dimensionless variables were found. Geometric

and dynamic similarities of the dimensionless groups were demonstrated.
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e = _ (5.17)

N N N
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(5.18)
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1 Y
M50 5.3 MIIRTHHUUTIA00ULT nsEinUFLFNIMSoIMANAdDUY

Tdquugiiouuits 100°C
Standard | Correlation MSD
Model Parameter Value
Error (e, coeff. (1) (XZ)
Newton Drying Coefficient, | 0.002025 | 0.010379 | 0.998621 0.000110
k
Page Drying Coefficient, | 0.001937 | 0.010336 | 0.998609 0.000111
k
Exponent, n 1.007810
Henderson and Pa | Drying Coefficient, | 0.002041 | 0.010199 | 0.998639 0.000108
bis k
Coefficient, a 1.004016
Logarithmic Drying Coefficient, k 0.002358 0.009514 0.998813 0.000096
Coefficient, a 0.921174
Coefficient, a, 0.088505
Two-term exponent | Coefficient, a, 1.008498 0.010027 | 0.998687 0.000109
Drying Coefficient, k, | 0.002057
Coefficient, a, -0.012349
Drying Coefficient, k, | 0.042789
Geometric Coefficient, a 1.721333 0.089304 0.906856 0.008282
Exponent, n 0.192390
Wang and Singh Coefficient, a, -0.001979 0.008041 0.999221 0.000067
Coefficient, a, 1.491E-06
Midilli Coefficient, a 0.986112 0.005809 | 0.999558 0.000036
Coefficient, b 0.000386
Drying Coefficient, k 0.000823
Exponent, n 1.218109
Diffusion Approach | Coefficient, a -0.007795 0.010059 0.998683 0.000107
Coefficient, b 0.053501
Drying Coefficient, k 0.038408
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Standard | Correlation MSD
Model Parameter Value

Error (e) coeff. (r) (XZ)

Newton Drying Coefficient, k 0.002025 0.010379 | 0.998621 0.000110

Page Drying Coefficient, k 0.001852 0.008386 | 0.999065 0.000074
Exponent, n 1.047085

Henderson and Pabis | Drying Coefficient, k 0.002454 0.007948 | 0.999135 0.000066
Coefficient, a 1.012401

Logarithmic Drying Coefficient, k 0.002574 0.007879 | 0.999150 0.000067
Coefficient, a 0.982580
Coefficient, a, 0.031457

Two-term exponent Coefficient, a, 1.019035 0.007246 0.999283 0.000058
Drying Coefficient, k, 0.002486

Coefficient, a, -0.020826

Drying Coefficient, k, 0.062342

Geometric Coefficient, a 1.683932 0.086039 | 0.915322 0.007755
Exponent, n 0.190412

Wang and Singh Coefficient, a, -0.002271 0.008351 | 0.999250 0.000073

Coefficient, a, 1.845E-06

Midilli Coefficient, a 0.995787 0.005266 | 0.999620 0.000031
Coefficient, b 0.000392
Drying Coefficient, k 0.001186
Exponent, n 1.181532

Diffusion Approach | Coefficient, a -0.019029 0.007254 | 0.999282 0.000056
Coefficient, b 0.042598
Drying Coeftficient, k 0.058348
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Standard Correlation MSD
Model Parameter Value
Error (e) coeff. (r) (Xz)
Newton Drying Coefficient, k 0.002788 0.007933 0.999178 0.000065
Page Drying Coefficient, k 0.002258 0.006497 0.999411 0.000045
Exponent, n 1.040081
Henderson and Drying Coefficient, k 0.002814 0.007630 0.999155 0.000061
Pabis Coefficient, a 1.004362
Logarithmic Drying Coefficient, k 0.002199 0.006259 0.999429 0.000043
Coefficient, a 1.188866
Coefficient, a, -0.191337
Two-term exponent | Coefficient, a, 1.055264 0.005842 0.999503 0.000038
Drying Coefficient, k, | 0.003023
Coefficient, a, -0.062611
Drying Coefficient, k, | 0.013871
Geometric Coefficient, a 1.628474 0.083954 | 0.918454 0.007440
Exponent, n 0.188328
Wang and Singh Coefficient, a, -0.002591 0.006150 0.999472 0.000040
Coefficient, a, 2.263E-06
Midilli Coefficient, a 0.990905 0.005975 0.999480 0.000040
Coefficient, b 0.000032
Drying Coefficient, k 0.001815
Exponent, n 1.081782
Diffusion Approach | Coefficient, a -0.189910 0.006220 0.999457 0.000042
Coefficient, b 0.490094
Drying Coefficient, k 0.006591
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Standard Correlation MSD
Model Parameter Value
Error (e) coeft. (r) (Xz)
Newton Drying Coefficient, k 0.002499 0.007898 0.999201 0.000064
Page Drying Coefficient, k 0.002110 0.006984 0.999416 0.000051
Exponent, n 1.031077
Henderson and Drying Coefficient, k 0.002506 0.007872 0.999193 0.000065
Pabis Coefficient, a 1.001308
Logarithmic Drying Coefficient, k 0.001955 0.006032 0.999523 0.000039
Coefficient, a 1.180027
Coefficient, a0 -0.186477
Two-term exponent | Coefficient, al 1.092848 0.005630 0.999585 0.000035
Drying Coefficient, k1 | 0.002773
Coefficient, a2 -0.103703
Drying Coefficient, k2 | 0.009044
Geometric Coefficient, a 1.684437 0.090860 0.906380 0.008640
Exponent, n 0.195613
Wang and Singh Coefficient, al -0.002319 0.006551 0.999533 0.000045
Coefficient, a2 1.818E-06
Midilli Coefficient, a 0.987202 0.005790 0.999561 0.000037
Coefficient, b -0.000006
Drying Coefficient, k 0.001616
Exponent, n 1.074260
Diffusion Approach | Coefficient, a -6.892263 0.006530 0.999490 0.000046
Coefficient, b 1.077549
Drying Coefficient, k 0.001483
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Standard Correlation MSD
Model Parameter Value
Error (e) coeff. (r) (XZ)
Newton Drying Coefficient, k 0.002839 0.015112 0.997238 0.000234
Page Drying Coefficient, k 0.001738 0.010929 0.998665 0.000126
Exponent, n 1.092773
Henderson and Drying Coefficient, k 0.002880 0.014721 0.997138 0.000228
Pabis Coefficient, a 1.006908
Logarithmic Drying Coefficient, k 0.001283 0.007934 0.999161 0.000068
Coefficient, a 1.830550
Coefficient, a0 -0.842124
Two-term exponent | Coefficient, al 1.472332 0.006614 0.999417 0.000049
Drying Coefficient, k1 | 0.003951
Coefficient, a2 -0.493440
Drying Coefficient, k2 | 0.008079
Geometric Coefficient, a 1.645632 0.094285 0.901445 0.009370
Exponent, n 0.193092
Wang and Singh Coefficient, al -0.002488 | 0.009157 0.999071 0.000088
Coefficient, a2 1.700E-06
Midilli Coefficient, a 0.976039 0.007116 0.999325 0.000056
Coefficient, b -0.000064
Drying Coefficient, k 0.001010
Exponent, n 1.176772
Diffusion Approach | Coefficient, a - 0.009205 0.999032 0.000092
16.891285
Coefficient, b 1.087098
Drying Coefficient, k 0.000985
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Standard Correlation MSD
Model Parameter Value
Error (e) coeff. (r) (Xz)
Newton Drying Coefficient, k 0.003224 0.012280 0.997859 0.000155
Page Drying Coefficient, k 0.002378 0.010304 0.998689 0.000113
Exponent, n 1.059478
Henderson and Drying Coefficient, k 0.003236 0.012253 0.997837 0.000160
Pabis Coefficient, a 1.001644
Logarithmic Drying Coefficient, k 0.001467 0.005410 0.999574 0.000032
Coefficient, a 1.810819
Coefficient, a0 -0.826184
Two-term exponent | Coefficient, al 1.912572 0.005408 0.999574 0.000033
Drying Coefficient, k1 | 0.001419
Coefficient, a2 -0.928188
Drying Coefficient, k2 | 0.000068
Geometric Coefficient, a 1.601385 0.087277 0.913909 0.008093
Exponent, n 0.190451
Wang and Singh Coefficient, al -0.002883 0.008493 0.999318 0.000077
Coefficient, a2 2.439E-06
Midilli Coefficient, a 0.984691 0.005452 0.999567 0.000034
Coefficient, b -0.000627
Drying Coefficient, k 0.002047
Exponent, n 1.002924
Diffusion Approach | Coefficient, a -0.528344 0.008214 0.999308 0.000074
Coefficient, b 0.000317
Drying Coefficient, k 6.408306
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A o a | o a 9 o dy
TaeNdulsz@ns a, &, n oz b uilanFuvesguvgioIMeo L (7) Al
a=-0.00001 133T2+ 0.00292897T + 0.80653797 (5.21)

k= 0.000000397" - 0.000076717 + 0.00463167 (5.22)



n=-0.00007536T" + 0.01611246T + 0.36044789
b =-0.000000367" + 0.00008397T - 0.00436890

A3 SUdIMTeIMadeud1 den HUS1a0Y Two-term exponential
MR=ae™ +a,e™

Tagi E%Jﬂizﬁﬂ%(al, k,, ey k, WluilsddFuvesgangiiomaeuur (1) dafl
a,= 0.00018725T" - 0.03041804T + 2.26215079
k, =-0.000003327" + 0.000802167 - 0.04427326
a,=-0.00017492T" + 0.02724108T - 1.07857873

k, = -0.000007377" + 0.00166233T - 0.08351565
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v . o { { A v v
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< a v Jd
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equation) 4 IdvInngmsmiemanudounazuia tuuiaswuy liaugaves Bakker-Arkema
) [ 3 % { .
(Bakker-Arkema et al., 1976) 1% S UN150VURIUVUINAAN Y © g U N (stationary bed)
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al, ___ —ha (r,-1) ©.1)
ox  G,c,+p,cH P

oT, _ ha(l,-T,) N hv+cv(Ta—Tp)G oH
o pc,+pcM  prc +pc,M 7 OX

(6.2)
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oH_ poH (6.3)
OX G, 060

oM . . .

o Thin - Layerdryingequation (6.4)

a

{ < o w
Tagil  T,uas T, AegaungiivesoimaAsuuiauazuaansnud Iy, K

QU

p, Waz p, AoanunuutiuveseIMAeuu wazmdaiiva WAL, ky/m’
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{%}+[A]{%}+[B]{%J}:{b} 69
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Tugaumseusiug vz'1da

dT ha

a

p

= T
dx G,c, +G,cH

dT ha(T, -T,) N hv+cv(Ta—Tp)G

= a
dx G,,+G,c,M Gy, +G,c,M ~ dx

aH _G,dm
dx G, dx

(6. 14)

(6.15)

