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Abstract

The Research and development of the heat pump drying system aimed to reduce
moisture in soybeans. This study was designed to scale the prototype of the drying chamber to
2.8 x 2.5 x 2.3 m (width x length x height). The heat pump system testing for the soybean seeds
drying was determined high pressure of refrigerant have 3 levels of 200 psi, 250 psi and 300 psi.
The result showed that the temperature and relative humidity in the drying chamber ranged
from 30 to 34°C; 38 to 40 %RH, 36 to 40°C; 35 to 38 %RH and 40 to 46°C; 32 to 36 %RH
respectively. The high pressure of the 250psi refrigerant was the optimal high pressure for
temperature and relative humidity control in the drying chamber for drying soybeans. The
suitable conditions of heat pump dryer compared to hot air oven and sun drying (control) on
qualities of soybean seed cv. Chiangmai 60 were studied. The drying soybean seeds from initial
moisture between 16.93 — 19.58% to final moisture of 10.90 — 10.96% (w.b.) was conducted by
three drying methods. The drying time of heat pump dryer (HP) and sun drying were 5 hours,
and drying temperature in a range of 37.4-41.9 °C for HP and 40.5-44.3°C for sun drying.
However, the longer drying time for 10 h was found in hot air oven (HA) due to the lower drying
temperature between 37.0-40.1 °C. The highest standard germination by 56.0% found in HP
method, followed by sundry and HA methods that were 51.0% and 50.0% respectively. Dried
soybean seeds, thereafter, were stored at room temperature for 4 months in order to
investigate the changes of their qualities during storage. All drying methods did not affect to
moisture content of dried seeds that mostly unchanged and showed between 9.12-10.79%
during storage. After 4 months of storage, the highest standard germination and germination
after accelerated aging of dried seeds were revealed in HP followed by HA and sundry methods
that was 42.8% and 22.5%, 31.3% and 16.5%, and 31.0% and 10.8%, respectively. The research
could be concluded that the HP method slightly affects to seed quality changes both after
drying and during storage compared to other methods. Therefore, the HP at temperature
between 37.4-41.9°C for 5 hours is suitable method and condition for soybean seed drying to
desirable level and could introduce instead of sun drying. Moreover, an economic valuation
assessment for investing the heat pump system for the soybean seeds drying showed that the
cost of seeds drying production capacity at 20, 30, 40 and 50 tons/year was 3.65, 2.73, 2.28 and
2.0 baht/kg dry respectively.
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Abstract

The design and development of the heat pump drying system aimed to reduce moisture
in soybeans. This study was designed to scale the prototype of the drying chamber to 2.8 x 2.5
x 2.3 m (width x length x height). The heat pump system was designed to operate the motor
compressor at 7 HP (380 V/3 Ph/50Hz) and using R-22 Refrigerant it has the cooling capacity and
heating capacity were 16.5 kW and 15.5 kW respectively. The heat pump system testing for the
soybean seeds drying was determined high pressure of refrigerant have 3 levels of 200 psi, 250
psi and 300 psi. The result showed that the temperature and relative humidity in the drying
chamber ranged from 30 to 34°C; 38 to 40 %RH, 36 to 40°C; 35 to 38 %RH and 40 to 46°C; 32 to
36 %RH respectively. The high pressure of the 250psi refrigerant was the optimal high pressure
for temperature and relative humidity control in the drying chamber for drying soybeans. In
addition, the drying of soybean seeds, by testing 250 kg with the initial moisture content of
soybeans 18% reduced to 11% (wet basis) The drying time was about 5 to 6 hours. The findings
indicated that the moisture condensation rate (MCR) was 4.0 9 kguater /hr, the specific moisture
condensation rate (SMCR) was 0.745 kgyater /KW, the specific energy consumption (SEC) was 4.83
MJ/Kguater and the dehumidification efficiency (Copgeny) Was 2.91. Moreover, an economic
valuation assessment for investing the heat pump system for the soybean seeds drying showed
that the cost of seeds drying production capacity at 20, 30, 40 and 50 tons/year was 3.65, 2.73,
2.28 and 2.0 baht/kg dry respectively.

10



U (Introduction)

d’lj L) 4 [ v e & g Ao o a [ v A A

N3aRAINTUNTENMTBULTLLAAT R s dutuns @Ay lunseuIuMSKAnLAAT UYL
wanmaeslild Wesnnlunszuiunisuanudaiugivlaesuan nswizdgn n1siuies auuIis
TURDUNITANANTUNTBNITEUWIR udIlUARRENUAZYIANEZe1n Uargavnefenaiiusnwiiose
° | 4 o 9 Y = ax & 2 o o as
InhevisetllimzUgnlugeaaluls d93snsananuduudaiusludagduivainvaieds wu n1san
mm%uﬁ’m’i%mmmm n15ldinTesannNTUAITaNTounlduan Ll nasuANTauN Fames
bl st wia i L‘U‘HG]‘U LuaqmmmamwuﬁmﬂummmmﬂLLUaawauﬂaﬂaummwmumm 20-
40 LﬂaﬁLszjummmiﬁ’mLUEm Garnauuiiazduegfudaiususarsiinuasiuagiudrsnaiggmai
Auifen Tnglutlgtiunisarautusdaiusiivnsegad 1938nsanautudouaiunn (sun drying)
= & addaywy s [ vy & 2o =~ ' & & aa
Wesnniudgnddunu wazUsemalngeglulnioududdiaaniieanesian1sanaiuay 3935013
S o & da ! =2 LY o ad v J v & [ [
TRadadunietegauielagdu uaglnemluTBananagldnalunisannisananuuadaiugussain
1-2 u YuegiuauTuisudurouuiaiugeasUsunauawanlugiwaiianaaudiu 1wy n1san
ANNTUANTUGAITEINTALTY 16-18% Tdhian 1 Tu dwmsulunisanauduliinge 11-12% 09
WABIANNTWSUAY 18-20% Tdhian 2 Ju dwsulunisanmnuaulvinge 11-12% uagdidaeninudu
Susu 18-20% THaan 2 Tu dwsulunisanaudulivde 9-11% uenanidwnludedddusaauly
n1suudaRusiigaInuan nduneuwaziiuwmdaiug egnelsniniuisnisiddedslugaggeu 3ad
wasuantos fdunn Anutuduinslueiniegs Feililiaunsoanauduudaiugivedluszdun
Uaende (12-14%) lanelu 1-2 Tu dewalivuiunisumued@uvesudiniiuggs Wesiasyduls damwa
TAwdniugEounmn 1N ANNLTILII Waze1gNISNUSNWIAY (299uns, 2534; Judy, 2532) fatiy

& v < & & A = =t & & o & oA v a

nsanANFUsIeAseteUanANiy e1aludnmadenrildlunmsanainudunaaiugiiiodielviu de
wugdmadinunmiifuazinuudansias ludggruvseludiaiduawanliiisans 8nvsaniiznis
WaguuUasanimenia (climate changes) lutlagiunAsudrauususibiduluaiugania n1san
ANFuARTugeateuanauBInsdulsglerisensnanubaiuiivnse naduaydanali
nsdanisuaniugiluluegadiuszavsam

