luSuseInentinus
Ve ingndy uriInendmnuasamans

NTTUMAATUHIVUNA (FINTTUNITOINIS)

Wiggan

ANINTTUNTOING MINTTUNITOING

T MAIN

Bes  eenuULLAzNannmMsnaug e ldanzgygIme

Design and Development of Vacuum Distillation for Whisky

= s

wugdae  winsy wnlizau

Tanarsanmivveulag
dszsrunssums )
9 s d a o a
( A¥I0raAs 15091 8unsilseand, D.Eng.
{
ATIUMT /(’é(r\
RN s fa & o
( AT IOMNAATINTINUATING $1989, Ph.D.
NITUMS “z'vgl
v A ~ a e
( éﬁ'mmaﬂﬂﬂét’fﬂizmm USgNT, PhD.
HIRINIAIN /Dzzuﬁ( {
( ATI0PNEATINSEOYNUT MBAAIINA, PhD.

TUNAINNTY HHINGIANBATATAS ST

%@wm{

da o
( FOIPNAATINTOIUY 19NN, MLA.

A a a s
AUUALNAINEIDE

$uit 24w NRANOIUM  wa 2546




Inendinus
A
1509
senuuutaziaanmsndugmaldanzgyanma

Q

Design and Development of Vacuum Distillation for Whisky

Tae

wensy mnailszan

40)
TanaInenas urInenaenEAIIIanNs
d' d v A a 7] a A
mRANNANY KISy IAINTINMaATHMITMINN GAINTINMIDINIG)

N.f1. 2548

ISBN 974-9846-17-6



vinsu wimlszery 2548: senUUUIRzRANM UMl Az gy
USyanImInssumaasumTuga GAINTTNDINIT) AUIFIIRINTINO NS
madsransTunsems sesunssumsilinu: fEomaaasd

13 BunsilszAng, D.Eng. 133 wih

ISBN 974-9846-17-6

¥ ] v
addeiiilunsesnnuunaziannseanaugimoldannzgaanme Tauinu
anmzmsnaug imIngTuuns 0aszmeneldan iz gyamavay ol fians
ar a A o a J 4 -
(GEAUANIZYYYINIA 210 TaA1NT QUUYIADUIAUTIFOS 25 DI uTARTU) 1IN
Y o Y o A W
PONLUUATBINAUFT 1N TAAN1IZYYIINMAAUUVY LaZNATEUR WM TNAUTALANA 1Y
3 5% wazllSinmm Inhuanaiaiu 4 szau Moman1aznmsnaunmnz aunn 8as1Ms
a s a3 o a o o wa @ w yw
wog oTUAKANTA WAL tagAaTuTAN s sa ALY UBNINTIE S
. a . v 4 g v y
Winsufisumsugunimganaunn lwad lavldnieanaunolagaannmedun uas

w3oendunnanluFanaesd

namanaaoandudonissszmonsldanzgyanmrvnaiesl fians wudh
anazfinnzey fe né‘i’uﬁqquﬁéwﬁﬁau 95 aasuwaiFua 34 18gmnaiia In 60.5
pernaue dmiunamanagouniosndugsmeldrn iy qyanmAd oy wh
SEmsndufimuzau fe msndu Taudlauda nmzﬁnqmutymmw?anﬁ'u (goungiiluns
niu 55 BernIraBua sEAUANIZEYRNMA 210 TaAng) nduunsERIEATIMIHAR
anneiind 20 fadansand Sehmaiugumgimendu Tasliuiiganugu o Tni
guMgiNANIuAY 5 e uozSinam Infiminzanlunsndu fie 30 Aas
swinldimdsnudunzeglundudoviiqe 1.71 Alated-srTuedas fisasmanaaeglu
nquIniige 5.16 Aas/Aa Tue inziinzuuuguautiamalssamduda Falsvneuda

. ¥ ]
ANNIUNT PR T99A uazmseaniveyluduainiaguigs

ek

A A a A A
awilo¥eiidn awilodollseFunssuns



Nukrob Narkprasom 2005: Design and Development of Vacuum Distillation for
Whisky. Master of Engineering (Food Engineering), Major Field: Food Engineering,
Department of Food Engineering. Thesis Advisor: Assistant Professor Chouw Inprasit,
D.Eng. 133 pages.

