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ABSTRACT

This research studied to galangal drying using infrared-vacuum technique and to discover
the appropriate thin layer equation for predicting the drying kinetic of galangal. To achieve
these purposes, experiments were conducted on the following conditions: absolute pressure
in drying chamber of 5 and 15 kPa and drying temperature of 45 and 55 °C. The effects of
drying conditions on moisture ratio, drying rate, specific energy consumption and color of
galangal were investigated. Furthermore, color quality of galangal was also explored.
Experimental results shown that the drying rate shall be increased but specific energy
consumption shall be decreased by reducing absolute pressure or increasing temperature.
Moreover, the changing of color shall be affected from drying temperature which higher than
boiling point of water. In addition, it was found that thin layer equation of Midilli providing the
highest coefficient of determination (R%) by 0.99855 and the lowest of root mean square error
(RMSE) by 0.01201 and > by 0.00029.
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mnﬁuqm‘vxqﬁauLLﬁaa:ddwa1ﬁ5w:nm1ummuLLﬁaa@m ﬁ’ﬂﬁﬂ’ﬂlﬂmﬂ@hd“ﬂ RELieFl

ag

A1519% 3 Qmmwé’f'mﬁwmzi'lfiammwé’am‘sauu,ﬁ’a

AMUARTNYIDE | amn)a

L a b AL | Aa | Ab | AE

(kPa) (°c)
U1RA 68.87 | 1.57 | 17.41 | N/A N/A N/A N/A
45 68.30 | 5.70 | 21.02 | 0.57 | 4.13 | -3.61 | 5.51
1 55 7144 | 454 | 19.28 | -2.57 | -2.97 | -1.87 | 4.35
5 45 67.56 | 6.85 | 20.00 | 1.31 | -5.28 | -2.59 | 6.03

55 68.01 | 6.80 | 1944 | 086 | -523 | -2.03 | 5.68

Lﬁaﬁmsmwﬁqm%nuﬁauLLﬁdLﬁmﬁ'u WU ANULANANATWRUIVBINTOUAINAINY
@”ua%’ugirﬁ 15 kPa ﬁ@hﬁaUmhmsauLLﬁaﬁmm@Tuﬁ'uHmi 5 kPa lagladslszunmiayas
8.62 WATIBUAT 23.42 ANNAAU ‘ﬁ'ﬂﬁl,ﬁaamﬂﬁama:mm@“’ué’&lgirﬁ@hﬁ;@Lﬁamaaﬁ,w:
fasnae I@ﬂﬁmmﬁuﬁuujni 5 kPa ﬁﬁgmﬁamaaﬁ,’] 32.88 °C aztiwidaw lalunmsauws
o ' P ad ' A ' o K v a o & A a
aananilgunniingininaidaadautnuin PIFINALANAA N I AN T Rl asua9F
flauz1INInNNIn ﬁE‘.IJVL@T’j’I MIWRIUNNIEANNAUFYYIMALZDUADTOLURI SIHAGDAIY
LANFAIIVIAT 1ALANNLANAIIVDIRIZID LRI Lﬁaﬁmﬂﬁqmﬂgﬁﬁleigaﬂiﬂﬁlmﬁammm
muldanzgyyimeandannifiuld uazszozniseuiiniiilaslfgunpdgenvildnig

d' AaAa v ' > ' A &K v [ A 1 ::i 1 [ 1
WaswwlasuasFdnasuwnn ot 1A AILTNANNNITIAAIFILRINANILANGIING WEIN

miﬁ%‘am@;ﬁﬂﬂmzmam SAWUDI ﬁm&”&msauLLﬁﬂunﬂama:ﬁmvlaJmevmﬁ‘umnﬁfﬂ

3.5 UUUIIRDILONNIAR

LUUF1889IN 1A TRAMEATIENAIARIZININTLATIZARIFUNITUNUAMUTUN BTV ILT
1AsnsauuLs mné’m’md’;umm%umaamsmaaaauLLﬁﬁhﬁmwﬁuﬁuuﬁmﬁLuﬁmaml,vi”a
5 uaz 15 kPa WAzMWNAaUWWY 45 LAz 55 °C Tagld53n135nzduuunanasiian
AW dLaeessuMTNRSARlaN TN 1 Teanmsie ek ldmmnniinesvasauns
wazdnaaiivagnnumunsnlumsriimssaunamaaimsauuis asuaasluassd 4 49
LLuuﬁwaaaLﬂ&lﬂ%ﬂ"’aﬁﬁﬁé’&lﬁszﬁﬂﬁ%m‘“@ﬁﬂamﬁ'ﬂag’lmha 0.97133-0.99855 A3 N7igas