Tnaiasesananuduwaaiugalngfdeuldlutagiu Tdseuunislienudoutveinialaglyle
finnsidnanudunsewiavesinfifiegluesiniresnieu wartheinianidauioudiiuudniug
e biwdaiugsoutunazyhlihszsmesenainwaniug enadoutiasvilmubaiudiisnsnmamnela
gelusgninanszuiunmsanauiy Jaduanwnddgivihliudaiuguvdiugydonuninluiuges
AIDNLAT ALY MemalnaeiideTdlainsideuasinuiaissannnuduwdaiugssuudy
AUTBU (Heat Pump) v3anuuauwi lngusuanine1nidligaumaiinmunzauiasanuguduingia
wn9 wetisuiludymdinan dseimenldlunisananuruanszuuiazdunuvauwis lnefigamal
aglugae 35-43°C warAIuTUdUINSneluiesey 20-35%RH Faasiinlilauaniuginun1nia uay
walulagnldanauidedasdunisiiadaauaunsasdadulidunsudaudaiuiiiveedve uas
wanduliussnelnedugudnansiugity (Seed Hub) winvesendeuuaziolelueunan auuauusiun

s s [ v 6 o - = a = & o &

gNSAARSAUGNAINAATLS WA, 2558-2567 Tunisimuasesdielunsyuiunisuangadudadenugiu
aduayunisudnuaniiug @dnanuiaundngimansuasinaluladuiswif, 2559) Ansu3vIn1snens
LP5uneUMINENININNTENTINNYATUAZEANNTO]
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ATINUNIUITIUNITU

1. M58AANNTUNAANUSIIWRDS

o ea

fumdeadundaiusifusinartudeutiegs onmndfldanautusdaliesniu 43 °C uas
Artudiivddessingt 40 %RH asnndguniganiilavadmnudemeluimdeiugingagrh
Tesidudnnusenuaganuudassweaudniuganas faazdimadenunmussudniuglgnsias
uammmqmmﬁLLazmm%ué’uﬁwésuaaauﬁi%’ammm?guLLf’h dnsnisinaveseiniandaiudifeyse
Uszandnmlunisananututuiy newdaiudiundesusiiliesnuuusnmnsivareseinia 0.21

m%/s feUSINeIWADY 1 m> sauandlunsed 1 (ASHRAE, 1999)

A15199 1 9MIINI5INBVDIDINFEINSUNITAAAITLTULLAATY

ERecommended Dryveration Air-
Densitv, flow Rate, m*/s per cubic metre

Crop kg/m? per hour drver capacity
Barley 168 0.17
Comn 896 020
Dunum 960 021
Edible beans 960 021
Flaxseeds 896 020
Millet 800 018
Oats 512 0.11
Bye 896 0.20
Sorghum £06 020
Soybeans 260 021
Nonoil sunflower seads 384 009
01l sunflower seeds 512 0.11
Hard red spring wheat 960 021

Noze: Basic air vohme 1= .80 m® ks
i1 : ASHRAE (1999)

(%)

& 2 & =~ Ao o ~ = 1 13 [V 2 & A
miammﬂmumuaﬂwmaummwammLuaaf\]’mmaimmmmaqmmwLmamwuqmmﬁuumzmu
=

! 2 W A ' ' 3 a ' a
WHgaudan s usSnYIAe 8-13% weiad19lsAnue1alinnuuand1akazianizinizalunusiaiiy
AN 2 wanIrUIUN TS eaNYaE IRaTUluLAnTuSNTER AN U
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M1571991 2 AU s/anwusfinaTuludnwusseAuALTUAIeY (2299uUns, 2521)

9

[ & o/ da X < v g
FTAUAUYY (%) vuumy/aneaziiaduluwaniug
35-80 Frmagnuinasiau Gdlinuies
18-40 gnuAn1eeEsTiven donsnismelaas madeslulsunindulade

I3 I3 ¥ = 1 = ) Y a
mnivudnaunaslinaziinsssuigeinmakineiieag ilvia
ANuSouaranluned Woswazklawinvinangladie aauLafanis
NIENUNTELNNLASLATRIINING

' (%

13-18 NsEAuANNUEINIT 13% Galldnsnismelaas iiliAnauiou
WRIIarhLaNt1Y1an8ladny WANUNIURDNITATENUNTEENNLR
ADUTNIA
8-13 Wusneld Tulsadukuudalauiy 6-18 wou
Tuuaaud19ianetng 9oULaRDNIINTLNUNTE NN ADUTIILDS
4-8 Wusnelunvuzlaainldegrsannsie
I3 Y4 a a I3 & a < <
0-4 wanugurtinendevey warluudaigunswine1anuludnuds

wu Tuieedn
< a o a X
33-60 WARAZSUTVUIUNITIDNAATU

FBn1sanAuTusIeLawan (sun drying) Asuanslunind 1 1Juisndeususefnditagiu
Weswn Wuisnine azaan duyue wilifedede deddussnudiuiuuin waglidawisanivau
gaumgilunisanaiudu wagsseznalaudueu Jadndudgmilugedu lnemlunisaneudunes
mananaldiian 1-2 Ju FuegiumnudususuveaudniuduasUsauawanluga9aIian ATy Wy
nsanANwIAARUgATeINTANTY 16-18% lHian 1 Tu lunsanaudulivie 11-12% 0
WARIAUTUTUAY 18-20% 11381 2 Tu lunisananudulvivde 11-12% wazfdifaininuduisuny
18-20% 1aa1 2 Tu lunisananuiulviiviie 9-11% geisnsiliideideluyliggiuy daliawwaniey i
Hunn Anududuivslueiniegs Jvibiliannsaananuduwdaiugliegluseiunivasasie (12-14%)
Ionglu 1-2 Ju dwalivuiuniswumuedduveaudaiudgs Weosnasayiule dwaliudaiugidon

< 5 [~ g (% 4 v o oo W
AN AIUUTILTIAT UazorgnIAuTnwIdY (3393uns, 2534; Tude, 2532) wazlgynndrAgnas
& v  aa a | - 1A oA a & @
anANIUAEITAINUAAAD TutieggHuvIaluiduasuanlidiisane Snvislulagduaniizns
a . a v [y~ ! 1
WaguuUaanme1nia (climate changes) NAsudrsuususiulididulunugania dwalagnseianis
dnnsuaziilinisudnudniudiivliuss@vinmasandwmanseusegunmuaniug vilinsaiuny
Ao mudniugdululdenn
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] & & o s & Y aa
ATNN 1 NNFAAAMUTULLAANUIN UK DINIYITAITANLLAR

]

s A

AeinTslatinsAnAuLas TR DIaUARANTLINARTUS oA ludydinan TagTul 1974

9

1
= [ v s

lafinsseaunisanautumenioteuiaungll 54°C ANuTUENIMSAINTY 40% useelsiniy
dawaliimusenudniugiudetanauazwaniuiniu (Boyd, 1974) ludl 2000 Soponronnarit wa
Az ladnwinisanauduwuutuanuseu (Heat pump drying) Tuwdniugdnudeniiuguninenued