ISBN 974-9846-17-6

This research aimed to design and develop a prototype of vacuum distillator for whisky
making. Optimum conditions for whisky distillation were investigated by using laboratory scale
rotary evaporator at vacuum (210 mbar) and condenser temperature of 25°C. A prototype of
vacuum distillatory was designed and fabricated. The performance of the machine was
cvaluated with three different distillation methods and four different rice wine to produced
whisky. The optimum distillation conditions were identified based on production rate, %
production yield, specific energy and sensory qualities of whisky. Besides sensory quality of

whisky obtained from the prototype was compared with those from commercial scale distillator.

The optimum conditions for whisky distillation were 95°C of water bath temperature
and 60.5°C of whisky temperature when using laboratory scale rotary evaporator. The best
distillation method when using the prototype of vacuum distillator was the method which opens
gas and vacuum pump simultaneously (distillation temperature of 55°C, at vacuum 210 mbar).
Distillation was performed until production rate was below 20 ml/minute. Then the distillation
temperature was increased around 5°C by adjusting controlling unit. With the recommended
method to distill 30 liters of whisky, specific energy was relatively low at 1.71 kWh/l whereas
the production rate was relatively high at 5.16 I/hr. Panelists gave relatively high scores for

brightness, smell, taste and acceptability of whisky.
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~ P A o Y
AT NN 13 \‘]Uﬂﬁgiﬂﬂﬂuﬂ'ﬁﬁﬁ'I\Hﬂﬁﬂ\?ﬂauiﬁymu'lﬂ'lﬁﬁuuﬂﬂ

drvilszneunan W NVAUIE I
1. BHUALAWAE YUIA 47 x 8”7 WU 3.28 mm 1 9,200 9,200
2. NoauAUad YU dia 1 47 x 1.5 mm 1 1,720 1,720
3. NoaUAUad YU dia 47 x 3 mm 1 1,300 1,300
4. VoauauEad YU dia 1 cm 4 900 3,600
5. Seal #7149 1 800 800
6. NEIWUIA 1 %7 1 350 350
7. M8WUA 1 6 250 1,500
8. yagUnIsinunugugl
8.1 Temperature Sensor 1 1,400 1,400
8.2 Trauesndd 1 1,100 1,100
8.3 Temperature controller 4(81¥ Digital 1 4,000 4,000
Temperrature Indicator
8.4 ginsaiBdnnsoiln éiuq 1 1,000 1,000
9. INVGYINA 1 1,500 1,500
10. uRd KBS 1 800 800
11. ‘Za@ﬁuq 15,000
12. mnelumsais 35,000
33U 78,270
12. Pump Vacuum 1 37,450 37,450
13. Cooling tower 1 13,910 13,910
14. Pump ih 1 4,280 4,280
15, szunei@ui 1 3,210 3,210

33U

137,120
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Cap = 8A51MINAR 5.16 ans/hr NUTHMINauE 1N 30 ans WA

d‘ 1 =) Y o a a
waguoienmn 15 uIn %gulﬂﬂﬁiTﬂﬁWﬁﬁ 4.99 a913/hr

CR = 88 UINADANST
L = 360 VNI (2 AL)
E = 0.756 n lavaa-91 Tuede Tu iuiuay 8 $21ug

= 19.54 11N/ U

e = 3.23 UM/

F = 0.6 D lansuaa% 19 311 18 V/A Tansy Mnnuiuay 8 92 Tua

= 86.4 VINABDIU

A\ = 0.25
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53.28 SIIGIE
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MARNUIN N1_NITAIUINODNUVUNINAY

9
[

o a’/‘ [} Y 1 J
fvualdmseenuuuaiiidinaulvnaduriugudnaliniousn 360 mm. uagl

AMNgIININAIDINUD 486.6 mm.

1. MSAMUIUHIANNHUIVDINIIVDI0

- ANVAUDONLUUNIGUDN ; P = 1.055 kg/em’

- Lﬁ’umuquéﬂanmauaﬂ :D, = 360  mm.

- ﬂ’J'liJEH'Ji]'lﬂﬁ/i]‘ET\?5\1LLW’JHL?(§3J?]’J'I?JLL%QLL5\‘I ;L= 400 + (86.6/3)
= 428.87 mm.

'
[ =

v & ~ 1 a
- Taanldadreduilu sS fioumivila 304 L 9100 1MALIN 12

MNMMHUIN N2 laa Tugdannudangu ;

a

E = 1.82 x 10 kg/mm’ Ngavigil luitiu 205 °C

U

=\

AuuA ITHIUAMUYUT 2 mm
t=2 mm.