(6. 16)
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% = Thin - Layerdryingequation (6.17)
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)(Ta _Tamb ) (6.18)
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dT,  ha(T,-T,) h+c(T,-T,)dm

= + (6.19)
dy G,c,+G,c,M ¢, +c,M dy
dy G, dy '

A U A VoA 9 o A
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1 Y A 9 a, a o . o
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dT, (ha) . . (ha+thA)_. ~ hA

- T
dy G, +GcW ° G, +GcW * (G, +G,cw) ™™

130

dT

dya = ﬂlTp +ta T, +1

ha+cVGpO|—NI ha+chpd—'\/I
dT, dy dy h,
=— T, + T, +

dy G,c,+G,c,M G,c,+G,c,M c, +c,M dy

130

T, _

Bl +a,T, +7,

(6.25)

(6. 26)
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7.4.1 #¥®anN15U94 ANOVA
(% A = = .. A a 1
NaNN15U93 ANOVA Av1)T81uiNe Variation NAAIINNITLBIAINAINN
I~ 1 o [ A a g [ 1
Uszans vuilungqufednu (Between samples variation) i1 Variation Mtnadu luuaagzngu

Y
§10819 (Within samples variation) Adaunisae 1/i

Between samples variation
(7.8)

Test statistic = ——— —
Within samples Variation

nhdeyavewaazlszansuimannie (X,X,,...%, ) uazlunaazngu

De

11 Standard deviation 13192138131 Within-sample variation

Hazie11A R s ezl ZHININIVINOULALHITAWWIIUIUAUNAY
us/‘ U A Y 09/} A 1 .. <]
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Y )
2 IMAo UL TUNMINAa0IiY 15192158071 Level 1139 Treatment levels aduiladsduaziase

Tiauan li'latimsaiuau uaziiiesninilasenieninig ANOVA

9
A v AaA

115U MINAA1NA 9 T ANOVA Hatiae

Sample size Ao n,n,,...,N

Sample mean Ao X5 Xy 5eens Xy
oA
Sample variation Ai® S_,S,..., S,

Total sample size Ao n= n+n,+..+n,
A _ A 1 A 1 A =) Y g} o A o 1
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H 4
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f Between-samples variation NN IANnaNM3
SSTr =n,(x, = X) +n,(X, =X +...+n, (% - X) (7. 11)
§115UA1 Within-sample variation w1 l&anaunsi (7.12) waziileaInaums

< @ do o ~ ] 1 = 1
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Sum square of error "
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YoITIUIUAI0E19(ToYA) Warua9n NN 9 Level @21 SSTr ADNATIN 531319 Level 92 14
Degree of freedom = k-1 Iﬂil‘ﬁ k A931UIU Level ag SSE ﬁﬁ)Wﬁi’JiJ“ﬁLﬁQMﬂHﬂ g ﬁfl’agamm
NN Level ﬁdﬂaju Degree of freedom = n-k

A 9 ' A 9 1 = [
ﬁ;ﬂﬂﬁ%ﬁﬁﬂ“ﬂﬂﬂﬁ‘lﬂﬂT Degree of freedom (UBIINNADINITHIAURAYUDULADE

9
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NIUANU
MSTr = iSTr (7.15)
MSE = >°F (7.16)
n-k
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MSTr ﬁ ® Mean square for treatments (Between-sample)

MSE A8 Mean square error (Within-sample)
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ANOVA Table aauaadlua15199 7.2

A13199 7. 2 1519 ANOVA
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Ta=100 Ta=130 Ta=150
1391 (t) 1391 (t) 1391 (t)
450 330 280
350 270 230
330 260 240

Y
WaMIIAI1ZH ANOVA Taeld Statistics Toolbox Y04 MATLAB ‘l@nasail

ANOVA Table

F  ProbsF

Source 33 df
Columns 25488.9 2
Error 12533.3 &
Total 3g0zz.2 a8

1

12744.4
IoBs.g8

6.1 0.0358

450+

400+

350

300

250

200

7.1 ANOVA table 91AM33ATIZH A8 MATLAB Toolbox
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Vapor Pressure (kPa)

P, —0.0231.[ —
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Vapor pressure at Saturate Temperature (kPa)

—7511.52

+89.63121+0.02399897 - T, ,,, —1.1624551-10° - T, .

a,abs

+2.0998405-10 - T, —12.150799- In(T, ,,.)

a,abs

~1.2810336-107°-T.

a,abs



153

Relative humidity (decimal)

Humidity Ratio (kg/kg dry air)

28.964

_(18.016) RH - P,
) (R-RH-PR)

mm%’auuv]wmmaﬂmmflu“la (Latent heat of evaporation)
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Thermal conductivity of air (W/m.K)
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Nu, =0.508-(Pr®®).(0.952 + Pr) 4 .Gr@*

Gr = gﬁ(Twall _Tamb ) L3

V2

Tagh  Gr Av Grashof Number

A . . .
v 19 kinematic viscosity of Air
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V. 1 ﬁ]i'lx‘]ﬂ1§ﬂﬂﬁﬂﬂ’?ﬂﬂ7!13»1!%’3611-!7]'691J!!1?il\1

A < A 9y A 1 .
A5 19N V1. 1 ANuIManmMuaseuthaw (orifice)

158

Orifice Orifice Invertor orifice Visounita V et
(mm(H,0)) (mm(Air)) (Hz) (m/s) (m/s) (CD=0.6)

0 0 0 0.00 0.00 0.00
0.5 415.83 8.20 2.86 1.17 0.70
1.5 1247.50 14.80 4.95 2.03 1.22
2.5 2079.17 16.50 6.39 2.62 1.57
3.5 2910.83 19.70 7.56 3.10 1.86
4.5 3742.50 21.60 8.57 3.51 2.11
5.5 4574.17 24.50 9.47 3.88 2.33
6.5 5405.83 26.10 10.30 422 2.53
7.5 6237.50 26.90 11.06 4.53 2.72
8.5 7069.17 28.90 11.78 4.82 2.89
10.5 8732.50 30.60 13.09 5.36 3.22
11.5 9564.17 32.10 13.70 5.61 3.37
12.5 10395.83 33.10 14.28 5.85 3.51
13.5 11227.50 34.00 14.84 6.08 3.65
15.5 12890.83 36.90 15.90 6.51 3.91
16.5 13722.50 37.80 16.41 6.72 4.03
19.5 16217.50 40.80 17.84 7.31 4.38
21.5 17880.83 42.50 18.73 7.67 4.60
23.5 19544.17 44.10 19.58 8.02 4.81
25.5 21207.50 46.20 20.40 8.36 5.01
27.5 22870.83 48.10 21.18 8.68 5.21
29.5 24534.17 50.10 21.94 8.99 5.39
315 26197.50 51.90 22.67 9.29 5.57
33.5 27860.83 53.50 23.38 9.58 5.75
355 29524.17 55.10 24.07 9.86 591
375 31187.50 56.60 24.74 10.13 6.08
39.5 32850.83 58.20 25.39 10.40 6.24
41.5 34514.17 59.80 26.02 10.66 6.40
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orifice orifice | inverter Fumiadi 1 Fumnisdi 2 fumisii 3 Suviniadi 4 Vi
mm(H20) | mm(air) (Hz) 1 2 3 mﬁ'a 1 2 3 méa 1 2 3 m?ilﬂ 1 2 3 m?ﬁlﬂ m/s
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.5 415.83 820 | 141 | 141 | 142 | 141 | 123 | 124 | 124 | 124 | 1.04 | 1.05 | 1.06 | 1.05 | 0.68 | 0.67 | 0.66 | 0.67 | 0.96
L5 1247.50 | 1480 | 222 | 223 | 222 | 222 | 198 | 195 | 195 | 196 | 1.78 | 1.79 | 1.81 | 179 | 127 | 126 | 125 | 126 | 164
2.5 2079.17 16.50 243 | 243 | 243 2.43 2.11 215 | 2.15 2.14 1.93 1.95 1.93 1.94 1.39 1.40 1.42 1.40 1.79
35 2910.83 19.70 279 | 279 | 2718 2.79 247 | 246 | 247 2.47 222 | 223 | 221 222 1.63 1.65 1.65 1.64 2.07
45 374250 | 21.60 | 298 | 299 | 299 | 299 | 2.66 | 2.66 | 2.60 | 2.64 | 238 | 236 | 2.36 | 2.37 | 177 | 175 | 177 | 176 | 222
55 457417 | 2450 | 331 | 332 | 331 | 331 | 295 | 295 | 296 | 295 | 261 | 260 | 2.62 | 261 | 1.95 | 1.94 | 1.97 | 195 | 2.46
6.5 5405.83 26.10 346 | 3.46 | 3.45 3.46 3.08 | 3.08 | 3.08 3.08 273 | 272 | 273 2.73 207 | 2.07 | 2.08 2.07 2.58
7.5 6237.50 26.90 3.53 3.54 | 3.55 3.54 3.17 | 3.18 | 3.17 3.17 277 | 279 | 2.82 2.79 214 | 211 2.13 2.13 2.65
8.5 7069.17 | 2890 | 3.73 | 3.74 | 3.72 | 3.73 | 336 | 335 | 335 | 335 | 297 | 294 | 298 | 296 | 225 | 227 | 228 | 227 | 281
10.5 8732.50 | 30.60 | 3.87 | 3.89 | 3.9 | 3.89 | 349 | 349 | 349 | 349 | 3.08 | 3.10 | 3.11 | 3.10 | 237 | 240 | 240 | 239 | 294
11.5 9564.17 32.10 4.04 | 405 | 4.05 4.05 3.64 | 3.63 3.63 3.63 324 | 323 | 322 3.23 252 | 249 | 253 2.51 3.07
12.5 10395.83 33.10 4.13 | 4.13 4.1 4.12 3.70 | 3.71 3.71 3.71 330 | 3.29 | 3.30 3.30 256 | 2.56 | 2.57 2.56 3.14
13.5 11227.50 | 34.00 | 422 | 422 | 421 | 422 | 377 | 3.78 | 3.76 | 3.77 | 336 | 336 | 333 | 335 | 258 | 2.58 | 2.63 | 2.60 | 3.19
15.5 12890.83 | 3690 | 449 | 449 | 449 | 449 | 401 | 403 | 403 | 402 | 351 | 353 | 352 | 352 | 279 | 2.81 | 277 | 279 | 3.39
16.5 13722.50 37.80 458 | 454 | 458 4.57 4.08 | 406 | 4.08 4.07 358 | 3.59 | 3.57 3.58 286 | 2.85 | 2.86 2.86 3.45
19.5 16217.50 40.80 482 | 482 | 4.82 4.82 434 | 433 | 430 432 380 | 3.79 | 3.80 3.80 299 | 3.01 3.01 3.00 3.65
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AN V1. 2 ANVGI0IMANNINDDNATOID VLN NAaeLuUlan1vesnaIUaN (919)