105 Tngldgangfl 43°C Wunan 10 Hlus shlidadendmudugaiesity 12% nendinisan
patuiudaiuidnifuinuiiung 8 dUai nudiudaiusinnusentazauudusasiniy
96% waz 92% TuvmziinisanAududouauaniial 99% way 97% nudiy Tanaufisadntes
dowFeudfisuiuizdniu lusnsfinisevanautuludriudentiug nu 6 ananuduiudu 239% 1
wmde 10% Aigaunadl 45 50 wag 55°C 1171 200 - 400 writ wuiwdaiugiinnusenanasmiy
gumiifigesluminty 92 87 uay 78% muddy (RAnfina uazans, 2556) duiulumdaiugdning
w1 nseuuvutuaufeuiigungiiuazaududuing 40°C, 53.1% 45°C, 44.8% uay 50°C,
44.5% 1aan 32 24 uae 20 Falus mudy TasdauTuaninewity 8% wb) wasnuiuudadsng
AN UINNTT 95% Winfiu 98.45 96.53 war 95.33% MNa1dU (RMAT uay Aidnwal, 2555)

nMIanAuTUBauWisliiniugvdesiaumvgliiade 28.33°C uazauAuduing 24%
A11150aAANNTUINN 22.6% WED 11.9% Tukian 16 97109 32 il lnganneaanannliiinananiiy
<@ < Y4 . o (Y] dy < U €U a [y}
IDNUALANULTINTIVBALAANUS (Krzyzanowski et al, 2006) dnSUNIsaneIUTwIaARUgIaaIugIn
YUY 9 TN1551897UNNT AT 990 UMY TR aNS UL US s U B UAUNITANANUTUN IS LA AALALH I I UATY

wunsanANIuIN 27% 1 5.6% deirtesouauiouiigungd 35-38°C Taan 36 Falua Tuvae
finsltuasuanuazidluiisaldina 60 waz 90 Falus meondamsivinwidune 4 Weu wieiush
anAuTudeintesouautou uawan uazisluisy fnusenuindu 75 71 wag 69% wagwuiimsia
Tufisuimsvuifouvesdiosunniian (unll uagany, 2546) uonaniiinssenunanANTULUUNS
puaNInanALTuLEndIBasN 25-27% THmEoUsrna 6-7% Tagliaan 24 uay 36 dlue o
ussunlufiaunun 60 uaz 80 wuRwng sudy lurnefinmsmnuandoddinalunsanauiu
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48 Tlud duni1sialusuldingl 78 $alud harwuINNISIgLASE9aAANNTIU N1SANNLAALAZAISHI UL

° % 2 o f & & o w o 2 w v 2 &
vinliluaniiaaiugen 73, 70 uay 66 Wosidun aiuaidu Weatnusneliuiu 4 e (ueyaninsal,
2543)

2. druisznauvesssuuiuninuiou

Juanudau AeszuuNvnaulunistduanuseuanswnusnisldidauludndwnuania Il
#anN19vuRINIYInsnIsinunanesiulauniindniaNiseniudn Carnot Cycle yilvaunsafs
AuFouINLMaIRuSauLa lUaemluuTunseinisanuieuld Igdnsnisvineuesduniy
¥ a v 1 = [y o @ [ . . Aa
SoulidnwaritulAeanuszuun1syiAuduLuUeale (Mechanical Vapour Compression System) 913
nsuszenaldaulagmluluniesdsueinia drsduiieaudtuaiuiouasidenldusyloviainimuaiiy
Souwlundnuaraiuauanmgiismuaiuiounnuiuauiy dulszneunmsinaunanvesduniuiou
Usenaumenatl (fanandluning 2)

- 3rmasineivizenaduiu (Evaporator) viutiiirsanudouainaeusnidngrsasiiuni
fou. Insansvhanufuiinnudusuazaumaiivinitgamgiinnguenazsninufouainaisusnuaz
Wasuanuziihle

- ABUIWSALYDS (Coompressor) vhwidiiiueusulansieaduluaniuglefignmgiinn
Tifiaufuuargungiigsiuninisusnuazdwielufineusuires

a

- ABULAULYRS (Condenser) viTN7szU18ANTBUIINETTYINAMEUNAUA LA QYT

Y

gandnneen vibiansianudulasuanusduvesvaifinnuiugslnadelududndunudunnds

a

13 4 & I3 . o Y o [y o < al D&Y
. ONTUNUTUINA? (Expansion valve) vntianauauresalsyinanuduiieteulinud
MNDLSHHDST

Delivered heat out
Electricity in High-pressure

High-pressure
va Ir P
P Condenser liquid
Compressor
Motor
Evaporator
Low-pressure Low-pressure
vapour liguid
Waste heat in

A 2 Fpansnisinauvesszuuiuniuieu

dl v L 4 L3 L
N NTUNAUINENIUNALNULASDUINYNANTY (2552)



3. NANNISN19IUVRIVNAIUS DU

msvhsuresiuarudouannsnldussloviannanuieuninundsnudouiitgumn i wu
aufeuluorna viounasauidouiigydeddiianmsainduinlilifenszuaunisuanasuain
Younuunduvinliilgungiaeduauaisaiinduaildly lussuuinaufeurtaludedan cop
(Heating) unniwiSewiniu 3 Sufiuldanndanuliifideud luiinemnsawesifies 1 4 awnsn
asrenrmdouldta 3 dau nendsunnufoudn 2 duagiunainenianieduandon meuen faiu
Juanufouiadumaluladfifiussaninmdundsnugsdniunisiaiuiou uagaiunsaiun
Uszendldlunianssurumsvieusine iun mandathfeudmiunssuiumandslulssrugaamngsy
vseluenns savemseuuiadiioldmnudulundndasiineg Wy fvnanenisinens 01ms 1 andel
walsfifonmpfiniseuligeinuszanailaitiu 60 °C JadefansanlundszaniamlnoiUiouiious
duUsransniavineu (CoP) udailumnufeulasitiludaiien coP wnnd 3 FsfivszAvsnimannniing
wAnAufeulagldfusssumiviotdudedien COP ifies 0.75 - 0.95 MnHaNITIATIEsiNsTingsey
vosnslituanufeulumssdnanufeudieudisutunislindediidetun LPG uaglifh Ju
Auseuiidnanimlunisusendanasaulaninnidt 60% laeauisavsedivuieudisulunsdinisuds
1hougauungfl 55 °C aminAugamadl 27 °C Uua 16,000 ansietu (feuhuTuunislidifou
dmfulsausuruin 100 %ed) Fuandunsned 3 way 4 (naufmundsnunaunuuazeysnndsauy
[WN.], 2552)

AN5197 3 NasuANUSauNdaaltlunisnaninsou 448,000 AlakAass

. ¥ Useansnn YSuaunsionasau A
Usznnugioun . Y USunaunsiddawnag
n15ANNSaU (kcal)
et 60% 746,666 79 Ans/Su
MBRNUEITUYIR 70% 640,000 53 nn./3u
sganaIntiiin 100% 448,000 520 kWh
reduruteu 300% 149,333 173 kWh