D, = 360 = 180

o

t 2
L =428.87 =1.191

D, 360
WIMAIUTLNOU A ; 1INAINHUIN N1
18 A = 0.00045
W1AAU5ENOU B ; 110NNRNUIN N1 d1M5U 18Cr-8Ni WHA 3041
18 B = 340

9
[

1 @ A o YA
QuuﬂWﬂJTNﬂuq\iq@]%fJE]lIT]Jllﬂﬂ@
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= 4x 340
3x 180
=251 kg/ om’

3 Y1 A o A o @ Y L) 2
ﬁ]smuulmmmmmﬂaﬂﬂﬂﬂwiasummullﬂu1ﬂﬂ31mﬂmuﬂ 2.51-1.05 =1.46 kg/cm

Y
¥ o

PUNANVHUIVDI09 2 mm. Hasane

2. MIMUIVMIANUHUIVBININD (FIATINTIT 2: 1)
ag Yo A
AuuA 199NNV U 2 mm
t =2 mm
Ro =0.9D,=0.9 x 360 =324
Y

A
Wumailsznou A Ao

A = 0.125

=0.125x 2
324
=0.0007713
23101 A 111 1)vAd1)sEne B ; 91n,mnauIn n2 @151 18Cr-8Ni 1A 3041

19 B = 370
ﬁqfufhmmﬁ’uqqqﬂﬁﬂani"n"l@gfﬁa

B

P = R,

t

370x 2
324

= 2.28 kg/ cm’
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%glﬁuulﬂ?ni]ﬂ"lﬂ'ﬂllﬂa’ﬂﬂflEJ‘H363‘]_]LliﬁﬂuulﬂMWﬂﬂ'NﬂTﬂ'lﬁuﬂ 2.28-1.05=1.23 kg/cm

Y
[ Y

NHU

NANVHUIVDID9 2 mm. Haeane
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MANUIN N2 miﬁmamaammmaumuwa{

smualdmsesnuuuaowaudiIresANUAUTOUND 17.4 kpa gurgianInile

A A o

< o v o A s s s W °
ﬂﬁ"IEJL‘]JLlhlf‘J 55 C LLazﬂaummaumumcﬁaiqmwmNa@mmmmﬂau 35 °C

U

P =17.4 kPa
T, =55°C
T, =35°C
m,  =10lhr =0.00278 I/s
=0.00278 kg/s (ﬁﬂmmdaw"uwmﬁwﬁn
hl =2600.9 kJ/kg (ﬁ 55°C) h2 = 146.08 kJ/kg (ﬁ 35°C)
V., (m/s)=m, (kg/s) x v, (m’/s) V ,(m/s)=m_,(kg/s) X v, (m’/s)
A(m’) Am)
=0.00278 x 9.568 =0.00278 x 0.001006
Tx0.1° Tx0.1°
= 0.8467 m/s =8.9x 10" m/s

Quy =h—h +%2v_-V_?
= 146.68 — 2600.9 + ¥2((8.9 x 107)- 0.8467 %)
= -2454.22 + (-0.36845)
= -2454.57845 kJ/kg
Q.. =(-2454.57845)x 0.00278
=-6.824 kW
InFenoUIALITOS
6.824 =m_x4.18(T,, —26)
smuaguginaaImIes At 5°C fau T, =31°C
6.824 =m, x4.18(31 —26)
m, = 6824

4.18x 5
m,  =0.3265kgs



WIUIUVAND

Q = UAAT, x Eff

4 A 9 J A v ::l 20
U vosginsaluani/asuanusousiuizrinnamen Tuilenuiin 1220-2440 W/(m™C)

A =TtDI

MUUAD=1cm =0.0l m
A =Tx0.01x1

AT, = MaxAT - MinAT

In

In(MaxAT/MinAT)
= (55-31)-(35-26)

In((55-31)/(35-26))

- s

0.98
At, =152931°C
Eff =60%
UnUA

6.824 =1.22xT0x0.01 x1x15.2931x0.6
1 = 6.824

1.22x 70 x0.01 x 15.2931x 0.6
=194 m

TTDn =194 m

Myua D, =16 cm =0.16 m
D, =8 cm =0.08 m
21, =1,
L, +1, =194m
3, =194m
L, =647m ,  1,=12.94m
n,n, = 647

TTx 0.08

I
\S]
hd
~

1

26 U9



ANNFINOUALIFDT =26 x 0.01
=026 m =26 cm
S anwenvie =TID,;n + TtD,n
= TC x 26 x (0.16 + 0.08)