orifice orifice | inverter Fumiadi 1 Fumnisdi 2 fumisii 3 Suviniadi 4 Vi
mm(H20) | mm(air) (Hz) 1 2 3 mﬁ'a 1 2 3 Lnéa 1 2 3 m?ilﬂ 1 2 3 m?ﬁlﬂ m/s
21.5 17880.83 42.50 498 | 497 | 497 4.97 441 442 | 441 441 388 | 3.89 | 3.89 3.89 3.08 | 3.12 | 3.11 3.10 3.75
235 19544.17 | 4410 | 513 | 514 | 513 | 5.13 | 452 | 453 | 452 | 452 | 397 | 399 | 3.99 | 398 | 3.17 | 3.20 | 3.17 | 3.18 | 3.84
255 21207.50 | 4620 | 533 | 531 | 531 | 532 | 4.69 | 470 | 4.68 | 4.69 | 4.06 | 405 | 405 | 4.05 | 326 | 327 | 324 | 326 | 3.94
27.5 22870.83 48.10 547 | 547 | 548 5.47 482 | 480 | 4.80 4.81 413 | 414 | 4.15 4.14 334 | 333 | 3.31 3.33 4.04
29.5 24534.17 50.10 5.65 | 5.65 5.65 5.65 492 | 493 | 492 4.92 418 | 419 | 4.18 4.18 340 | 3.44 | 340 3.41 4.12
315 26197.50 | 5190 | 578 | 577 | 578 | 578 | 503 | 5.02 | 5.04 | 503 | 424 | 425 | 424 | 424 | 347 | 344 | 347 | 346 | 4.19
33.5 27860.83 | 53.50 | 592 | 592 | 592 | 592 | 5.3 | 510 | 511 | 511 | 430 | 429 | 430 | 430 | 3.51 | 347 | 349 | 349 | 4.25
355 29524.17 55.10 6.06 | 6.05 6.07 6.06 5.21 519 | 5.21 5.20 436 | 436 | 433 4.35 352 | 3.51 3.51 3.51 4.30
37.5 31187.50 56.60 6.19 6.2 6.2 6.20 529 | 530 | 5.29 5.29 440 | 439 | 4.40 4.40 355 | 3.53 | 3.52 3.53 4.35
39.5 32850.83 | 5820 | 633 | 631 | 634 | 633 | 539 | 537 | 541 | 539 | 444 | 444 | 444 | 444 | 360 | 3.54 | 357 | 357 | 441
415 34514.17 | 59.80 | 648 | 649 | 649 | 649 | 548 | 548 | 548 | 548 | 450 | 449 | 447 | 449 | 364 | 359 | 3.60 | 3.61 | 447
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WWSTQﬁ V1.3 mmwammﬁﬁmmamﬂ?mauuﬁjﬂ ﬂﬂaaﬂlmmﬂﬂmﬂaﬂﬂﬁ}mmﬂ

° oA
ALK UIN 1

° oA
AN UIN 2

° oA
AWV UIN 3

° oA
ANV UIN 4

orifice orifice inverter Ve
mm(H20) | mm(air) (Hz) 1 2 3 o 1 2 3 mao 1 2 3 i 1 2 3 mae | ms
0 0 0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.5 415.83 8.20 L1 | 113 | 113 1.1 0.99 | 1.01 1 1 0.97 | 096 | 0.96 1 0.55 | 058 | 0.59 | 0.57 | 0.82
L5 1247.50 14.80 1.8 | 1.84 | 1.83 1.8 1.66 | 1.69 | 1.67 1.7 1.65 | 1.66 | 1.65 1.7 L15 | 111 | 111 1.12 1.45
2.5 2079.17 16.50 2 2.01 2 2 1.85 | 1.83 | 1.85 1.8 1.79 | 176 | 1.79 1.8 1.32 | 1.31 1.33 1.32 1.62
3.5 2910.83 19.70 23 | 231 23 2.3 2.1 2.09 | 2.09 2.1 2.05 | 2.02 | 1.99 2 1.53 | 155 | 1.57 1.55 1.86
4.5 3742.50 21.60 25 | 248 | 248 2.5 225 | 225 | 2.29 23 2.15 | 2.16 | 2.14 2.2 1.69 | 1.66 | 1.69 1.68 | 2.00
5.5 4574.17 24.50 28 | 276 | 2.78 2.8 252 | 251 | 252 2.5 241 | 2.38 2.4 2.4 1.89 | 1.93 | 1.88 1.9 2.24
6.5 5405.83 26.10 2.9 2.9 291 2.9 2.63 | 2.63 | 2.65 2.6 249 | 249 | 251 2.5 1.94 2 2.01 1.98 | 234
7.5 6237.50 26.90 3 2.96 | 2.98 3 2.73 | 271 | 2.69 2.7 2.55 | 255 | 2.58 2.6 2.01 | 2.04 | 2.04 | 203 | 240
8.5 7069.17 28.90 32 | 315 | 3.16 32 2.86 | 2.87 | 2.89 2.9 2,65 | 271 | 271 2.7 2.14 | 216 | 215 | 215 | 2.54
10.5 8732.50 30.60 34 | 332 | 334 3.3 3.05 | 299 | 3.01 3 282 | 2.82 | 2.84 2.8 226 | 225 | 227 | 226 | 2.67
11.5 9564.17 32.10 3.5 35 3.51 3.5 3.14 3.1 3.12 3.1 2.95 2.9 2.9 2.9 234 | 238 | 237 | 236 | 2.77
12.5 10395.83 33.10 3.6 | 357 | 3.55 3.6 322 | 3.8 | 3.19 3.2 3.02 | 295 | 295 3 243 | 242 | 241 242 | 2.83
13.5 11227.50 34.00 3.7 | 3.66 | 3.65 3.7 329 | 329 | 3.29 33 3.06 | 3.02 | 3.02 3 245 2.5 249 | 248 | 2.90
15.5 12890.83 36.90 39 | 3.89 3.9 3.9 3.51 | 3.48 3.5 3.5 3.18 | 322 | 3.17 32 262 | 2.64 | 2.64 | 263 | 3.07
16.5 13722.50 37.80 4 395 | 3.96 4 3.58 | 3.57 | 3.54 3.6 325 | 3.26 32 3.2 2.7 275 | 268 | 2.71 3.14
19.5 16217.50 40.80 4.2 4.2 422 4.2 3.79 | 375 | 3.79 3.8 345 | 343 | 344 34 2.84 | 289 | 2.85 | 286 | 3.32
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A3 N V1. 3 ANVGI0IMANNNDDNATOID VLI NAADILUVIUANINODNATUAN (919)

° oA
ALK UIN 1

° oA
AN UIN 2

° oA
AWV UIN 3

° oA
ANV UIN 4

orifice orifice inverter Ve
mm(H20) | mm(air) (Hz) 1 2 3 o 1 2 3 mao 1 2 3 i 1 2 3 mae | ms
21.5 17880.83 42.50 44 | 438 | 435 4.4 395 | 394 | 3.91 3.9 3.51 | 3.48 35 35 2.89 | 287 | 2.86 | 2.87 | 3.39
235 19544.17 44.10 45 | 447 | 449 4.5 401 | 397 | 3.99 4 3.56 3.6 3.59 3.6 295 | 296 | 295 | 295 | 347
25.5 21207.50 46.20 47 | 4.64 | 4.65 4.7 416 | 4.18 4.2 42 3.71 | 3.71 | 3.69 3.7 3.04 | 3.03 | 3.07 | 3.05 | 3.60
27.5 22870.83 48.10 48 | 477 4.8 4.8 425 | 429 4.3 43 3.76 | 3.81 | 3.74 3.8 3.1 | 3.11 | 3.08 3.1 3.67
29.5 24534.17 50.10 49 | 495 | 497 4.9 439 | 443 | 441 4.4 3.85 | 3.85 | 3.89 3.9 32 3.18 32 3.19 | 3.78
315 26197.50 51.90 5.1 5.1 5.08 5.1 452 | 453 | 4.49 4.5 394 | 391 | 3.92 3.9 325 | 325 | 322 | 324 | 3.85
335 27860.83 53.50 52 | 519 | 524 5.2 461 | 463 | 4.63 4.6 398 | 396 | 3.98 4 33 332 33 3.31 3.92
35.5 29524.17 55.10 53 | 532 | 528 53 4.72 4.7 4.69 4.7 402 | 4.04 4 4 335 | 338 | 335 | 336 | 3.98
375 31187.50 56.60 54 | 544 | 541 5.4 477 | 478 | 478 4.8 4.02 | 4.06 | 4.02 4 342 | 337 | 338 | 339 | 4.02
39.5 32850.83 58.20 55 | 558 | 5.57 5.6 488 | 486 | 4.86 4.9 4.07 | 406 | 4.08 4.1 349 | 348 | 344 | 347 | 4.09
41.5 34514.17 59.80 57 | 568 | 5.69 5.7 493 | 492 | 492 4.9 409 | 415 | 4.13 4.1 348 | 349 | 349 | 349 | 414

1
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orifice orifice | inverter Suviniadi 1 Fuviniadi 2 Fuiniadi 3 Sumisdi 4 Vi
mm(H20) | mm(air) (Hz) 1 2 3 mae 1 2 3 mae 1 2 3 7y 1 2 3 mAe | ms
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.5 415.83 820 | 128 | 128 | 128 | 1.28 | L14 | 112 | 113 | 113 | 1.0l | 1.03 | 1.0l | 1.02 | 0.76 | 0.74 | 0.75 | 0.75 | 0.95
1.5 124750 | 1480 | 2.01 | 2.03 | 2.04 | 2.03 | 1.86 | 1.86 | 1.86 | 1.86 | 1.70 | 1.69 | 1.69 | 1.69 | 136 | 136 | 1.36 | 136 | 161
2.5 2079.17 16.50 22 22 2.21 2.20 2.02 | 2.03 2.02 2.02 1.83 1.84 1.82 1.83 1.51 1.49 1.48 1.49 1.76
3.5 2910.83 19.70 2.52 2.5 2.51 2.51 232 | 230 | 232 2.31 2.09 | 2.08 | 2.07 2.08 1.76 1.75 1.73 1.75 2.02
4.5 374250 | 21.60 | 272 | 271 | 271 | 271 | 249 | 249 | 247 | 248 | 224 | 226 | 224 | 225 | 1.88 | 1.85 | 1.85 | 1.86 | 2.17
55 457417 | 2450 | 298 | 3 | 299 | 299 | 2.60 | 258 | 259 | 259 | 247 | 246 | 247 | 247 | 211 | 2.08 | 2.08 | 2.09 | 238
6.5 5405.83 26.10 3.07 | 3.06 | 3.07 3.07 272 | 272 | 2.72 272 258 | 259 | 2.59 2.59 217 | 218 | 2.16 2.17 2.48
7.5 6237.50 26.90 3.16 | 3.11 3.14 3.14 279 | 279 | 2.77 2.78 2.63 2,62 | 2.66 2.64 2.21 217 | 2.19 2.19 2.52
8.5 7069.17 | 2890 | 333 | 332 | 334 | 333 | 295 | 298 | 2.95 | 296 | 2.80 | 2.80 | 2.79 | 2.80 | 2.30 | 230 | 232 | 231 | 267
10.5 8732.50 | 30.60 | 3.43 | 341 | 343 | 342 | 3.09 | 3.08 | 3.09 | 3.09 | 293 | 291 | 292 | 292 | 242 | 242 | 243 | 242 | 2.78
11.5 9564.17 32.10 362 | 3.62 | 3.62 3.62 3.21 3.21 B2 3.21 3.02 | 299 | 3.04 3.02 248 | 251 2.52 2.50 2.89
12.5 10395.83 33.10 3.7 3.71 3.7 3.70 327 | 329 | 3.30 3.29 3.08 | 3.10 | 3.03 3.07 256 | 2.56 | 2.59 2.57 2.95
13.5 11227.50 | 34.00 | 3.77 | 3.77 | 379 | 378 | 339 | 336 | 336 | 337 | 3.5 | 3.3 | 3.14 | 3.14 | 260 | 2.61 | 2.62 | 2.61 | 3.01
15.5 12890.83 | 3690 | 4.02 | 4.02 | 404 | 403 | 356 | 356 | 3.59 | 357 | 333 | 331 | 335 | 333 | 275 | 276 | 2797 | 276 | 3.19
16.5 13722.50 37.80 4.11 4.11 4.1 4.11 3.66 | 3.64 | 3.65 3.65 339 | 337 | 3.38 3.38 283 | 281 2.78 2.81 3.25
19.5 16217.50 40.80 434 | 434 | 434 434 383 | 3.82 | 3.84 3.83 3.54 | 3.53 | 3.54 3.54 298 | 295 | 2.96 2.96 3.42
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° oA
AWK UIN 1