= v (% (% Ls (%
N ATUANNUINANTUNALLNULASDUINYNAINTU [Wi.], 2552

AN5199 4 LARIFNYNINNNTUTENEANSIUVDITLUUULAMUS DU

- ASIANUSZANS AW UIUUNAIIUAIUZ DU
nsel Y Y vy
N5iANUS DU Usengala
Wasuanihsue i duduainudeuy 970 60% LU 300% 80%
Wasuan LPG Wutuanusou 970 70% LTu 300% 76%
Wasuanveaabidduluainudou 271 100% LU 300% 66%

tdl v v (% L3 (%
N ATUNANUINANTUNALLNULASDUINTYNAINTU [Wi.], 2552
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4. 1A399ANANUTUUTZLANASE

fisAnduazany (2557) Wanwnsiauivesnisananuduindenlunisgramnssufaud
oAnuufetiagiu Insazanansouanmsanauiuiidensentdidu 2 wuulngq Fefufio n1san
pututUdenuuusssumisfunsananuiulasendeniuieuninuaserfindiingu Jevilia
guassARonIsaRANTLINNDANAT LarnsanAatuiUdenTneldinteteuniredeanuieu
MNUnEIAIFaUTIvaINTaTY WU LAY WA anFeu Wusu annsaeuwiildynanie
omannzuanviediuasantos liFesiiuilumsnin msananudutideniagldiedoseuuntis
fuannsnauaumsanaruiulieglussiuiidesnsld nadldlunsaneutuliosdeilsideini
Foaumh iwdosaneutuiiiudendiliinauistihgtuansauts Tivansuuy feil

4.1 \3psanautunuudadenuuuusslunseaeu wisseunuvidwlngldiunisan
Aruturesudaiug fuefesusznaudie festulinemeadoudsdvosihamsuuuiieldnansyaoy
vosiiUAendedosniseuutis fdlasundfisiuiunanetes annsneiidentdnsiasmanensya o
puswauTesterivauiourgitiutesiesiiuReniiussgedlunsrany edeseuusndaild
gamgiiseundsliitiu 45 °C uazluszwinamseuwiaazdesiimsndnndunszasuiluszose tielinns
emaufeulazInam I LA ud TN Tzaey dauandlunnd 3

A A & v a
AT 3 1ATIaRANNBNLUUTIWARNLUVUTIYlUNS YA
AU1: NBINWYATIFINTTY (2543)

4.2 \wiesananutiudiaFenuuunszus Ussnaudenssusiiussginuldenaguu azunss
Tngduawasmzinsaduiesaniadou fderirfuinaunazyaiiineiniaiou e1na fouaglvarniu
Furesinivdenilogisuuuiu nzunssandiudrsgdmuuy viliiAansdemanufounazanaans
sguidndndentu eniafeu Tnsanufuresiriudennisinudazanaadindimisiuuy
wiosanmuduuuuildgamgiluniseuwisliiu 50°C uasilfogluvssmadaulvgjasldiumdariug
desnuidndnegiuiitslddmatenaunnirnvesudauinin indesaaanuiuuuuiazaiinsnan
AUl 0.5 %wb/hr nAmuduEsduresidon duandunwd 4
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Slated floor

jurner

Heated air
Motor

AN 4 1AF998AANUTULUUINURDNLUUNTEUY
AU: NBINWATIAINTTY (2543)

4.3 1A399AAANNTURUUMUITIEY Tiaussgudniivaziidnenzunss \usunsinssuenuuims
drunansvesdasiivieanvivnenzunss Wugunsinseuendeusdnisly aufousamall 60-80 °C azgn
Waliriuedafinnun 0.5 wesauuused iiugazunseandniouen winfivfiogaua1aazgnades
Fuluduuulug vareierauniiasuis 3esananuiukuuiiesldusuinaniouannizgs

= N va Yy o 1 d' a a 1% LI a = - |
wsesauluuiladnisaiisdmiiedisyssinuduluugy wililasuaiuiey esindymisesu
azopenflanszatgsunIugU TR uwardneglnaife s sauiansdnnsevessevuandesdaldinged
andedlunuIng daandlunini 5

1 wridurduBusyiadintoy

2. yaufiavanaTivaveauRene
3 AR

4, WRBY

5. wiawn

& wilimilusss g ilasTou

7 unuie

A = & =
AT 5 LATBIAAAILTURUUVYULIEY
AU1: NBINYATIAINTTY (2543)
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4.4 39aAANNTUTIIURBNUUADANY

AosanA TN ULinuesaneuenIsiufiusqudafindusunsduiouuudiigani
3 s feussyindenderinduvieanfeunisnuii@siimauieunasinandudulseney dama
Fudnosfausradntsivanuaumsivatesiinden issananutusuuiansoutseantdiiu
2 WUU Ag

4.4.1. \wiesanaruiuindenwuueedutisiaddenlillvananed aneludaussy
dndenvenaiosaaauiuiuuiazlszneudie tesussiniudendidiudnats 2 fudunzunss
wielviausousnildegazann lngeanuuuliiidesinesuies 2 de1 nssnansveardesdiliiiurosan
$ou fiarlvasudnidenuarvasenynauundais 2 Yes iwdesaneuduuuuiiteids fo 41Uden
flogAnosauionazuiasunnnivsdueansenyilfaiosanautusuuiliUinuausounmne
a9 wlelimmuanisszrinnuduinudendiuiifaesauioutufuausenties gungiianioudld
Tumseuwisuszanal 54 °C fauanslunini 6

d' dl' 494} £y 6§ a v = i %
A 6 1ATesaRANNTULUUARRLTYdat UGN langnAaT
AU7: NBINWYATIAINTTY (2543)

4.4.2 \w3osanarmduitiuienuuuaoduiviadiadeninislnananied indesan
aruduuuuiaginuuulude 4.1 fe neluoseuwisseningiesanfeutudesussyduudenasgn
fughouduiiviimidusunnduiinnisinavesirdenaduiulun dddussriausiuasiivosindialna
Wule %’nL‘Uﬁaﬂﬁlmmﬂﬁmuuaaéﬁméwﬁiamaé’mﬁaam%auwﬁs] fu ilesandrudeninng
\ndeuiindulunduin Fuanslunind 7
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MW 7 p3annnuruLuuReudyindUdeniinisivanqniaan
U NeUNYATIMNTIN (2543)