°uadmmﬂamﬂﬁauﬁwﬁdaaamﬁﬂagluﬁaa 0.01201-0.05596 LLE]:?i']ﬂ']iﬂ@]anlﬂﬁ']ﬂw\'iﬁﬂd
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\afee %l;lu"ﬁ’m 0.00029-0.00354 1@ s LU U31aILaNNIAaVEY Midili R1N1TOVNUAE
v ] U, { 1 § Qs a QG‘ o« A
aaunamaninmIauutiin ladnga lasfidnafvdudzninisdadula (R® = 0.99855) g9
180 AaduNNNFaIveIANUANALAREWINAIFBIARD (RMSE = 0.01201) WazALRRLNT

aaadlaiasgad (%= 0.00029) @‘hﬁq@]
a [ v A v  gerpe Y o a 2{,
PNANANMTIATITAT IR N IR auATTR9 Midilli IEFwimmsidfsuudasnnuduas
miauLLﬁa"liﬂwﬁNmmm"’uﬁ‘ugnﬁuazqm%nﬂﬁﬁﬁﬁmiﬂ@aaa aInuazNATanlAda N
(K = a, k, n W&z b) MaNNITV89 Midili danusunuiidusunaBaduiugmnyiiauun

WRZANAYK [10] AB K = X, + X, T + X,P &uN13089 Midilli mmsm”@gﬂ"l,@”lmj@”aa&lmiﬁ 7)
+x5T+xgP
MR:(X +x T+x P)exp(—(x +x T+x P)t(x6 X717 ))—I-(x +x T+x P)t (7)
o' 1 72 374 75 9 "o 11

~ A ! A a A a @ A v o &
LB Xg-Xqq A8 ﬂ’]ﬂ\‘mluﬁ&lﬂ’ﬁ“n (7) T @B qm%ﬂu“auu%ﬂ (K) Paa ﬂ?ﬁ&l@]%ﬁ&lﬂuim

(kPa) uaz t Aa LIanlwnnTauuis (min)

A5 9N 4 ANAINVBIFNNITLANNIAR

Model P| T Constant R? RMSE Y
Newton 15 | 45 | k =0.00597 0.97096| 0.05464| 0.00317
55 | k =0.00956 0.97039| 0.05706| 0.00358
5 | 45 | k =0.00862 0.98164| 0.04370| 0.00207
55 | k=0.01352 0.96234| 0.06845| 0.00536
Average 0.97133| 0.05596| 0.00354
Page 15 | 45 | k=0.00086 n =1.36513 0.99555| 0.02138| 0.00052
55 | k=0.00151 n =1.37971 0.99369| 0.02635| 0.00085
5 | 45 | k=0.00182 n=1.31524 0.99921| 0.00909| 0.00010
55 | k=0.00132 n=1.51762 0.99535 0.02404| 0.00077
Average 0.99595/ 0.02021| 0.00056
Modified 15 | 45 | k=0.00567 n=1.36513 0.99555| 0.02138| 0.00052
Page 55 | k=0.00903 n =1.38038 0.99369| 0.02635| 0.00085
5 | 45 | k=0.00825 n=1.31524 0.99921| 0.00909| 0.00010
55 | k=0.01267 n=1.51762 0.99535| 0.02404 0.00077
Average 0.99595/ 0.02021| 0.00056

* P fia anwauduysal (kPa) uaz T Aa gmangilauus (°C)
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Model P| T Constant R® |RMSE | y?
Henderson | 15 | 45 |a=1.07273  k =0.00635 0.97700| 0.04863| 0.00268
and Pabis 55 |a=1.05481 k =0.01000 0.97414/ 0.05332 0.00347

5 | 45 |a=1.05996 k =0.00911 0.98575| 0.03849| 0.00175

55 |a=1.05779 k =0.01418 0.96666| 0.06441| 0.00553

Average 0.97589| 0.05121| 0.00336

Wang and | 15 | 45 |a=-0.00428 b =0.00000 0.99969| 0.00567| 0.00004
Singh 55 |a =-0.00683 b =0.00001 0.99865| 0.01217| 0.00018
5 | 45 |a=-0.00622 b =0.00001 0.99855| 0.01230| 0.00018

55 |a =-0.00966 b =0.00002 0.99633| 0.02136( 0.00061

Average 0.99831| 0.01287| 0.00025

Logarithmic | 15 | 45 |a=1.22314  k =0.00424 ¢ =-0.19743 0.99607| 0.02009| 0.00049
55 |a=1.22293 k =0.00660 c =-0.20692 0.99421| 0.02523| 0.00088

5 | 45 |a=1.14209 k =0.00704 c=-0.11143 0.99575| 0.02103| 0.00057

55 |a=1.25862 k =0.00910 c =-0.23268 0.99005| 0.03518| 0.00198

Average 0.99402| 0.02538| 0.00098

Two-term | 15 | 45 |a =-1.05778 ko= 0.00178 b =2.08254 k;=0.00335 |0.99675|0.01828|0.00044
55 |a =24.75095 ko= 0.00413 b =-23.7365 k;=0.00397 |0.99509|0.02323|0.00085