° oA
ALK UIN 2

° oA
AV UIN 3

° oA
AV UIN 4

orifice orifice inverter Vi
mm(H20) | mm(air) (Hz) 1 2 3 Lﬂ‘éﬂ 1 2 3 méﬂ 1 2 3 m?ﬁ'ﬂ 1 2 3 Lﬂéﬂ m/s
23.5 19544.17 44.10 4.61 4.63 | 4.61 4.62 4.06 | 4.09 | 4.08 4.08 370 | 3.72 3.67 3.70 3.09 | 3.06 | 3.07 3.07 3.58
255 21207.50 46.20 477 | 478 | 4.79 4.78 422 | 421 4.23 4.22 384 | 3.80 3.81 3.82 319 | 3.18 | 3.19 3.19 3.71
27.5 22870.83 48.10 492 | 494 | 494 4.93 432 | 432 | 432 4.32 3.87 | 3.88 3.89 3.88 324 | 322 | 321 3.22 3.78
29.5 24534.17 50.10 5.1 512 | 5.11 5.11 445 | 445 | 4.45 4.45 395 | 3.99 3.95 3.96 330 | 324 | 3.29 3.28 3.86
31.5 26197.50 51.90 523 | 524 | 5.23 5.23 454 | 454 | 454 4.54 4.04 | 4.04 3.98 4.02 332 | 334 | 334 3.33 3.93
335 27860.83 53.50 5.35 537 | 5.36 5.36 463 | 464 | 4.68 4.65 4.09 | 4.08 4.08 4.08 338 | 3.37 | 343 3.39 4.01
355 29524.17 55.10 549 | 548 | 548 5.48 472 | 475 | 4.73 4.73 4.12 | 4.11 4.11 4.11 349 | 346 | 346 3.47 4.07
37.5 31187.50 56.60 5.6 5.6 5.6 5.60 4.81 4.83 | 4.83 4.82 4.16 | 4.11 4.12 4.13 3.48 | 3.47 | 3.46 3.47 4.11
39.5 32850.83 58.20 5.73 5.7 5.72 5.72 491 490 | 491 4.91 422 | 420 | 4.20 421 353 | 3.52 | 354 3.53 4.18
41.5 34514.17 59.80 586 | 5.82 | 5.84 5.84 5.03 | 498 | 4.98 5.00 422 | 422 4.18 4.21 3.54 | 3.50 | 3.55 3.53 4.21
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= 9y Y 9 = A a = <
AMTNN V2. 1 GU’EJlIUfIﬂ"IS'VIﬂﬁ@\ii’)ﬂllﬁ\ﬁﬂllﬂa@ﬂﬂqmﬂﬂuﬂ 100 DAL ALKYET AITNLTI 2 LUAT

1 a =) QSJ} d'
ABIUIN ATIN 1

msnfunde DINADULLI 2 INALIAG O
A3 ATy ATy quvgiiman | quugi -
Y . Y g e o RH RH Yl
UMY | WasTMen | AIIMUNG | Andein | neeen
y (%) (%) (°0)

(min) (%w.b.) (%d.b.) AUVU (°C) (°C)

0 21.99 28.19

5 21.89 28.02 41.73 51.23

10 21.59 27.53 36.10 68.83

15 21.57 27.51 34.80 74.83

20 21.32 27.09 34.57 75.50

25 21.16 26.84 34.67 76.53

30 21.23 26.96 35.10 72.57

35 21.02 26.61 35.53 72.70

40 20.87 26.38 35.53 72.63

45 20.77 26.21 35.63 72.60

50 20.67 26.06 35.67 72.57

55 20.48 25.76 35.63 71.77

60 20.39 25.61 35.80 72.03

70 20.14 25.22 35.97 70.43

80 19.85 24.76 36.43 68.07

90 19.63 24.43 36.80 64.47

100 19.28 23.89 37.40 63.30

110 19.34 23.98 37.07 64.53

120 19.01 23.47 36.90 65.80

130 18.72 23.03 36.97 64.20

140 18.31 22.41 37.00 63.17

150 17.93 21.85 37.30 59.77

160 17.69 21.49 37.13 62.63

170 17.44 21.12 36.53 65.30

180 17.11 20.64 36.23 65.63

190 16.63 19.95 36.20 64.33 78.74 30.34

200 16.61 19.92 36.20 64.40 80.69 30.10

210 16.36 19.56 36.23 64.80 78.89 30.04
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= 9y Y 9 = A a = <
AT NN V2. 2 GU’EJlIUﬁﬂ"li‘VIﬂﬁ@ﬂi’)ﬁuﬁ\ﬁﬂllﬂa@ﬂﬂqmﬂﬂuﬂ 100 DAL ALKYET AITNLTI 2 LUAT

1 a = 3 d' 1
A9IUIN ATIN 1 (7D)

MINAURTY 2IMAD UL 2 IMALIAADY
1213 ATy ATy quvgiiman | quugl -
Y . Y g de o RH RH QU
puura | Wasgilen | wasguene | Amndwin | neesn

y (%) (%) 0
(min) (%w.b.) (%d.b.) AUUU (°C) (°0)
220 16.17 19.29 36.40 64.40 75.53 30.20
230 15.92 18.94 36.80 61.20 7591 30.33
240 15.75 18.69 37.80 57.00 71.49 30.53
250 15.48 18.31 36.60 61.43 68.89 30.77
260 15.24 17.98 36.90 60.30 67.33 30.88
270 15.05 17.71 37.20 60.17 66.76 30.85
280 14.87 17.47 37.13 61.10 66.17 31.37
290 14.59 17.09 37.10 60.73 66.80 31.53
300 14.37 16.78 37.10 61.33 68.16 31.64
310 14.31 16.70 37.13 60.83 70.05 31.69
320 14.05 16.35 37.30 60.73 70.15 31.66
330 13.82 16.04 37.47 59.67 73.77 31.67
340 13.66 15.82 37.57 57.07 73.18 31.76
350 13.55 15.67 38.13 54.90 69.44 31.74
360 13.42 15.50 37.23 60.30 70.36 30.38
370 13.24 15.26 36.93 61.67 72.97 30.29
380 13.05 15.01 36.90 60.77 80.11 30.31
390 13.06 15.02 37.10 61.90 76.13 30.23
400 12.86 14.76 37.07 59.80 81.88 30.08
410 12.74 14.59 37.93 56.50 79.48 30.12
420 12.63 14.46 38.70 55.07 79.60 29.76
430 12.51 14.29 38.87 54.80 82.73 29.26
440 12.42 14.18 38.90 53.70 84.57 29.39
450 12.32 14.05 38.63 53.57 80.70 29.80
460 12.17 13.86 38.20 54.03 79.59 29.63
480 12.01 13.65 37.80 53.30 79.59 29.63
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= 9y Y 9 = A a = <
AT NN V2. 3 ﬁumquam'ﬁnﬂam@mmwmﬂa@ﬂmqmwﬂuu 100 DAL ALKYET AITNLTI 2 LUAT

1 a =) QBJI d‘
AOIUIN ATIN 2

A5 19AIRAY PIMAD VLN 2IMALIAADY
nems | Ay — gangida gaungil _
, ) e RH RH quvig
PUUKY | 11AITIU | 1NATTIU Tfdein 900N
(%) (%) (°C)
(min) | @on%wb) | UHI(%db) FAUVU(CC) (°C)
0 22.18 28.50 28.40 63.13 13.60 60.10 29.77
5 21.87 27.99 29.37 41.30 50.33 59.53 30.65
10 21.66 27.66 31.33 36.83 64.80 58.30 31.00
15 21.68 27.68 32.50 35.17 72.40 58.47 30.87
20 21.58 27.52 33.29 34.73 75.97 58.91 31.31
25 21.42 27.26 33.85 34.73 76.43 58.26 31.47
30 21.10 26.74 34.34 34.70 76.30 57.86 31.01
35 21.00 26.59 3476 34.90 76.50 59.20 30.78
40 20.90 26.42 35.12 35.03 76.13 60.31 30.98
45 20.77 26.21 35.42 35.10 75.60 60.62 30.51
50 20.62 25.97 35.64 3523 74.70 61.53 30.45
55 2037 25.59 35.89 35.40 73.53 61.69 30.73
60 20.14 25.21 36.02 35.47 73.33 61.28 30.67
70 19.96 24.94 36.34 35.50 72.43 62.24 30.43
80 19.65 24.46 36.46 35.70 70.43 61.02 30.55
90 19.36 24.01 36.65 36.03 68.33 5834 31.09
100 19.08 23.58 36.91 36.27 66.93 56.38 31.53
110 18.78 23.13 37.09 36.40 66.47 56.32 31.38
120 18.39 22.53 37.29 36.80 63.70 56.48 31.50
130 18.08 22.07 37.44 36.97 62.53 55.81 31.67
140 17.79 21.63 37.58 37.20 59.97 55.79 31.44
150 17.50 21.21 37.61 36.80 62.00 55.82 31.57
160 17.21 20.79 37.66 36.77 61.90 55.89 31.64
170 16.88 20.30 37.77 36.80 61.27 5578 31.69
180 16.87 20.30 37.86 36.90 60.80 55.41 31.71
190 16.62 19.93 37.90 37.10 59.00 54.92 32.05
200 16.36 19.56 38.02 37.10 59.97 54.42 32.01
210 15.97 19.01 38.23 37.20 57.77 53.64 32.09
220 15.67 18.58 38.31 37.27 57.67 52.91 32.30
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= 9y Y 9 = A a = <
MTNN V2. 4 ﬁumquam'ﬁnﬂam@mmwmﬂa@ﬂmqmwﬂuu 100 DAL ALKYET AITNLTI 2 LUAT