= 19.6 m
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< ' = A
MINHUINT N1 AAIien Iniu

4 . mnsfineulniiu
¥OAI aasini
A B C
Water H,0 8.02754 1705.616 231.405
Methane CH, 4.87763 125.819 224.327
Ethane C,H, 8.83450 659.739 256.431
Propane C,H, 6.85802 819.296 248.733
Butane CH, 7.23086 1175.581 271.079
Isobutane CH, 6.81927 912.141 243.342
Isopentane CH,, 6.81010 1030.476 234.402
Neopentane CH,, 6.73883 950.318 236.821
Pentane CH, 6.86430 1070.617 232.696
Hexane CH, 6.89122 1178.802 225.200
Heptane CH, 6.89798 1265.235 216.533
Octane CHq 6.92010 1352.580 209.192
Ethylene C,H, 6.74771 584.146 254.843
Propylene C,H, 6.84998 795.819 248.266
1,3-butadiene C,H; 6.87308 941.662 240.397
Acetylene C,H, 7.07108 699.530 251.680
Cyclopentane CH,, 6.90626 1134.481 232.565
Cyclohexane CH, 6.85532 1209.299 223.527
Benzene CH, 7.60093 1660.652 271.689
Toluene C,H, 6.96554 1351.272 220.191
Ethyl benzene CH,, 6.96257 1427.414 213.521
o-xylene CH,, 7.00438 1478.244 214.074
m-xylene CH,, 7.01117 1463.218 215.159

p-xylene CH 6.99112 1453.667 215317

8711
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AT NAUINN N1 (7D)
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4 . mnsfineulniiu
¥aa13 aasini
A B C

Biphenyl C,H,, 7.23195 1987.623 201.594
Methanol CH,0 8.07919 1581.341 239.650
Ethanol C,HO 8.12187 1598.673 226.726
Propanol C,H,O 7.75111 1441.629 198.851
Isopropanol C,H,O 7.73610 1357.427 197.336
Butanol CH O 7.37903 1313.878 174.361
Ethylene oxide C,H,0 8.72206 2022.830 335.806
Diethyl ether CHO 7.27572 1260.453 180.562
Acetaldehyde C,H,0 8.06340 1637.083 295.467
Acetone C,HO 7.29958 1312.253 240.705
Methyl ethyl ketone CH,O 6.86450 1150.207 209.246
Acetic acid C,H,0, 7.55960 1644.048 233.524
Ethyl acetate C,H,O, 7.10319 1245.702 217.961
Methylamine CHN 7.39500 1034.977 235.576
Ethylamine C,H.N 7.33096 1121.445 235.296
Acetonitrile C,H,N 7.15383 1355.374 235.297
Methyl mercaptan CH,S 7.22891 1122.494 251.402
Ethyl mercaptan C,HS 7.32093 1330.977 264.878
Chloroform CHCl, 7.08282 1233.129 232.197
Ethylchloride C,H.Cl 7.03691 1025.821 244.072
1,1-dichloro ethane C,H,Cl, 7.06941 1215.342 232.890
1,2-dichloro ethane C,H,Cl, 7.46028 1521.789 248.480
Chloro difluoro methane CHCIF, 7.24077 947.577 258.186
Dichloro fluoro methane CHCLF 6.97575 996.267 234.172
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< '
AT NAUINN N1 (7D)

4 . mnsnueuIniy
¥aa13 aasini
A B C
Dichloro difluoro methane CCLF, 6.68619 782.072 235.377
Aniline CHN 7.22051 1661.858 199.102
Pyridine CHN 7.03782 1371.358 214.654
Chlorobenzene CH,CI 6.98593 1435.675 218.026

fian: 1ol (2536)
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a

{ a 4 v @ aa [ a !
A151HUINT 91 amswwﬂqu%’agamﬁauﬂummnmm 98131 IHNaa(I/hr) ﬁ’qmwﬂu

QU

water bath 919N U

Sum of Squares df Mean Square F Sig.
Between Groups 322 3 107 133.61 .000
Within Groups 6.420E-03 8 8.025E-04
Total 328 11
QNN IMIUYA ngudoyadasimsnanmniiszauiudia = .05
Yoy
1 2 3 4
80.00 3 0.61
90.00 3 0.78
85.00 3 0.90
95.00 3 1.06
Sig. 1.000 1.000 1.000 1.000

J A A 1 1 = Y 1 1 1 @ aa v A 9 A
NUYLYiA mmaﬂmaﬂ“luﬂqummﬂu u,ﬁmm"lml,@mmaﬂumaam “I/NL!I@]EJGI,GH Duncan 7

U

Y [

seautednn = 0.05
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{ a J [ aa J 3 J { a
ATNHLINT 92 AT zvinguieyailoutunuanalosidud Yieldigavgil water bath

AN
Sum of Squares df Mean Square F Sig.