4.5 Lﬂéaﬂaﬂﬂﬂ’m%u%’nL‘UﬁaﬂLL‘U‘UngﬂlﬂaﬂQﬂLﬂﬁ’] Tneviluiandn wuu LSU (Lousiana
State University ) ta3asanauduiuuiigainaisueniidnvmusiuienfutuuuneding fe feuss
Fdenasfunuuimssdnionuds dnwdenlvannduuuasiudlnefigunsaimuaunisiva
YoILUARN nwluﬁ’aauﬂizﬂaué’wﬂaamLﬁu%uﬂ wiartuazivieaunaneve vioauurarduszifuvieas
Youtungvioausenaduitu vieaufoudiasiarudriudenlufievuar vasenmwioauoaniiogiu
FuvuLarsuawioay uiazvievsiidnwasidusinin @uuuimey duaradarsdutuvunufiuiiy
g1Inaenss Ia1es19sunieznstemeiutesusvay dudatednaiunisasdavieaunsas
Hulpeiidesfianzdfurosunvaaduiu Tnsduniisazdodmeiuiesaudoudn wasdndunieas
Refuretanoen tAspsanaLTuLUU TR AN Inad 1Eenuuunandulundun uazyinli
Fraddenilenadudaiuandeudilnaduaziinnisanomeauduivasiilvasen vildAanisan
avuduaiiaueintunaearisdiussg guugiianfeuiliarldganiuuuaedinifie 66 °C dmiunisld
nuAuiertuiuwuy aedu Ae MWeunvuduadmiedunauesldounuulnasdeiiies fuanddunn
78

f_ ™,
BuRaufintwa deie —-b-_i'
d}i\ LR EER 10
B;‘%;-- — Wi
—— minduaniu

| - i“ &
Taanwia P LU
1

wwaniudu _&‘lﬂ,j

o -
—— - fabu
<

< BB AL

- ¥ v v
I TH[; v v an 2 oandinas pd
G‘f 1 5 &
. 3 “f-wEwalla-Te
TnuRuiaTIn Mg \
T
AR RUFRE N LH_’] T
o \'—"'
P P i [l A

PN P X o o
AN 8 LATDIARANLTURUULLAALIARRNLAT
AU7: NBINWYATIAINTITY (2543)
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4.6 \e3nsananuduiiaFenuuulnd desldduunisananuduinildutausamdann
Frdenitumsilanuds fuedoudugudmssnszuon sumduriiuguinats 1-2 wns ANEN 15-
30 WIAT 1N9BYS 2-0 BIMINUIUDY FavuiienIITeU 4-8 Seuseundl Tasvhludnidenazer
Tuffauszanas 10-20 unit gaumgilanFeudld 121-288 °C dauanslunmil 9

n— .

- -

AN 9 L1ATEIRAANUTULUULIANS
AU1: NBINWYATIAINTTY (2543)

4.7 1383anAuTuLuuNgdalad-lua taTesannuduLuuilalin1svaukazaing
° | = ] o | A v a % < Y a a
pandmirentslulsvmeiionsldauludnvausivadsellowaslduuuangs vesouluneslad
ATWNTIBYAUEINUAENS 2 sudlgunsaldmsunsleuwdaiivdiuazeanainiesey ausoulwiu
%’umﬁmﬁﬂjﬁmqaguu pzunsalaedanunun iy 10 wuRwns feanusivesenieseulseun 1.9
wasseduil wWievinlidudenasedd aunglianfeuiiazlduinnit 100°C waz ¥a3szezIa1wan
o W v ] ~ ° ) v Y] & PP & !
dulgausoulunaiussunn 3-5 uil wngdmiuldananududnideniid auduawinndl 20
%wb Waniasesan AuduLuuildvsinaauuazanudougudiiiutiuienlussesnaidudy
Wetdumsiindszansninlunislindsnuidinisiieiniuseuniiiudraudenudimyuiisunauin
Uszuas 80 % wazttU199bu 20 % 11 Udenulon1uLATed anANUTULUUTNeLAg A eI9E ATy
anas 5-10 %wb VRSN IIN1TIUgUMLE ﬂ‘ummmﬂmwuﬂimmmnLﬂaaﬂmm%umwmﬂu
USunuunn szLUaaﬂwmuLﬂiaqammm%umuuummmmuwiﬂauLmq‘Lummuwmmﬂwmmﬂ U
nesinuenle mamﬂﬁuiamumiaaa@mﬁmmwuauﬂ Alg wawandlunmd 10
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==

LN

GJUR

Yalnan I/

3 i ehumber
AU . Woareaniniu

----- ufum:unnn!wnlu‘lw:uuﬂ::mwan

wunszuamigglisliuuidaimaduundu

AW 10 SesanANTURUUTadnlad-lun
137: NeuNYRTIAINTIU (2543)

awv o

5. U NNYIVD9

agvidnsiazduius (2548) léfaaﬂLLUULLazwmaa‘Um%qammm%ﬂazﬁw%quqﬁﬁmLL‘UaW’m
\3esUSuenmaLuunisng fuandunind 11 Tngerfondnnisvosduniudeu (Heat Pump) il
gunsallunisvinaudsenaume Aeumnsawes (Compressor) ApulAULLaT (Condenser) viauAUTa3
(Capillary Tube) uazAvdsLfu (Evaporator) WdnUdsugunsalviouauTariidu ndududuinds
(Expansion Valve) v‘iﬂﬁmmsaLﬁmmiaumaﬂLﬂ%"ammm%uﬁﬂwﬁw%quq%u

bl
i
L,

- - 5 bl Expansion Valve

AN,

Evaporator

gl oo
o Temmeranre

Condenser

Condenser it

] = & Ao & o v
AN 11 1AF938AANTUTIFALUAIIINLATOIUSUBINIALUUNTIA AL T UV
un: agrisnsuazduius (2548)

Ins@evikazane (2548) ié’ﬁﬂméfﬂsmwwsua@miﬁsuum:lmiﬁwumLﬁﬂmﬂum‘%mammm%u
T,mﬁiﬁwé’ﬂmsm"wfluﬁnﬂsvuu%umw%’au é’mamﬂumwﬁ 12 mﬂmsﬁﬂmuavm%uLﬁauvm
Lﬁi“@%ﬁ’]ﬂ@]ii winnASeafiaunT Ui U e s e muTie AN U mmmawummmiaw
quwua“mmmuavmua AAUYUEINT ImameammmuummwamauLmumiawuuav
ﬁzammmiﬂunumm'} Luaqmﬂmuﬁquuaam'}m'ﬁawmmmammmammmmiﬂ
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Condenzed Tray

R ——
W heels

Ml 12 NsiauAIeanARTUINALTEUILIAEN
na: Insdviuazmniy (2548)

Somchart, et al, 2000 la3d8uarNaIUILATDIBULUUTNAIINSOU (Heat pump Dryer) d1msuau
wanuginnldTwiudeunuuiudnlnangniad (Lousiana State University, LSU type) dauansly
A9l 13 lnedrulsenouvesssuutuaiiuiou Heat Pump asuanslunini 14 fsusznauliaig

e o o o & s s & s
guUnsaindAgyeall 1. AosLnalwes (Compressor) 2. ALY (Evaporator) 3. ADULAULYRTALAY
n1euen (Internal and external Condenser) 4. 1ALULTUI1987 (Expansion valve) 5. NAaNAABINA
(Blower) Fapsasauanaudumdadniudenleonwuulillgumainldeuuialiiiu 43 °C awisaan
ANTULANIN 22.22% w.b. anaunde 12% w.b. laglddnsinisinavesernia 9 m*>/min-m?