1 a = 0’.1‘ d' A
A9IUIN ATIN 2 (7D)

A5 19AIRAY 2INMADULH 21IMALINADN
nems | Ay — gangida gaungil
y v do RH RH -
PUNKY | 11ATTIW | MIAITIU ARV L RN 19000 guNYI(°C)
(%) (%)

(min) | @on%wb) | UHI(%db) FAUVU(CC) (°C)
240 15.01 17.66 38.61 37.50 56.20 54.06 32.14
250 14.80 17.37 38.69 37.60 55.70 54.01 32.26
260 14.58 17.07 38.84 37.60 56.03 53.67 3237
270 14.30 16.69 38.98 37.53 55.20 52.55 3241
280 14.05 16.35 39.02 37.60 54.57 52.40 32.03
290 13.81 16.03 39.08 37.53 54.60 52.73 31.62
300 13.48 15.58 39.20 37.60 54.50 53.52 32.13
310 1321 15.22 39.38 37.63 5327 53.06 3224
320 12.97 14.90 39.49 37.80 52.13 52.46 32.38
330 12.70 14.55 39.64 37.80 52.67 52.75 3241
340 12.51 14.30 39.77 37.90 52.67 52.99 3236
350 12.33 14.06 39.99 38.10 51.20 5222 32.53
360 12.08 13.74 40.08 38.50 48.43 52.16 3243
370 11.87 13.47 40.19 38.50 47.87 50.88 32.55
380 11.64 13.18 39.50 38.50 4773 50.44 3222
390 11.37 12.82 39.04 38.40 4773 50.56 32.14
400 11.16 12.56 40.59 38.70 46.47 50.88 32.44
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= 9y Y 9 = A a = <
ATNN V2. 5 GU’EJlIUﬁﬂ"li‘VIﬂﬁ@ﬂi’)ﬁuﬁ\ﬁﬂllﬂa@ﬂﬂqmﬂﬂuﬂ 100 DAL ALKYET AITNLTI 2 LUAT

1 a =) Qsll d'
ABIUIN ATIN 3

ﬂﬁNﬂ'Wméﬂ ﬂWﬂWﬁﬂ‘Uuﬁ’\i ﬂWﬂWﬁLL’Jﬂ{{BM
IAINIT ﬂ’ﬂll"‘]ﬂ;/u mméf’:u Qmwgﬁmaﬂ qmwgﬁ
v v v do RH RH -
DULNI V133U WIATTIULYN V1INOINN NN QQAWQN("C)
(%) (%)
(min) iAon(©%wb) (%db) AUVU(CC) (°C)

0 22.12 28.40 29.30 69.40 | 11.33 55.50 31.44
5 21.71 27.74 30.33 4320 | 4653 56.34 31.55
10 21.52 27.43 32.49 37.80 63.53 56.31 31.55
15 21.49 27.38 33.66 36.20 70.83 56.21 31.67
20 21.40 27.23 34.59 3570 | 7347 56.16 31.79
25 2121 26.93 35.11 3557 | 74.80 56.19 31.66
30 20.87 26.38 35.54 35.60 75.23 56.55 31.73
35 20.80 26.26 35.92 35.80 73.73 56.21 31.76
40 20.65 26.03 36.17 36.00 | 73.10 55.76 31.84
45 20.49 25.77 36.43 3610 | 7347 55.95 32.07
50 20.35 25.55 36.70 36.40 71.67 54.84 32.10
55 20.26 25.42 36.95 36.60 71.07 54.65 31.99
60 20.00 25.00 37.21 36.80 | 70.80 54.48 3221
70 19.62 24.42 37.50 37.10 | 68.40 54.20 32.32
80 19.47 24.18 37.81 37.30 67.73 53.88 32.38
90 19.01 23.48 38.16 37.70 65.30 53.80 32.32
100 18.73 23.05 38.43 38.00 | 63.67 53.52 32.60
110 18.41 22.57 38.59 38.00 | 63.93 53.11 32.65
120 18.09 22.09 38.82 38.20 62.93 53.17 32.85
130 17.85 21.73 38.94 38.00 62.97 54.62 32.68
140 17.49 21.19 39.05 3820 | 62.73 53.85 32.72
150 17.40 21.06 39.15 3820 | 60.83 5237 32.88
160 16.91 20.35 39.19 38.30 59.43 51.49 32.73
170 16.74 20.11 39.22 38.30 58.73 51.35 32.88
180 16.51 19.77 39.34 3830 | 57.90 50.66 32.94
190 16.17 19.29 39.23 3833 | 56.80 50.56 32.95
200 15.84 18.83 39.22 38.20 56.40 50.40 32.66
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= 9y Y 9 = A a = <
AT NN V2. 6 ﬁuauuaﬂ1s1nﬂamammwmﬂaaﬂmqmwgu 100 DAL ALKYET AITNLTI 2 LUAT

1 a = 3 d' 1
ADIUIN ATIN 3 (D)

A1 NAIRGY PINADULT 21MAIAR DN
A1 AWy ANy QuUUQUIAn | guNil -
punte | wasguidlen | wasgiuura Fniigain | meeen R RHL | an
y (%) (%) (°C)
(min) (%wb) (%db) ANUVU(°C) (°C)
220 15.11 17.79 39.34 38.47 55.83 50.26 32.65
230 14.89 17.49 39.50 38.40 55.17 49.60 33.00
240 14.58 17.06 39.67 38.70 54.60 49.76 33.19
250 14.72 17.26 39.81 38.60 54.63 50.85 32.98
260 14.13 16.45 39.88 38.40 54.43 53.29 32.54
270 13.74 1593 39.88 38.17 55.07 55.33 32.24
280 13.60 15.74 39.94 38.00 54.87 54.74 32.10
290 13.33 15.39 39.89 38.00 54.13 56.27 31.75
300 13.13 15.12 39.93 37.97 53.80 58.47 31.45
310 12.92 14.84 39.99 37.90 53.60 58.43 31.29
320 12.64 14.48 39.88 37.80 54.20 61.39 30.81
330 12.47 14.25 39.92 37.80 54.33 64.46 30.39
340 12.25 13.96 40.03 37.60 50.73 64.15 30.61
350 12.11 13.78 40.00 37.30 55.10 64.59 30.44
360 11.93 13.55 39.98 37.50 54.73 67.47 29.95
370 11.79 13.36 40.06 37.57 53.93 69.03 29.91
380 11.60 13.12 40.19 37.60 53.30 67.28 30.24
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= 9y Y 9 = A a = <
ATNN V2. 7 GU’EJlIUﬁﬂ"li‘VIﬂﬁ@ﬂi’)ﬁuﬁ\ﬁﬂllﬂa@ﬂﬂqmﬂﬂuﬂ 130 DAL ALKYT AITNLTI 2 LUAT

1 a =) Qsll d'
ADIUIN ATIN 1

MINAURTY PIMABUIN 2IMAIARDY
a3 ATy Ay | qungiinia R R
ouufe | wnsgwidlon | asgnda | dndigain R i i R

) n9een(°C) | (%) (%) (°C)

(min) (%wb) (%db) AUUU(°C)
0 21.87 27.99 63.00 30.39
5 21.67 27.66 46.80 41.50 62.33 30.56
10 21.63 27.60 27.36 39.27 6293 | 6330 30.55
15 21.53 27.43 28.08 37.40 7060 | 63.02 30.57
20 21.35 27.14 29.14 36.57 75.70 62.22 30.38
25 21.09 26.73 30.22 36.50 75.90 61.60 30.39
30 20.73 26.15 3112 36.70 7583 | 61.78 30.97
35 20.70 26.10 32.63 36.93 7507 | 61.14 30.93
40 20.68 26.07 32.81 37.20 74.27 60.53 30.69
45 20.55 25.86 33.06 37.50 72.40 60.17 30.50
50 20.35 25.54 33.67 37.80 7147 | 61.76 30.85
55 2021 25.33 3425 38.00 7143 | 61.26 3132
60 19.91 24.86 35.05 38.30 69.77 61.42 31.26
70 19.77 24.64 36.23 38.53 68.50 60.34 31.04
80 19.18 23.73 37.06 38.80 67.07 | 60.47 30.96
90 19.01 23.47 37.63 39.00 66.13 | 60.71 3122
100 18.59 22.84 37.96 39.27 65.43 61.30 31.55
110 18.18 22.22 37.49 39.47 63.37 60.21 31.61
120 17.85 21.73 37.84 39.50 63.17 | 59.51 3161
130 17.67 21.47 38.57 39.63 62.50 | 59.42 32.09
140 17.14 20.69 38.07 39.90 62.40 58.55 32.52
150 16.91 20.35 40.46 40.10 59.83 58.71 31.99
160 16.62 19.93 38.66 40.10 59.13 | 5854 31.63
170 16.20 19.33 38.59 40.00 59.60 | 59.66 31.64
180 15.96 19.00 40.20 40.03 59.47 65.13 31.04
190 15.65 18.56 40.94 39.73 57.70 69.20 29.99
200 15.27 18.02 40.82 39.20 56.97 | 67.29 29.85
210 14.91 17.53 40.46 38.97 56.87 | 70.26 29.22
220 14.70 17.23 40.25 38.80 57.43 72.15 28.87
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= 9y Y 9 = A a = <
AT NN V2. 8 GU’EJlIUﬁﬂ"li‘VIﬂﬁ@ﬂi’)ﬁuﬁ\ﬁﬂllﬂa@ﬂﬂqmﬂﬂuﬂ 130 DAL ALKYT AITNLTI 2 LUAT

1 a = 3 d' 1
A9IUIN ATIN 1 (7D)

MINAURTY PIMABUIN 2IMAIARDY
a3 ATy Ay | qungiinia R R
ouufe | wnsgwidlon | asgnda | dndigain R i i R

) n9een(°C) | (%) (%) (°C)