Between Groups 200.968 3 66.989 133.691 .000

Within Groups 4.009 8 501

Total 204.977 11
QuUHYN  MIUYA ngudeyanlesiiud Yieldiiszduiadiay = .05
Yoy
1 2 3 4

80.00 3 15.30

90.00 3 19.63

85.00 3 22.61

95.00 3 26.48

Sig. 1.000 1.000 1.000 1.000

E4 9
%

U A A L] 1 =) Y] 1 ] 1 [ aa =1 9 A
NU1YL1I A mmawegiuﬂqumamu LLﬁﬂQ’J"IllmmﬂﬁNﬂuﬂ'Nﬁﬂﬂ ¥ Iaa 1% Duncan

seAUdedINY = 0.05
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A1519HUINT 93 amswwﬂ'q115191’@gamﬁauﬂummnmmwmqmmzww(kwml)ﬁqmwnu

QU
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water bath #1911
Sum of Squares df Mean Square F Sig.
Between Groups 937 3 312 18.925 .001
Within Groups 132 8 1.650E-02
Total 1.069 11
QMHYN  NUINYA ngutoya WIS UM EWh) RsziuiTadiay = .05
Yoy 1 2

95.00 3 3.59

90.00 3 3.59

85.00 3 3.63

80.00 3 4.25

Sig. .666 1.000

J

v A A ] 1 = ] 1 ] 1 [ aa qg./‘ ~ 9 A
NUYLYIH mmaamgimqum&mu me’n"lmmm”mﬂuﬂnaam Nt laa % Duncan 7

@ [

seauted Ay = 0.05
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A a 4 1 9 A [ aa a v A a A ~
AT WHUINT 34 ’Jlﬂi"lw/iﬂi}i]sllﬂiJ“am‘JJ’E)uﬂ‘LWINﬁﬂ@‘ll@\‘]‘l]iNTmQ'ﬁﬂauVI?)Sﬂﬂi(ml) N

aunnN IUMINAUUAZITNMITNAUAINY

Q U

Sum of Squares df Mean Square F Sig.
Between Groups 2642349.263 5 528469.853 211.732 .000
Within Groups 29951.320 12 2495.943
Total 2672300.583 17

(¢ Q'J [ v \ Y A Q'J d‘ a A
qmwgﬂumsnau AUIUYAVDYA nqmayaﬂsmmqsmaumswn's(ml)

waz3Emsniu ﬁsgﬁuﬁfﬂﬁﬁty =.05
1 2 3 4 5 6
aamigiie 'C 387 1 3 1547.57
qamqfic0 'C 357 2 3 1776.16
QU6 °C 37 3 3 2053.14
qamaiiss °C 357 1 3 2162.00
qamqfiss 'C 357 2 3 2251.43
QUS55 °C 37 3 3 2764.90
Sig. 1.000  1.000 1.000 1.000 1.000 1.000

E4 EJ
%

1 d' d' 1 1 = Y] 1 1 1 [} an = 9 d'
NU8L1A mmawagsluﬂqummm Llﬁﬂ\‘i’ﬂhlﬂlmﬂﬁ%‘lﬂui/ﬂ\‘lﬁﬂﬁ 194 Iaa 1% Duncan

seAUNEdINY = 0.05
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AITNHLINT 35 AT EvngudoyalouiuneatavesdnimInaaginaui 35 ans

(h)ngavn i TumsndutazIsmMsnaunany

Sum of Squares df Mean Square F Sig.
Between Groups 36.238 5 7.248 542.163 .000
Within Groups .160 12 1.337E-02
Total 36.398 17
gargilumsnay  Snugateya nguleyadnIINIIHANGIINAUN3SANS (Vhr)
HazIEMINAY FEAUUBTIAY = .05
1 2 3 4 5 6
QU360 "C I5N 2 3 2.13
QaUNN60 ‘C 35N 1 3 3.10
QaUNIN60 "C I5N 3 3 3.52
QU360 "C I5N 2 3 3.90
QN N60 ‘C 357 3 3 4.88
gauHnHss 'C 35N 1 3 6.60
Sig. 1.000  1.000 1.000 1.000 1.000 1.000