5 | 45 |a =-0.79345 ko= 0.02334 b =1.78763 k,=0.01213 | 0.99834|0.01314|0.00025

55 |a =-190.558 ko= 0.02717 b =191.551 k;=0.02704 |0.99262|0.03031|0.00184

Average 0.99570/ 0.02124(0.00084

Weibull 15 | 45 |a =-0.07054 b = -1.05614 k =0.00499 n =1.25417 | 0.99864|0.01183|0.00018
distribution 55 |a =-0.07235 b = -1.05705 k =0.00794 n =1.26032 | 0.99695|0.01831(0.00053
5 | 45 |a =-0.02039 b =-1.01418 k =0.00792 n =1.27603 |0.99963|0.00618|0.00006

55 |a =-0.04507 b = -1.03519 k =0.01174 n =1.42359 |0.99717|0.01878|0.00071

Average 0.99810{0.01378|0.00037

Midilli 15 | 45 |a =0.98403 k = 0.00119 n =1.28227 b =-0.00012|0.99848|0.012490.00020
55 |a =0.99478 k =-0.00134 n =1.15299 b =-0.00862|0.99912|0.00982(0.00015

5 | 45 |a=0.99326 k =0.00201 n =1.28724 b =-0.00005 |0.99961|0.00640|0.00006

55 |a=0.98932 k =0.00165 n =1.45003 b =-0.00018|0.99700|0.01933|0.00075

Average 0.99855| 0.01201(0.00029

* P fio enwanduy ol (kPa) waz T Aa gaanndauuis (°C)
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Model P | T Constant R® |RMSE | y?
Verma 15 | 45 |a =-12.3998 k =0.01145 g =0.01076 0.99448| 0.02382| 0.00069
etal 55 |a =51.0939 k =0.00392 g =0.00384 0.99484( 0.02381|0.00078

5 | 45 |a=1.66594 k=0.01182 g =0.02447 0.99811|0.01403| 0.00026

55 |a=38.7506 k =0.00524 g =0.00510 0.99047| 0.03443| 0.00190

Average 0.99448| 0.02402 0.00091

Demir 15 | 45 |a=1.05614 k =0.00130 n =1.25417 b =-0.07055|0.99864|0.01183|0.00018
etal. 55 |a=1.05705 k =0.00225 n =1.26032 b =-0.07235|0.99695|0.01831|0.00053
5 | 45 |a=1.01418 k =0.00208 n =1.27603 b =-0.02039|0.99963| 0.00618|0.00006

55 |a=1.03519 k=0.00179 n =1.42359 b =-0.04507|0.99717|0.01878|0.00071

Average 0.99810| 0.01378|0.00037

Diffusion | 15 | 45 | a=59.62015 k =0.00245 b =0.98391 0.99628| 0.01956|0.00046
approach 55 | a=90.24996 k =0.00390 b =0.98938 0.99484( 0.02381|0.00078
5 | 45 | a=-181.960 k =0.01579 b =0.99580 0.99896( 0.01040{0.00014

55 | a=88.35155 k =0.00520 b =0.98817 0.99047| 0.03443| 0.00190

Average 0.99514{ 0.02205(0.00082

* P fio enwanduy ol (kPa) waz T Aa gaennlauuis (°C)

P A a & A ] a & @
LNBUIRNUNITIN (7) vlﬂ')LﬂiqzﬂLL‘U‘Uﬂ@]ﬂaULWa‘ﬂ']ﬂ"]qu']&lL@]asmaﬂa“ﬂqifﬂzvlﬂ“aﬂ"ﬁ

a a { A Y A a v 1 { o a v v
’JLﬂi"Izﬁ@Nﬁ&Iﬂ’ﬁﬁ (8) Sli\‘il"liaﬁ‘l_ﬂEl‘Wf]@]ﬂSi&lﬂ'ﬁ@‘]JLL%GT’]ﬁﬂ’J’]&I@]%ﬁNHiﬂﬂu%a\‘]i’J‘ULL‘VN

= v 1 Q a A€ o a
5 U8z 15 kPa LazamiNUaULWY 45 Uaz 55 °C lasfidngudse@ninisaadula (R? =

0.99708) ﬁ']i’]ﬂﬁﬁa\‘]“llax‘]ﬂ']’lllﬂﬂ’mLﬂﬁa%ﬁﬁﬁ:‘lﬁadlﬂﬁlﬂ (RMSE = 0.01604) LRZATNIIRAR
lafassas (%= 0.00034)

MR = (10.94848 + 0.00009T + 0.00157P )

exp (— (0.02214 —0.00007T + 0.00004P ) t

+(0.10741—0.00037T + 0.00023P )t

UNADIUINY
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(1 .27904—0.00044T—0.00047P))

(8)
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