(min) (%wb) (%db) AUUU(°C)
230 14.34 16.74 39.77 38.80 57.47 77.61 27.95
240 14.14 16.47 39.21 38.53 57.40 80.03 27.86
250 13.94 16.19 39.41 38.43 57.03 | 81.70 2757
260 13.73 15.91 38.79 38.37 5633 | 8212 27.55
270 13.57 15.70 38.08 38.20 56.77 81.25 27.48
280 13.56 15.69 38.16 38.20 56.47 80.76 27.82
290 13.22 15.23 3775 38.27 5637 | 80.31 27.73
300 12.99 14.93 38.05 38.40 5477 | 7884 27.82
310 12.66 14.49 38.06 38.43 54.63 81.21 27.76
320 12.50 14.29 37.56 38.80 53.93 83.17 27.64
330 12.30 14.03 37.99 39.10 5370 | 87.02 27.61
340 12.13 13.80 37.99 39.43 5223 | 85.39 27.69
350 11.94 13.56 37.94 39.73 51.67 86.01 27.42
360 11.73 13.29 38.10 40.00 50.40 85.81 27.67
370 11.58 13.09 3791 40.00 4990 | 83.86 27.69
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= 9y Y 9 = A a = <
AT NN V2. 9 GU’EJlIUﬁﬂ"li‘VIﬂﬁ@ﬂi’)ﬁuﬁ\ﬁﬂllﬂa@ﬂﬂqmﬂﬂuﬂ 130 DAL ALKYT AITNLTI 2 LUAT

1 a =) Qsll d'
ABIUIN ATIN 2

ﬁﬁNﬂlnﬂéﬂ ﬂWﬂWﬁﬂ‘U!Lﬁ}\i ’ﬂWﬂWﬁLHﬂé}@N
101 mm&f;’u ATy gangiidn | quugil -
] 9 Y Ao RH RH qmﬂ@.“
DULNI V13T VIATTIUUNN V1ININD NNDON

(%) (%) (°C)

(min) | en(%wb) (%db) AMUVUCC) (°C)
0 2231 28.71 28.40 61.43 20.80 60.10 29.77
5 21.83 27.93 31.50 48.00 40.37 56.43 30.70
10 21.60 27.55 33.62 39.80 59.13 57.23 30.81
15 21.09 26.73 34.27 37.83 66.37 57.33 30.54
20 21.17 26.87 35.40 36.93 70.40 56.50 30.39
25 21.24 26.97 35.98 36.83 71.03 55.59 30.47
30 21.11 26.75 36.65 36.83 71.50 56.59 30.75
35 20.83 26.31 37.21 37.10 70.87 56.05 30.73
40 20.73 26.15 37.59 37.30 69.70 55.47 30.75
45 20.49 25.77 38.02 37.50 69.77 54.94 30.76
50 20.34 25.53 38.33 37.80 67.03 55.31 31.21
55 20.13 25.20 38.67 38.07 67.00 54.06 31.29
60 19.98 24.96 38.86 38.20 67.66 54.20 31.84
70 19.63 24.43 39.27 38.43 65.57 53.90 31.47
80 19.28 23.89 39.70 38.77 62.57 52.67 31.37
90 18.67 22.96 39.95 39.03 60.83 53.02 31.39
100 18.61 22.86 40.22 39.33 59.70 52.71 31.34
110 18.19 2224 4048 39.50 58.53 52.72 31.55
120 17.78 21.62 40.68 39.70 57.03 51.15 31.53
130 17.45 21.13 40.85 39.77 56.03 50.52 31.67
140 17.00 20.49 40.97 39.87 55.10 51.08 31.80
150 16.51 19.78 41.00 40.00 54.53 51.61 32.15
160 16.29 19.46 41.14 40.00 54.60 51.03 32.14
170 15.88 18.88 41.25 40.20 52.23 50.18 31.98
180 15.50 18.34 4137 40.13 52.70 51.22 32.34
190 15.17 17.88 4141 40.23 51.10 50.58 32.39
200 14.74 17.29 41.60 40.10 50.27 50.65 32.15
210 14.40 16.82 41.65 40.30 49.60 50.95 32.15
220 13.97 16.24 41.94 40.50 49.33 50.49 32.30
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= 9y Yy 9 = A a = <
AT NN V2. 10 EU’EJllUfIﬂ1§1/lﬂﬁ@\i@ﬂl!ﬁ\ﬂﬂﬂlﬂa@ﬂﬂqmﬂﬂuﬂ 130 DIAULALKYET AINLTI 2 LUAT

1 a = z d' 1
A9IUIN ATIN 2 (7D)

A5 19AUNAY DIMAD VLA 2INALIARDY
1813 ANUFY ANUFY gangiidn | quugil N
) ) v du RH RH gungll
DULHI AT WATYUURS | 91060 | neeen
- v (%) (%) (°C)
(min) Wen(%wb) (%db) ATUVU(°C) (°C)
230 13.64 15.80 42.11 40.57 48.23 49.83 32.56
240 13.36 15.43 42.36 40.70 47.27 48.39 32.00
250 13.00 14.94 42.58 40.93 47.10 51.11 32.03
260 12.68 14.52 42.78 41.53 44.00 53.00 31.68
270 12.40 14.16 43.13 41.57 51.13 54.17 31.47
280 12.10 13.77 43.04 40.20 46.83 54.93 31.47
290 11.76 13.32 43.19 40.70 45.77 54.80 31.59
300 11.58 13.10 43.63 40.80 45.70 55.36 31.50
310 11.28 12.71 43.85 41.17 43.77 55.16 31.56
320 11.08 12.46 44.12 41.57 42.80 54.74 31.55
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= 9y Yy 9 = A a = <
AMTNN V2. 11 EU’EJllUfIﬂ”lﬁ‘VIﬂﬁ@\i@ﬂl!ﬁ\ﬂﬂﬂlﬂﬁ@ﬂﬂqmﬂﬂuﬂ 130 DIAULALKYET AINLTI 2 LUAT

" a A oA
ADIUIN ATIN 3

A5 9AURAY

ﬂWﬂWﬁﬂ‘U!!ﬁ}\i

ﬂWﬂWﬁLL’Jﬂé}ﬂM

1AM ATy ATy guvgiiwan | quwgil -
Y . Y g A RH RH | guHgi
UMY | 1asTIuden | MAIFIMUNG V1INDIND NN

y (%) (%) (°0)

(min) (%wb) (%db) AUUU(C) (°O)
0 22.08 28.33 28.40 80.70 7.63 52.70 32.86
5 21.89 28.03 30.32 48.03 37.63 53.42 32.78
10 21.74 27.78 33.28 40.47 58.87 53.70 32.75
15 21.56 27.49 34.91 38.20 67.33 51.38 33.09
20 2141 27.24 35.94 37.57 70.90 51.54 33.06
25 21.27 27.02 36.71 37.40 72.00 51.09 33.11
30 20.86 26.35 37.28 37.60 71.83 50.91 33.08
35 20.73 26.15 37.92 37.80 70.93 51.88 32.78
40 20.59 25.93 38.35 38.13 70.00 51.86 33.04
45 20.40 25.64 38.75 38.40 67.90 51.42 33.03
50 20.22 25.34 39.11 38.73 67.40 51.11 33.23
55 20.04 25.07 39.40 38.93 66.10 51.63 33.21
60 19.64 24.44 39.69 39.10 64.20 51.04 33.20
70 19.39 24.05 39.98 39.40 64.23 51.84 33.31
80 19.01 23.48 40.44 39.80 62.97 52.03 33.37
90 18.61 22.87 40.83 40.00 61.17 52.54 33.08
100 18.27 22.35 41.07 40.20 59.53 51.49 33.22
110 17.89 21.79 4131 40.40 58.70 50.85 33.61
120 17.33 20.96 41.48 40.70 57.40 49.33 34.04
130 16.92 20.36 41.71 40.70 56.43 49.73 33.52
140 16.64 19.96 41.84 40.80 55.77 51.26 33.54
150 16.21 19.34 41.85 41.10 53.27 49.61 33.51
160 15.84 18.82 41.95 41.13 52.70 50.33 33.53
170 15.48 18.32 42.11 41.40 51.63 49.95 33.88
180 15.15 17.85 42.38 41.50 51.13 50.23 33.78
190 14.75 17.30 42.57 41.70 50.07 50.73 33.85
200 14.43 16.86 42.78 41.80 49.70 50.63 33.77
210 14.28 16.66 42.98 42.00 48.53 50.06 34.08
220 13.78 15.99 43.22 42.20 47.30 49.31 33.98




176

= 9y Yy 9 = A a = <
ATNN V2. 12 EU’EJllUfIﬂ1§1/lﬂﬁ@\i@ﬂl!ﬁ\ﬂﬂﬂlﬂa@ﬂﬂqmﬂﬂuﬂ 130 DIAULALKYET AINLTI 2 LUAT

1 a = 0’1’ d‘ 1
ADIUIN ATIN 3 (D)

MINAURTY 2IMAD UL 2 IMALIAADY
1AM ANUFY AN guvgiiwan | quwgil -
Y . Y g de RH RH | guHgi
UMY | 1asTIuden | MAIFIMUNG V1INDIND NN
y (%) (%) (°0)
(min) (%wb) (%db) AUUU(C) (°O)
230 13.47 15.57 43.40 42.20 46.20 48.37 34.08
240 12.99 14.93 43.54 42.33 45.00 47.60 34.00
250 12.64 14.46 43.74 42.77 43.37 47.95 33.82
260 12.36 14.11 44.11 44.20 47.07 48.01 33.83
270 12.05 13.70 44.44 42.30 44.53 48.50 33.69
280 11.81 13.39 44.55 42.10 45.23 51.37 33.29
290 11.56 13.07 44.76 42.00 45.80 53.72 33.01
300 11.22 12.64 44.78 41.80 45.57 55.83 32.46
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= 9y Yy 9 = A a = <
ATNN V2. 13 EU’EJNUEIﬂ”lﬁ‘VIﬂﬁ@\i@ﬂl!ﬁ\ﬂﬂﬂlﬂa@ﬂﬂqmﬂﬂuﬂ 150 DAL ALKYET AINLTI 2 LUAT

v,
ADIUIN ATIN 1
9’”51\1?1'1!515'8 ﬂTﬂTﬁ'ﬂ‘ULLﬁ}Q 'E]WfﬂﬁLL'Jﬂé}ﬂlJ

M3 ATy ATy QuUUYUILAA | gungil -

punre | wasgidlen | wasgiu Fnidain | maoen R . A
v v (%) (%) (°C)

(min) (%wb) Wi %db) | dmuuee) | co)