K
v A

1 A A 1 1 = @ 1 1 1 [ aa 9 A
UYL A mmaamgimqummm LLﬁ'ﬂQ’JTllﬂJLMﬂ@NﬂuVINﬁGG] Nt laa s Duncan "

[

seAaued Ay = 0.05
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=} % a

{ a J a I 3 4 { a )
A1519WUINT 96 amiwﬁﬂqu%}ammmauﬂumﬂﬁﬂmmL‘}Jmmm@ Yieldﬁ’qmﬁ{]ﬂﬂ'ﬁﬂau

U

HAZITMTNAUAINNU

Sum of Squares df Mean Square F Sig.
Between Groups 264.087 5 52.817 211.227 .000
Within Groups 3.001 12 250
Total 267.088 17
gaurgluMINaY sunuga  nguveyanlesifud Yieldiszauiladiay = .05
uaz3Emsnan Yoy
v C 1 2 3 4 5 6
QaUNfIN60 ‘C 351 1 3 15.48
QaU¥IN60 "C I5N 2 3 17.76
QaUHfI60 ‘C 35N 3 3 20.53
QNS5 ‘C 35N 1 3 21.62
QNS5 "C I5N 2 3 2251
Q¥ IS5 "C 35N 3 3 27.65
Sig. 1.000 1.000 1.000 1.000 1.000 1.000

E4 FJ

J A A 1 1 = Y U 1 1 @ aa v A 9 A
NUULYIA mmaﬂmg“luﬂ’qmﬂmﬂu uamm"lmmmwﬂumwam “I/NL!I@]EJGI,GH Duncan 7

Y [

seAUtednY = 0.05



123

a

{ a Jd 1 [ Aaa [ o {
A1519HUINT 47 amswwﬂ’q11Effagamﬁauﬂummammwmqmmnmz(kWh /l)ﬁ@‘ﬂlﬁﬂll

QU

lumsnauazIsMsnauaIeny

Sum of Squares df Mean Square F Sig.
Between Groups 17.222 5 3.444 552.536 .000
Within Groups 7.481E-02 12 6.234E-03
Total 17.297 17
qamgilumsndu  sunuyadeya nguderandansumz Wi
uaz3Emsndu szAUMEEINY = .05
1 2 3 4 5
qamgiiss 'C 357 1 3 1.81
QNS5 °C 37 3 3 1.92
QMUHQHN55 "C 357 2 3 2.11
qamaiic0 "C 337 1 3 3.61
Qamafic0 'C 357 2 3 3.93
QU N60 'C 35 3 3 4.08
Sig. .109 1.000 1.000 1.000 1.000

E4 EJ
%

1 d' d' 1 1 = Y] 1 1 1 [} an = 9 d'
NU8L1A mmaaﬂaﬂsluﬂqummrm Llﬁﬂ\‘i’ﬂhlﬂlmﬂﬁ%‘lﬂui/ﬂ\‘lﬁﬂﬁ 194 Iaa 1% Duncan

U

seAUNEdINY = 0.05
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{ a 4 v @ aa [ a { |2
A1519WUINT 98 ’Jlﬂi"lzﬁﬂE]11EIQJJ’E)11“am‘ﬁﬂuﬂuﬂﬁﬁﬂ@‘l@\‘]ﬂ@iWﬂ"ﬁNa@(l/hr) NnsuaanIn

d' 9 o‘/ 1 (%
nlnauuanaenu

Sum of Squares df Mean Square F Sig.
Between Groups 436 3 145 10.767 .004
Within Groups .108 8 1.350E-02
Total 544 11

Pmnaminiild Snnugadeya  ngudoyadnsimswan/ar) Nszautiadifgy = 0.05

nau 1 2 3
10 ans 3 4.88
40 ans 3 4.97 4.97
30 ans 3 5.16 5.16
20 A3 3 5.38
Sig. 366 079 054

Yy 9y
Q/

v A A ] 1 = ] 1 ] 1 [ aa ~ 9 A
NUYLYIH mmaamgimqum&mu me’n"lmmm”mﬂuﬂnaam Nt laa % Duncan 7