= o o & o sy _a = 4 <
paddy ZINFIN1TRURAANAANUTIIILAILDNRAY 97% WATAIULTILIWUAN 96%

? Dry bulb temp. sensor

? Wet bulb temp. sensor Tempering section

In. condenser
Air damper \ Heater 3¢ Q

= ~ Blower T —
< Qly - : #
7 1114 ) Drying section
\ ? | -
Evaperater—_ s

| | | N

n ¥ .
Controller—t+ ren ° ° Fib-Fab discharge valve
‘ Ex. condenser

ICompressors- 3

! = |
° Vibrating conveyer

DRYER

HEAT PUMP

awil 13 geuuvuidnlvangniadn (LsU) safuszuutuniudou (Heat pump)
#ix1: Somchart et al (2000)
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(E- Evaporator In. condenser

Air D>

Expansion valve

Ex. condenser

€
Solenoid
2

[AYNNYAY
Accumulator Compressor

mwﬁ 14 'msazw%um'm%’au (Piping diagram of Heat pump)
31 Somchart et al (2000)

auwikazAuy (2560) lWosnuwuunaziinuissuudiueiniatasszuuianududnsunisiv
Snvnudaiuiiis Geszvuiifautulnidamisanvauldtigungivasanutuduivivesoinie
melupaiuinyilaglifeddiedosanautu Tnsflgamgd 15 °C wararwdu 40-50 %RH Svuintios
2.2x2.2 x8.0 Wn3 (M19x0712xg9) anansnquudniugle 8-10 fiu gunsaldruuszneuiidrdguossyuy
wesinanubuie 1) roumsawes 2) Aowauiges 3) nduluduind uas 4) wnedeiduisian
unsaedesouEsuilUileanauiudinivg qauuvessruuiifoldudnnisvesszuuiunnutou (Heat
Pump) 1Uszgndldlumsaauaugugivasanutuduindnislusios Ingldharusoufissuisa
Souiaiignneunuiwosindualdtuulnedeiosiinndeglurnnedaifuiiolinrutunisluvios a1n
nansNAEeUdLUTYANSANTTaULYAIEY (Coefficient of Performance, COP) wirfiu 4.02 waziile
Feufussuuiuilismtuiniomaaiuiuaunsnussndadmdsnuldainds 40 % wazanunsnifu
Snwndaiiuginlitinaunmildnudons fuanddunini 15 wag 16

AN 15 afudnsunaAuSneanRuSia

]

U7 9 UULaz AL (2560)
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AW 16 seuuvhauduiissandannuanmsvesssuutunnuiou
137: 2 uwYkazAnE (2560)
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gunsal

S i e

35015

1.
2.

& o
AIUYUAD

521 U8USN159398  (Research Methodology)

AoLNsALRsULNN 5 usa wiengunsalssuulAesinAuby
podifunazpodefoudmiuszuuiueiuieu
pUnsaimuaugamgivesszuuiunnudeu
wifsauaufunudeusiin PU Foam i 2 9
gunsalinszuulnih

winafletiufindoya snumgiuazanutuduinsvesenne

ONLUUTEUULATBIAAANUTUAIBITNNT AN DULUUTLALS DU
sonuuUsEUUluauSeudniuntsanauduuaaiugamass lnefikeuladmsunisan
WAANUEHANFUTUAY 18-20 %w.b. wavhn1sanAuduliuge 11 %wb. wazauise

anAuduuannugle 250 Alansuse 1 sou lagldszazalunisanarudulssuia 10 93109

gaunnilviesaueglusening 35-43°C uaganududuimsnngluviessy 25-35 %RH Iaeilgunsailuns

° o a 4 & 6 ) I3 . s &
VN9UNANG AD ABULNTALGDS (Compressor) LongUuyUINa7 (Expansion Valve) Asagigu (Cooler

Unit) made$au (Condenser) wazuiinusoudmsvanninudunaniug lagaiuisaaiuianig

aanuwuUszuUtuAMuSaulasaauniIsn 1 89 5

AUNIAWINUIMENAATIBTBAUAATUTAUANTUTIFBINTT

. 100 —M;
W, = W, (mu—Mf) (1)

Wmdndaiugndinisannnuiiu (ke)

©

mdnwaaiiugnounisanananuaiy (kg)

©

ANUTLIANTUENRBINTT (%w.b.)

= = =8
D)k Db Db Db
©

=

.

©

ANUTULAATUGUAY (%w.D.)

aunsiualsnanhfdesnssieoananuaniug

AUN1IAWINSRIINMITTIMEUSINANNIsanaNWANTUG

Y

- {mw) (3)

w +

P - a HP= T

Wa  m, @D UU1UUINABIN15581888N (KSwater)
m, Ao IRIINTILNYUDIUTUIUUT (KSyate/NT)
t Ao seggnabglunisana Iy (hr)
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aunsAuanUsunaunlglunsanAINuTU

(g )
— u
Inﬁ - I:'Vo'f—v.'[:l (4)

©

1avesonanlglun1sannudiy (kg,/hr)
R IUTUUNTABINILLAEDN (Kgyate/NT)

©

SHNTIEIUAINTUTBIDNANAINITANAIUTY (KSyuater/KSryai)
DRNTIAIUAINTUTBIDINIANOUNTANAINTY (KSater/ Ky

=
D) D) Db 3& D) Db

W, 8
o 9 ANUNUILULTDIDINA (kg/m°)
Q. 9 Usuaeundedldlunisanautu (m?/hr)

uduUsuaauidesldlunisanauduilaainnisaruaaluldninigs Compressor vo4

sguuduanusoumelisunsy Psychometrics Chart

3. 9ONLUUABUANAMUTWLAATUSULIN 1.8x2.4 x2.3 AT (NT19x819xE4) a11150AINTY

[ [ v a [ ! v v < < 1Y v = v 1

winnugla 250 Alansusieniseu 1 seu wrlsisaduiilvaluawiuiuauseuiiedesiunisaiem
aufouannnglusenludinigluneniies uazesnwuuligeauansanioudeluldnuluaniuisineg
g1

4. ahevunuugeukazssuvduanuseuluiesujiiinisvesanduidenunsimngsy

a

5. mmaaumsﬁwmuLﬁaqéfﬂummiﬂﬁﬁ’ﬁms (Woke Shop) lngld Data logger Tuiinaaumgil
wazauBuduivsanelugou
6. MPFRUMENITMITLTInzanvesszuuunudeu Tnslumsvageuiildiunsged
W3UAIUES (Hight Pressure) va3szuuvinadnmnduld 3 sedu Aa 200 psi 250 psi kag 300 psi ka7
Sufinuanisnaaosdall 1) Aussdudush (Low pressure) 2) gamgiinasarmiuduimsaelugou uas
3) nszudlfindlday
7. UssdiudseAns N nuaraus ST T ASe1anAIL Y é’wmiaﬂmméﬁuLuﬁﬂﬁuﬁ:ﬁ"amﬁaa
§1u9U 250 kg 91NANLTUBUEY 18 %w.b. TFanasndes 11 %w.b. nmelusvevinan 6-8 $2lus Tagd
NITUTZHUAIANTTOULHE il
7.1 5mﬁmiﬁﬂmm$}lu (Moisture Condensation Rate, MCR) ﬁaﬁmiﬂﬂﬂﬁﬂDULLﬁuﬁﬂﬁ
Swdvaimmeslussuuianuduiuladeddaiivandossansnmnisiennuty Tned
Auduusad
MCR = mae(Wai — Weo)X3600 , Kguater /h1 . (6)