0 2223 28.58 87.37 6.00 74.30 28.50
5 21.91 28.06 35.44 4863 | 39.60 557 33.76
10 21.69 27.70 35.41 40.10 60.73 43.30 33.73
15 21.47 27.35 35.10 37.53 70.83 43.00 33.50
20 2135 27.15 35.79 3690 | 74.40 4330 34.07
25 2112 26.78 36.76 3700 | 7467 4397 34.82
30 20.92 26.45 36.32 37.30 72.83 43.47 34.49
35 20.69 26.09 36.40 37.50 72.43 43.17 34.52
40 20.64 26.01 35.56 3783 | 7143 43.03 33.84
45 2037 2557 37.19 3813 | 71.03 44.03 35.14
50 20.18 25.28 37.81 38.40 70.70 45.13 35.61
55 19.95 24.92 37.82 38.60 70.47 45.10 35.57
60 19.71 2455 3731 3870 | 69.83 44.80 35.23
70 1937 2402 33.20 3940 | 6657 73.38 29.02
80 19.04 23.52 34.81 39.90 65.53 74.36 29.18
90 18.46 22.64 35.64 39.97 65.23 75.64 29.28
100 1834 2246 35.60 40.00 | 6447 76.42 2922
110 17.90 21.80 3437 40.13 | 6327 7473 29.18
120 17.65 21.43 34.73 40.57 61.40 72.57 29.35
130 17.26 20.86 35.51 40.77 60.90 71.67 29.68
140 16.81 2020 36.69 4093 | 60.03 71.99 29.74
150 16.40 19.62 35.75 4120 | 5823 72.77 29.49
160 15.98 19.01 37.56 41.67 56.73 73.49 29.42
170 15.73 18.66 36.20 41.97 53.53 72.75 29.44
180 15.28 18.04 35.61 0263 | 49.53 71.51 29.49
190 14.86 17.45 36.02 053 | 51m 70.70 2975
200 14.48 16.93 36.03 41.27 54.73 69.20 29.86
210 14.11 16.43 36.54 41.20 53.23 67.51 30.17
220 13.77 15.97 37.05 4157 | 5127 65.41 3032
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= 9y Yy 9 = A a = <
ATNN V2. 14 EU’EJNUEIﬂ”lﬁ‘VIﬂﬁ@\i@ﬂl!ﬁ\ﬁﬂﬂlﬂa@ﬂﬂqmﬂﬂuﬂ 150 DAL ALKYET AINLTI 2 LUAT

1 a = 0’.1’ d' A
A9IUIN ATIN 1 (71D)

MINAUNAY 2IMAD UL 2 IMALIAADY
1AM ANUTY ANUAY guUUQINaR | aungl -
Y - g Ao RH RH U
U | wasguidlen | eI VININN | NN
) ) (%) (%) O
(min) (%wb) un(%db) ATUUU(C) (°C)
230 13.45 15.53 37.44 41.47 51.13 64.20 30.21
240 13.45 15.54 37.61 41.70 49.43 63.97 30.49
250 13.22 15.23 36.14 41.70 50.13 63.34 30.43
260 12.96 14.89 36.92 42.50 46.60 63.12 30.50
270 12.63 14.46 36.47 42.00 48.23 63.30 30.62
280 12.42 14.18 36.35 42.17 46.20 62.39 30.32
290 11.95 13.57 36.76 42.17 46.30 62.93 30.27
300 11.70 13.25 37.15 42.50 44.30 63.89 30.41
310 11.31 12.75 37.51 42.73 43.30 62.78 30.26




179

= 9y Yy 9 = A a = <
ATNN V2. 15 EU’EJNUEIﬂ”lﬁ‘VIﬂﬁ@\i@ﬂl!ﬁ\ﬂﬂﬂlﬂa@ﬂﬂqmﬂﬂuﬂ 150 DAL ALKYET AINLTI 2 LUAT

v,
ADIUIN ASIN 2
9’”51\1?1'1!515'8 ﬂWﬂWﬁﬂULLﬁ}Q fﬂfﬂﬁ!nﬂ'gﬂﬂ

M3 ATy ATy QUUYNINAR | QuuQ -

Uy | wasgmidlon | 1asgiu Fddain N1909N . R am
y v (%) (%) (°C)

(min) (%wb) WA %db) | @unuEC) ©C)

0 2221 28.56 2830 95.87 4.60 56.00 30.40
5 22.00 28.20 31.60 53.17 3273 | 55.69 3031
10 21.98 28.17 33.72 42.33 56.70 54.75 30.65
15 21.62 27.58 35.57 38.90 71.43 54.08 30.75
20 2142 2727 3670 38.10 7050 | 5347 30.77
25 2123 26.95 3756 38.60 68.07 | 5429 3097
30 21.09 26.73 37.69 38.80 68.27 53.14 30.93
35 20.83 26.31 37.63 38.80 68.27 52.94 30.92
40 20.65 26.02 3827 39.37 773 | 5339 3124
45 20.53 25.83 37.88 39.30 6457 | 5279 3121
50 20.24 25.37 39.65 40.00 62.37 53.37 31.36
55 20.04 25.06 40.32 40.50 61.10 54.28 31.69
60 19.80 24.69 40.80 40.77 6023 | 5345 3159
70 1932 23.94 4131 4130 5843 | 5332 3157
80 18.97 23.41 41.76 41.50 57.30 54.18 32.03
90 18.47 22.65 42.15 41.90 54.47 52.50 31.63
100 17.98 21.93 451 42.10 5420 | 5251 31.64
110 17.66 21.45 4264 4220 5317 | 5219 31.64
120 17.32 20.95 42.93 42.83 50.17 52.15 32.02
130 16.55 19.84 43.29 44.67 53.50 51.18 32.16
140 16.02 19.08 8347 42.63 4840 | 50.12 32.12
150 15.59 18.47 461 4300 | 4813 | 5015 3237
160 15.06 17.73 43.92 43.30 47.57 50.20 32.47
170 14.77 17.33 44.16 43.50 45.77 49.93 32.45
180 14.34 16.74 44.42 8370 | 4577 | 4977 32.50
190 13.91 16.16 4470 4380 | 4457 | 4992 32.62
200 13.65 15.81 4522 43.97 43.63 49.63 32.63
210 13.11 15.08 45.03 44.10 42.60 49.35 32.50
220 12.68 14.52 4534 4427 4133 | 4879 32.68
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= 9y Yy 9 = A a = <
AT NN V2. 16 EU’EJNUEIﬂ”lﬁ‘VIﬂﬁ@\i@ﬂl!ﬁ\ﬁﬂﬂlﬂa@ﬂﬂqmﬂﬂuﬂ 150 DAL ALKYET AINLTI 2 LUAT

1 a = 0’.1’ d' A
A9IUIN ATIN 2 (7D)

A5 9AURAY DIMADVUNA 2IMALIAGDY
A3 ANV AN QUNYUNAA gl -
Y . b du RH RH QUi
puuiy | wmasgidlen | wasgu F1N0aNn 19900
! ; w | @ | co
(min) (%wb) UH(%db) AMUVUCC) (°0)
230 12.38 14.13 45.60 4433 40.60 48.28 32.51
240 11.87 13.46 45.87 44.43 39.53 48.81 32.40
250 11.64 13.17 46.15 44.70 39.10 49.65 32.65
260 11.35 12.80 46.49 45.50 35.90 49.85 32.44
270 11.06 12.44 46.79 45.90 35.00 50.38 32.29
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= 9y Yy 9 = A a = <
ATNN V2. 17 EU’EJllUfIﬂ”lﬁ‘VIﬂﬁ@\i@ﬂl!ﬁ\ﬂﬂﬂlﬂﬁ@ﬂﬂqmﬂﬂuﬂ 150 DAL ALKYET AINLTI 2 LUAT

" a A oA
ADIUIN ATIN 3

asAIRae PIMABULNA 21MANAZ L
1A1M3 ANy A gangiaa QUNYI -
puurs | wasguidlen | wasgiu $iidain 719000 R R A

y y (%) (%) (°C)

(min) (%owb) UY(%db) ANUVU(°C) (°0)
0 22.46 28.97 29.70 72.47 10.20 48.20 30.67
5 21.84 27.95 31.22 48.00 40.60 58.28 30.72
10 21.83 27.92 33.92 41.07 58.00 58.69 30.67
15 21.45 27.31 3527 38.50 68.17 58.79 30.53
20 21.18 26.87 36.31 37.53 73.30 57.77 30.51
25 21.04 26.65 37.26 37.40 75.30 57.30 30.68
30 20.91 26.44 37.98 37.50 75.33 57.33 31.15
35 20.72 26.13 38.52 37.80 73.80 56.51 31.47
40 20.44 25.69 39.09 38.10 73.23 56.01 31.51
45 20.26 25.42 39.63 38.40 72.13 55.66 31.66
50 20.05 25.08 40.02 38.60 72.07 56.19 32.24
55 19.82 24.72 40.38 38.90 70.27 54.21 32.27
60 19.70 24.53 40.74 39.17 69.47 55.06 32.25
70 19.26 23.86 41.17 39.80 67.07 54.95 32.01
80 18.84 23.22 41.67 39.90 65.83 55.42 32.29
90 18.36 22.50 42.04 40.00 64.70 53.80 32.70
100 17.94 21.86 42.27 40.10 62.63 52.76 32.75
110 17.66 21.45 42.45 40.30 62.80 50.13 33.29
120 17.13 20.68 4271 40.57 60.87 49.59 32.71
130 16.73 20.10 42.88 40.60 59.53 50.27 33.08
140 16.33 19.52 42.95 40.70 57.63 50.10 33.26
150 15.98 19.01 43.03 40.70 57.30 50.61 33.22
160 15.44 18.26 4322 40.90 55.33 50.70 32.68
170 14.91 17.52 43.32 41.10 54.13 51.56 32.48
180 14.41 16.84 43.63 41.30 52.87 51.69 3291
190 14.17 16.51 43.77 41.97 50.17 51.84 33.06
200 13.78 15.99 44.15 42.70 47.07 51.56 33.12
210 13.34 15.39 44.45 44,53 51.27 52.09 33.16
220 12.97 14.91 44.71 41.90 49.77 51.79 3345
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= 9y Yy 9 = A a = <
AT NN V2. 18 EU’EJNUEIﬂ”lﬁ‘VIﬂﬁ@\i@ﬂl!ﬁ\ﬂﬂﬂlﬂa@ﬂﬂqmﬂﬂuﬂ 150 DAL ALKYET AINLTI 2 LUAT

1 a = lel d‘ 1
ADIUIN ATIN 3 (D)

M3 NANRAY 2 IMADULN 2 IMALIAADY
1213 ANNTY Anwiu | quungiiwds gungil -
Y - g de RH RH U
UNHY | asTuiden | nasgu V1INDIND n1900N
y y (%) (%) O
(min) (%wb) Un(%db) ATUUU(C) (°0)
230 12.61 14.43 44.87 41.80 49.47 51.66 33.46
240 12.17 13.85 45.10 41.90 48.70 52.24 33.30
250 11.90 13.50 45.38 42.43 46.77 51.93 33.22
260 11.57 13.09 45.65 42.60 45.27 51.68 33.21
270 11.26 12.68 45.87 43.00 43.87 51.61 33.26
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Genetic algorithm for the selection of rough rice drying model
for the free-fall paddy dryer

T wiams', gitvond figuidisg’ we 1y Sasmyso”