@ [

seauted Ay = 0.05
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A a 4 "9 =} o aa S I 4 . A (a A
AT WHUINT 39 'Jlﬂﬁ"lg‘ﬂﬂi]i]sllﬂllumﬂllﬂuﬂuﬂ'lﬂﬁﬂ@ﬁl@ﬁlﬂﬂﬁl“ﬁu@ Yield n5uaenIng

T¥nauuanaeiu
Sum of Squares df Mean Square F Sig.
Between Groups 1.161 3 387 2.364 147
Within Groups 1.309 8 .164
Total 2.470 11

A Y o ¢ dJ y U W o W
Pmnaminiild dnnugadeya  ngudeyalesidua Yield Nszauiadifay =0.05

nau 1
20 A3 3 26.86
40 ans 3 26.92
30 ans 3 27.14
10 ans 3 27.65

Sig. .055

Yy 9y
Q/

v A A ] 1 = ] 1 ] 1 [ aa ~ 9 A
NUYLYIH mmaamgimqum&mu me’n"lmmm”mﬂuﬂnaam Nt laa % Duncan 7

@ [

seauted Ay = 0.05
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{ a Jd 1 1Y aa [ o 1 a
A1519WUINT 910 ’Jlﬂi"lzﬁﬂQN%fJM“ﬁlﬁﬁfJuﬂuﬂNﬁﬂﬁﬂlﬂﬂ NANUIUWIL (KWh/D) N5

a1 Innlgnauuanaiaiu

Sum of Squares df Mean Square F Sig.
Between Groups 6.996E-02 3 2.332E-02 29.420 .000
Within Groups 6.341E-03 8 7.927E-04
Total 7.630E-02 11

U U o

Ysmnamniniild Snnugadeya ngudoyandsnudumzkwh) Nszauiiadny = 0.05

o

nau 1 2 3
30 an3 3 1.71
40 ans 3 1.81
20 AN 3 1.87
10 ans 3 1.92
Sig. 1.000 1.000 .068

v A A ] 1 = ] 1 ] 1 [ aa qg./‘ dy 9 A
NUYLYIH mmaamgimqum&mu me’n"lmmm”mﬂuﬂnaam Nt laa % Duncan 7

@ [

seauted Ay = 0.05



A a v w Y a o a I v 9 a = =} o a M a
AT WNHNUINN AT ﬂ'lﬁﬂi%mu@ﬂ!ﬂ']W‘ﬂNﬂi%ﬁ?“ﬂﬁ'ﬂNﬁTﬂﬂi%ﬂﬁM?ﬂ!ﬂ?ﬁﬂﬁuﬁWTﬂ 10 ans \Wuarowoulseumeunulsmnamsnauarln 20 ans

30 an5 LA 40 ans

ET—- G anwld na AR M5YOUTL
T @‘iwqﬂ gega 201 301 401 201 301 401 201 301 401 201 301 401 201 301 40l
1 1.000 1.857
2 1.858 2.715
3 2.716 3.573
4 3.574 4431 420 425 425
5 4.432 5.289 4.45 5.15 46 5.1 545  5.95
6 5.290 6.147 5.55 575 6.1 565  5.65
7 6.148 7.005 6.15

LTI
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{ a Jd 1 [ an a
M3 1eNuINd 912 Anszinquieyamiloununiedna laemsdsziivauninmalszam

dudevoInANYULAVDIGIINAY

Sum of Squares df Mean Square F Sig.
Between Groups 39.900 2 19.950 37.041 .000
Within Groups 30.700 57 .539
Total 70.600 59
YSinams naua mju%’egaﬂmé’nymzﬁmmqsmé’uﬁszﬁnﬁﬂﬁ]ﬁm =.05
nduain  doya 1 2 3

20 an9 20 4.20
30 209 20 5.55
40 2015 20 6.15

Sig. 1.00 1.00 1.00

v 9
v A

1 d‘ d‘ 1 1 = [} 1 ] 1 Y] an 9 d'
HUYLHH mmaamgiuﬂ’qmmmu !LﬁﬂQ’JWEliJLL@lﬂGlNﬂuﬂN’ﬁﬂﬁ 79t Iaa 1% Duncan 1

[ v

sEAUNAINY = 0.05
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{ a Jd 1 [ an a
M3 1eNuINd 913 Anszvinquieyamiloununiedna laemsdsziivauninnmalszam

dudavosnaanyazaNylavesginay

Sum of Squares df Mean Square F Sig.
Between Groups 30.233 2 15.117 15.810 .000
Within Groups 54.500 57 956
Total 84.733 59