7.2 8R5IN15AeANLTUTUNE (Specific Moisture Condensation Rate, SMCR ) tduaf
waRUSUNUANNANUARINETUlUNTARALTY TRglANUAUNLSAI

SCMR = mye (Wei = Weo)x3600 / Wet KSwater /KW e (7)
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7.3 AnuAuUdsandsnudng (Specific Energy Consumption, SEC) tundasnuildlu
A158AMNUTUADUTUIUUNNAIULUUANNDLIUUBLIHHDS Lagdmnudunusell

SEC = (Wneix3.6) / Mye (Wei = Weo) , MJ/Kguater .. (8)

7.4 A1UsEAVSNINTDUATIEAANTY (Dehumidification Efficiency) Ana1nensIn1Tin
ANNTBUABMANUANSTIIUTEUY Inediauduiusaal

COPgehu = Qc / Pret e (9)

g MCR e Shsinsemnnudiu (KSwater /hr)

SCMR @9 $M91MSAeANLALT g (KSwater /KW)

SEC  fp AnuAuUAemsanusmng (MJ/KSater)

COP o, A1® ANUSEANS A NTBILATOIANAIILTL

Mee A0 SnTINsvalanavesemaiiinudnulameons (ke/s)

Wi Ao ShauANTuAsudN SN UUBISIne S (Kuater/KSary air)

Weo 8 Shsnduaudusanainduildaisines (Kwater/KSary air)

Whet 7D mqu%ﬁﬂaﬂﬁﬁ’mzw (kwh)

Q. Ao USuaumsndnsIn1syinausau (kW)

Pt Ao ﬁﬂé’wufjw%ﬁiﬁﬁ’mwu (kW)

8. AATNRANUANAMINATYANANT

stezauazaauis vy
szpza iUy 1 aanau 2562 89 31 e 2564
souiidniuey #0101 EATIAINTTH
AUEITUNUATIAINTINVOUKAY
AudiTeuazimuudaiugiivivedlan

AUSITU AT WAL LAANUS NV ULAY

9

&
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Nan15IvewazanUsiena (Results and Discussion )

1. NANTIS2BNLUUSLUULAIBIANANUTUABITNS IIANSaURUUTUNAIUS B Y

Tunseeniuutiunnufeut (Heat Pump) aveenuuuiiielildomaiiusnouhluoudniiug
fndnnsyheuie Wennelwariupedeidu (Evaporator) titelnavedleviinnismuuvuudandu
freonunduneauiudvilianutulueininanas wazndeainduliernidlvanunededou
(Condenser) tiafiuarudouliivornia vlildeniafuisluanaudumdniusis wdnnisves
izwﬁmmaamuqmmmﬁﬁqmmﬁ 35-42 °C warAUTUENINS 10-209%RH Faduauiiuzauiiy
mia@mm%umé‘ﬂﬁ'uéﬁam%aqasméﬂ

AMseBNRULTBITEULAnAILTuduRnSTie R lddan1azenanuiidesnistuasdeonde
UANNTANUNUNTAMENURAVRIBINA Tnefiszuvanautuiuazendonisemuiiuvedletilueinidlag
fdnwarnsiinuie Weenmaduiatuamnubuiifigamgiivihduviesnigamgl ar 9nthéng (Dew
point temperature) Y8491 loshunsdrufiazndushosnunfureunanilinnuiuduimsaes
91INAAAAY mmLmﬂﬁhﬁvmwauLLﬁqﬁlﬁmﬂivUU%mmm%’au (Heat Pump) fuauSeudildann
Lmaammmmﬂmaumﬂ wiia s Bmmesluih e msaiwﬂmmauammwumﬂu amau il
mwmuauwmﬁuaammﬂmmw auus Wi faandlunmil 3 Geeududuimsaesenmeiariing
maﬂazamamweuaqmiamm1mjuLuamwuqLLas%amwuﬁﬂumﬂmuamamaaLuam Faaganansaviiliaa
nsanALTuanadle

weved

uuuauuue
NERA R

A 17 ununillelasueng (Psychrometric chart) WaRIAILLANATIIENINE AUWAS UawTau

fiun: ASHRAE (1998)

Tudinvesniseanuuuszuuiiuauiouiidinusenevresgunsnifididey Ao Aewunsaives
AouALIeS Bnduludunndd wazaedeifu Sudnnshauduandunimi 18 nanfe Tiinaugels
omalvaitunededuneunagndennlvionimzuiiunedsdeudsenaaziinisvenfvinlviaay
uureseNAanas Jsdmarilfgangiguuazauiuduivsanas Jdldanmzennmaduuuuay
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wis Tnsszuuiiunudoutiasmuaunishauuuussuudaluifse PCL eliaunsaniuaunis
yhauvenedesanldmufoimauagiicnuuugiigs fsnsananutundaiudivnsgatieeios
finanazannsndisssndnnatlfidenisuiiisutunisananufufsuaunn s1ulsauazean
Tugsitlifuasunndniislidmasonusen aruuduswazorgmafiuinwmesudaiugiivnszgada

Inside Heat Exchanger

Reversing Valve

NN

S

i

L s
Bypass | Second Vapor
Valve | Thermal Refrigerant
Expansion

Valve

Outside Heat Exchanger
- ™ -

Hot

Air

IRER T

S -

I I
Q) b~
“@ Q/ LS Bypass
Valve

—
Compressed
Vapor

Compressor

X

First
Thermal
Expansior
Valve

<+— Liquid Refrigerant

A 18 szuutlumnuteu
#x1: trueHVAC (2556)

2. wamIvankuUIEUUUNANSaud M UNMTanANUTUIAAWUS IR

ndeuladuiumsannnuiufe wintuslamutubusiu 18-20 %w.b. udwhnisanaudu
Tnde 11 %wb. uaganunsnanautusdanusld 250 Alansuse 1 sou Ineldszezinailunisan
ArtuUszanm 12 $2las gamgiivesevegluseuing 35-43°C upgarududuivsnieluriossy 25-35
%RH wavdoulvan nwindouduy fauandlumsed 5

A15197 5 wansswazideaoulvdmsuniseanuuuszuuduanuioudmsunisanauiiuuaniug

N ALY
anudi sren1sseulunIseanuy

1 gaunilviaseuy 38 °C

2 ATudMETeIaU 35 9%RH
3 Usunaudndos 250 ke/50U
q nanildlunisaneudu 6 hr

5 mm%umﬁﬂﬁuﬁ:ﬁamﬁmﬁ A 18 %w.b.
6 mm%umﬁﬂﬁuﬁ:ﬁamﬁaaqm?ha 11 %w.b.
7 QNI INIANTIDULNY 36 °C

8 AL udIT S S TS a5 %RH
9 gaumgiianeAkIndaunIeuen 30 °C

10 ATudITMEIAd LB UeN a5 %RH
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wazanMsAwIlaensldnaudRvesainiamuwNugll Psychometrics Chart llananTs
ANUIUAILAAILUAITIN 6 FIUSUIUANTNABINSITANNSUNITANANUTUWINAU 707.98 m>/hr