‘mrdnimnssmatona dnindndmnssumand wninodoma TuTadgsuid 9.uasnsin oo

uniiato

mdssinmstunuuhasmindamaaiveimseuctiinnnsasunssuntidinlfon draneremotunudindu
sz Tamiimgeuotdanldendrsgon piionimeuwta 100, 130 uaz 150°C T¥anmTreammimeuuta 2 ms uazszozoaiin
frnlden 1 wiideseumsauinty mn\i’u‘li’sﬁﬂ’i‘in%uiuﬁnnu (Genetic Algorithm) tiadumAnTadovewuiiae mandinmean ims
vt lugiiudiag o i fineandasiunantmaaeouuduniiga il 1ae1§ GA Toolbox ¥e1 1Ny MATLAB 910
mednseidedaueay i uhuuiiae ot un mon Midii mu1:ﬁu‘ﬁqn‘lun:Em1m#uﬁuﬁnﬁmmmnninui‘iﬁﬁmq uas

. £ N - - 4 . oo s s Y
uuumnaqaumrwuuuuuu Two-term exponential I I.Il‘.‘i'[l.l'I‘Ii]'ﬁ1'llfl'.Iﬂlﬂ"l'lll'lH?Tl.l“'l'lll]'ll'lil’ﬂl"lﬂﬁﬂl.lﬂllﬂ'lﬂ'l

K 3 .
Amin: AU T, uuusiaeameul wuuy, wiswunl i maudrs:

Abstract

The purpose of this study was to seek the proper thin-layer rough rice model for the free-fall dryer. Experimental data for
drying temperatures 100, 130 and 150°C, drying velocity 2 m/s and rest period between drying round of 1 minute were fitted into
the 9 theoretical models by a genetic algorithm (GA). The GA Toolbox in MATLAB was used to generate the correlation
coefficients of the models. The best fitting of the expenmental data by these models was specified by comparing the correlation
coefficients, standard errors and mean square deviations. The Midilli model was found to be the most suitable model for drying
condition at high relative hurmidity of ambient air while the Two-term exponential model was most appropriate for ambient air of
low relative humidity.

Keywords: emissions/ fluidized-bed/ rice husk/ vortex
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Mai 4 maians e euly n:é‘maluiuﬁuﬁn%mmmmﬁouqa Tgaamgiiounia 100°c
Model Parameter Value Standard Emor  Correlation MSD (%)
(e) coefl. (1)

Mewton Drying Coefficient, k 0.002025 0.010379 0.598621 0.000110

Page Drying Coefficient, k 0.001937 0.010336 0.59860% 0.000111
Exponent, n 1007810

Henderson and Pabis Dirying Coefficient, k 0.002041 0010199 0.998639 0.000108
Coefficient, a 1004016

Logarihmic Drying Coefficient, k 0.002358 0.009514 0.998813 0.000096
Coefficient, a 0.921174
Coefficient, a, 0.088505

Two-term exponent Coefficient, a, 1.008498 0.010027 0.998687 0.000109
Drying Coefficient, k, 0.002057
Coefficient, a, -0.012349
Drying Coefficient, k, 0.042789

Geometric Coefficient, a 1.721333 0.089304 0.906856 0.008282
Exponent, n 0.192350

Wang and Singh Coefficient, a, -0.001979 0.008041 0.999221 0.000067
Coefficient, a, 1.491E-06

Midilli Coefficient, a 0.986112 0.005809 0999558 0.000036
Coefficient, b 0.000386
Drying Coefficient, k 0.000823
Exponent, n 1.218109

Diffusion Approach Coefficient, a -0.007795 0.010059 0.998683 0.000107
Coefficient, b 0.053501
Drying Coefficient, k 0.038408
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o . ~ 4 v oo
Maan s nsiansiuuiasenis nidmnududninfoimmoadesda Maompiionta 130°C

Model Parameter Value Standard Emor  Correlation MSD (%)
fe) coeff. (r)

Mewton Drying Coefficient, k 0.002025 0.010379 0.998621 0.000110

Page Drying Coefficient, k 0.001852 0.008386 0.99%065 0.000074
Exponent, n L.047085

Henderson and Pabis Drying Coefficient, k 0.002454 0.007948 0.999135 0.000066
Coefficient, a 1.012401

Logarifimic Drying Coefficient, k 0.002574 0.007879 0.999150 0.000067
Coefficient, a 0.982580
Coefficient, a, 0.031457

Two-term exponent Coefficient, a, LO19035 0.007246 0.999283 0.000058
Drying Coefficient, k, 0.002486
Coefficient, a, -0.020826
Drying Coefficient, k, 0.062342

Geometric Coefficient, a 1.683932 0086039 0.915322 0.007755
Exponent, n 0.190412

‘Wang and Singh Coefficient, a, ~0.002271 0.008351 0.999250 0.000073
Coefficient, a, 1.845E-06

Midilli Coefficient, a 0.995787 0.005266 0.99%620 0.000031
Coefficient, b 0.000392
Drying Coefficient, k 0.001186
Exponent, n 1.181532

Diffusion Approach Coefficient, a -0.019029 0007254 0.999282 0.000056
Coefficient, b 0.042598
Drying Coefficient, k 0.058348
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Mai 6 M3innzTuuuiaelouu n:é‘maluiuﬁuﬁn%mmmmﬁaum T#qam piiewata 150°C
Model Parameter Value Standard Emror  Correlation MSD (%)
fe) coeff. (r)

Newton Drying Coefficient, k 0.002788 0.007933 0.999178 0.000065

Page Drying Coefficient, k 0.002258 0.006497 0.999411 0.000045
Exponent, n 1040081

Henderson and Fabis Drying Coefficient, k 0.002814 0007630 0.999155 0.000061
Coefficient, a 1.004362

Logaritmic Drying Coefficient, k 0.002199 0.006259 0.999429 0.000043
Coefficient, a 1.188866
Coefficient, a, -0.191337

Two-term exponent Coefficient, a, 1.055264 0.005842 0.999503 0.000038
Drying Coefficient, k, 0.003023
Coefficient, a, -0.062611
Drying Coefficient, k, 0.013871

Geometric Coefficient, a 1.628474 0.083954 0.918454 0.007440
Exponent, n 0.188328

Wang and Singh Coefficient, a, -0.002591 0.006150 0.999472 0.000040
Coefficient, a, 2.263E-06

Midilli Coefficient, a 0.990905 0.005975 0.999480 0.000040
Coefficient, b 0.000032
Drying Coefficient, k 0.001815
Exponent, n 1.081782

Diffusion Approach Coefficient, a -0, 189910 0.006220 0.999457 0.000042
Coefficient, b 0.490094
Drying Coefficient, k 0.006591

i
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< s - 4 v oo )
M3 7 nsiansiuuuiaseunds nadmnududninfoimmoadens Maamgiiouuty 100°c

Model Parameter Value Standard Error  Correlation MSD (%)
fe) coeff. (r)

Newton Drying Coefficient, k 0.002499 0.007898 0.999201 0000064

Page Drying Coefficient, k 0.002110 0006984 0959416 0.000051
Exponent, n 1.031077

Henderson and Pabis Drying Coefficient, k 0.002506 0.007872 0.999193 0.000065
Coefficient, a 1.001308

Logarifimic Drying CoefTicient, k 0.001955 0.006032 0.999523 0.000039
Coefficient, a 1.180027
Coefficient, a, -0.186477

Two-term exponent Coefficient, a, 1.092848 0.005630 0999585 0.000035
Drying Coefficient, k, 0.002773
Coefficient, a, -0.103703
Drying Coefficient, k, 0.009044

Geometric Coefficient, a 1.684437 0.090860 0.906380 0.008640
Exponent, n 0.195613

‘Wang and Singh Coefficient, a, -0.002319 0.006551 0999533 0.000045
Coefficient, a, 1818E-06

Midilli Coefficient, a 0987202 0.005790 0.999561 0.000037
Coefficient, b ~0L.000006
Drying Coefficient, k 0.001616
Exponent, n 1.074260

Diffusion Approach Cocfficient, a -6.892263 0006530 0.995490 0.000046
Coefficient, b 1077549
Drying Coefficient, k 0.001483
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M s madnnsiuiiaeoumts niRnufudmseImmaadend T qamgiiouts 130°C
Model Parameter Value Standard Error  Coreelation MSD (%)
fe) coeff. (r)

Newton Drying Coefficient, k 0.002839 0.015112 0.997238 0.000234

Page Drying Coefficient, k 0.001738 0.010929 0.998665 0.000126
Exponent, n 1.092773

Henderson and Pabis Drying Coefficient, k 0.002880 0014721 0.997138 0.000228
Coefficient, a 1006908

Logarifimic Drying CoefTicient, k 0.001283 0007934 0.999161 0.000068
Coefficient, a 1830550
Coefficient, a, -0.842124

Two-term exponent Coefficient, a, 1472332 0.006614 0.999417 0.000049
Drying Coefficient, k, 0.003951
Coefficient, a, -0.493440
Drying Coefficient, k, 0.008079

Geometric Coefficient, a 1.645632 0.094285 0901445 0.009370
Exponent, n 0.193092

‘Wang and Singh Coefficient, a, -0.002488 0.009157 0.99%071 0.000088
Coefficient, a, 1.700E-06

Midilli Coefficient, a 0.976039 0.007116 0.999325 0.000056
Coefficient, b ~0.000064
Drying Coefficient, k 0.001010
Exponent, n 1.176772

Diffusion Approach Coefficient, a -16.891285 0.005205 0.999032 0.000092
Coefficient, b 1087098
Drying Coefficient, k 0.000985
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< s - 4 v oo )
Maan 9 nsiansiuuuihaseunds nadmnududninfoimmoadeum Maamgiiounty 150°c

Standard Emor  Correlation
Model Parameter Value MSD ('Xf)
fe) coeff. (r)

Newton Drying Coefficient, k 0.003224 0.012280 0997859 0.000155

Page Drying Coefficient, k 0.002378 0.010304 0.998689 0.000113
Expenent, n 1.059478

Henderson and Pabis Drying Coefficient, k 0.003236 0.012253 0.997837 0000160
Coefficient, a 1001644

Logarifimic Drying Coefficient, k 0.001467 0.005410 0.999574 0.000032
Coefficient, a 1810819
Coefficient, a, -0.826184

Two-term exponent Coefficient, a, 1912572 0005408 0.999574 0.000033
Drying Coefficient, k, 0.001419
Coefficient, a, -0.928188
Drying Coefficient, k, 0.000068

Geometric Coefficient, a 1601385 0.087277 0913909 0.008093
Exponent, n 0.190451

‘Wang and Singh Coefficient, a, -0.002883 0.008493 0999318 0.000077
Coefficient, a, 2.439E-06

Midilli Coefficient, a 0984691 0.005452 0.999567 0.000034
Coefficient, b ~0.000627
Drying Coefficient, k 0.002047
Exponent, n 1.002924

Diffusion Approach Cocfficient, a -0.528344 0.008214 0.999308 0.000074
Coefficient, b 0.000317
Diying Coefficient, k 6408306
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