PBnams g ngudeyanadnyazanulavesgsinauiszautied At = .05

nduain  doya 1 2
20 ans 20 4.45
30 an3 20 5.75
40 a0y 20 6.10
Sig. 1.000 262

v 9
v A

1 d‘ d‘ 1 1 = [} 1 ] 1 Y] an 9 d'
HUYLHH mmaamgiuﬂ’qmmmu !LﬁﬂQ’JWEliJLL@lﬂGlNﬂuﬂN’ﬁﬂﬁ 79t Iaa 1% Duncan 1

[ v

sEAUNAINY = 0.05
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{ a Jd 1 [ an a
M3 1eNuINd 914 Anszinquieyamiloununiedna laemsdsziivauninmalszam

dufavenuanYULNAUYRIYIINAU

Sum of Squares df Mean Square F Sig.
Between Groups 3.333 2 1.667 2.523 .089
Within Groups 37.650 57 .661
Total 40.983 59

PBnams  dnugadeya ngudeyaguanbaznauvaIgINaUTiszAUTEdIAY = .05

nduaTn 1
20 AN 20 5.15
30 ans 20 5.65
40 ans 20 5.65

Sig. 070

[ d' d' 1 1 = [ 1 [] 1 LY an 3 dy 9 d'
VLA mma&magsluﬂqmﬂmm LLﬁﬂﬁ’ﬂulmmﬂGlNﬂuﬂNﬁﬂﬁ 14 Iaa 1% Duncan 1

[ %

sEAUNEIAY = 0.05
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{ a Jd 1 [ an a
M31NUINd 915 Anszinquieyamiloununeada laemsdsziivauninmalszam

FUAAUDINUANHULITWIAVOIZIINAY

Sum of Squares df Mean Square F Sig.
Between Groups 7.300 2 3.650 4913 .011
Within Groups 42.350 57 743
Total 49.650 59

PBmnams 1w ngudeyanmanyazsamAvesgsnauiiszauiadney = .05

nduain  doya 1 2
20 ans 20 425
30 an3 20 4.60 4.60
40 a0y 20 5.10
Sig. 204 072

v 9
v A

nneia Aundshoglunguiferny uaaein lduanaesnuneana naiilaeld Duncan f

[ v

sEAUNAINY = 0.05



132

{ a Jd 1 [ an a
M31NUINd 916 Anszvinquioyamioununeada laemsdsziivauninmalszam

FUAAVOIAUANHULNTIONTVUDIFIINAY

Sum of Squares df Mean Square F Sig.
Between Groups 17.200 2 8.600 7.606 .001
Within Groups 64.450 57 1.131
Total 81.650 59

Pmnams S1unuga  ngudeyanadnymzmMseaNSUYBIgINaUNsTAUTEd AT = .05

nduain  doya 1 2
20 ans 20 4.65
30 an3 20 5.45
40 a0y 20 5.95
Sig. 1.00 143

v 9
v A

1 d‘ d‘ 1 1 = [} 1 ] 1 Y] an 9 d'
HUYLHH mmaamgiuﬂ’qmmmu !LﬁﬂQ’JWEliJLL@lﬂGlNﬂuﬂN’ﬁﬂﬁ 79t Iaa 1% Duncan 1

[ v

sEAUNAINY = 0.05



~ a v o & 9 v A o A o 9 3 v Y a = = [ v A
AT NHUINN 17 ﬂ’liTJigLiJUf’]ﬂ!ﬂ']W‘VlﬁNﬂﬁZﬁ'W]ﬁ'llWﬁ“ﬁﬂi%ﬁﬁ’]ﬂﬁu‘ﬂﬂﬁUTﬂﬂlﬂﬁ@\1ﬂﬁuqagﬂ]u1ﬂ'lﬁ@'lullﬂﬂlﬂuﬂ?’ﬂ’]\iﬂ\uﬂﬁﬂﬂlﬂﬂﬂﬂﬂq31ﬂauﬂ

v
[

nouTaenTenauueslsenu taggnauniismieauiesnain

SuazmATy G anula nau SATIA MIoONTY

u f1a0 a9gn 1 2 1 2 1 2 1 2 2
1 1.000 1.857

2 1.858 2.715

3 2.715 3.572

4 3.572 4.429 4.2 4.1

5 4.429 5.286 4.45 4.9 5.15 4.85 4.65 4.55 5 4.65
6 5.286 6.143

7 6.143 7.000
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