A15199 6 HANIIAIUIAUTIUSHNUANTAIRE NS UNITARAILTULLAARUS LA D4

aaudi 31881980 NANTSATUIN wuae

1 dhminiSudu 250 kg

2 ﬁmﬁfﬂqmﬁw 230.34 kg

3 M Idues 18 %(wb.)

4 ATRAUAATE TR 11 %(wb.)

5 oamgiionafildouusis 38 °C

6 LIS AT de ULt 35 %RH

7 AdnsELAILTY (W) 0.0125 kg (water) /kg (dry air)

8 ANMIUNUILUTYBIDINA (P) 1.129 ke/m’

9 QUMY IDINIANEIDULY 35 °C

10 AL TudiisennAng e Ui 45 %RH

11 AdnsdunnLTy (wy) 0.0166 kg (water) /kg (dry air)

12 guugilonAwindes 30 °C

13 LIS N ALIng D 70 %RH

14 naildauuis 12 hr

15 U%mmﬁﬂﬁﬁaqmiismaaaﬂmﬂ 19.66 kg (water)
Product

16 SnsnssEmeteanan Product 3.28 kg (water) / hr
Uinaaufidasldlunisauuds 707.98 m®/ hr

MnramsfnUiinuauiidedddmiunsaneutundaiugiuniedudrsiudaviin
707.98 m’/hr wiaeUszanm 417 cfm antuisldiusunaausnanuldmuimmansynsyiiaudu
yo9nodeaiuLazvunnedsdeuvessruuiunnudoulagldlusunsy Psychometrics Chart fauans
egslunmdt 19 Fawanisiuanildainisenmsineuduresreumsaweslusyuuiunnudeuile
WU 7.53 KW uazaunaueinodeseuiniu 8.23 kW uayldoenuuuisasssuuunnudeusuansly
Al 20
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27 19 Fegmsiglusunsy Psychometrics Chart Anamnauneuesseuulumiusou

1 2 [ 3 | 4 [ 5 | [
o w & g 5
LUUUsenaussuL Heat Purnp awwaﬁmpwuguamwuﬁ
Connect to Hum. Controller for Humidity @ (gaumgiives 32 - 43 °C, Anuiiudising 15-30%RH
Connect to Temp. Controller for Room temp 3—‘
A
17.Temperature &
Humidity Sensor " =
. N [m7x]
\\:u I - E== ||
-z 5
/"f ®
8.Expansion
c h Valve 16.Control Panel with 8
9. Alr Handling Unit =) Ternperature and
(AHU) Humidity Controllor
7.Solencid
14.Low Pressure  15.High Pressure Valve (@] 6. Stop Valve ]
) Gauge Gauge f
Insulation
2.Alr Cooled Condenser
13.Dual Prgssure 5.5ight Glass ¢
Contrgl
4.Filter Dryer
P —
) [3}
10.Accumulator 1. Compressor 3. Recelver Tank
anAdunensiAns sy . , | et - wannansiew (Pioing dagram) Anf)s 5 a1 - 2562 sEnwuUieE ¢ RN SRy
AIGINTIAYAS s et fure S w1 W m Aunilee © wwsmas iy

Al 20 299sszuutiuauey (Piping Diagram)
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3. NANNIDINUUUGANANUTUNEANUSAIWEDS

ndeuluniseenuuunmualiuiuiunisannudumiaiuidnniessgegamiiiu 250
Alansw/seu Aldesnuuugdananudulviduun 1.8 x 2.5 x 2.3 A5 (1919 x 813 x a4) Askansluning
21 ugy 22

7 I B s : I s g
‘ 3100 _|
s
g .
950 950 [
c
5
8
AontAS L nEasIAIN Y Tasanns : winsaufhusamisou ddiou s e anedn (i - Tadums) WIATIETY 12 50
ATIYINTINYAT Furu : Taseada e il = 16 unTIAN 2563 Wik - 1
: 1%
= I ¥ v A
AN 21 LUULLERS AINEFINVDNAAAAINTU
-
.
e
o
antiuATInEasIAINTIY Trsans : wissaufiupasou @iou: annn aedm] (i3 - fiaduinT) WATEN 1:25
NTUIYINTTNYAT Fuame : Taseasna fnTI9 Fuit : 16 unsIAN 2563 w1

a aa v &
ATNN 22 LLUU 3 46 LLa@ﬂﬂqﬂiumaﬂaaﬂﬂqu%u
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4. nan13asuLUURaUsTULUNANTOUY

MNHANTBRNKUUAANANTWLEATUGIIWdDY Fdlarlunsadaasewiuwutludiuresdan
AnuussLandlunnd 23 lnelsgazidendisil
1. YUIANEUBNTBIRBU 1.8 x 2.5 x 2.3 AT (NI x 817 X &9)

2. auuntisgouduliy PU (Polyurethane Foam) adiunun 2 13

MR 23 HANTAILATRRURUUAAAANUTUNAATUGA NG BT

an1saaadosiuLuuludnseaniewhanubudmivssuutuanuieu annisatiegan
ATITUTIA 1.8 x 2.5 x 2.3 1As (019 x 81 x g9) Faldindunsadissuuiunnuioudessuui
senlmifuszuunuy (Hydro Heat pump) Ao n1slireumsawesviidureu neld shell and Tube
Fufwanidsunrudoussinashamuduiuiundlidudailudmedeudniinis ununisda
arsvianudurudnuUuiuI1d (Direct Expansion valve) 1inldlunedeidulnenss Favguai
oonuuuliszuutuadeuldihBuiiiotosuldlvussudiusi (Low pressure) vosszuugafuly B
adanalviusadiudugs (High pressure) getummuilugne uazenavilineumsawefinumdnauduly
(Over load) fauansunuasasszuvlunmil 24 uaznanisadrsssuuduninuounuy Hydro Heat
pump fauanslunind 25

34



2 3 4 5 6

@ & & o ©

WUUUS¥NBUSEUU Heat Pump ﬁﬂmuaﬂmgu'uuguaﬂwuq

Connect to Hum. Controller for Humidity ~ © ] (gomqiives 32 - 43 °C, MRAUAING 15-30%RH)

Connect to Temp. Controller for Room temp 4
17.Control Panel with | & A
Temperature and
16.Temperature & Humidity Controllor
Humidity Sensor
N\ —
/ l] Q 9. Shell and tube | ; E 7. solenold
8. Expansion Valve 8
11. Alr Handling Unit N Valve
(AHV) g,«
s @ 6. Stop Valve
13.Low Pressure  14.High Pressurel 10. Water pump m
Gauge Gauge
I@ulation
2.Air Cooled Condenser & s.sight Glass
12.Dual Préssure c
15. High Pressure
Control 8 4.Filter Dryer
=
 —),
D )
1. Compressor 3. Receiver Tank
aniiduinwasimns , | e svnnerm icing dagrae) |vm 502563 I:z'wn_'.m ]
S wuLUTEnaUIRLY Heat Pump dntusesradua faig . -
ARGTIMINYES [+ | - |

AN 24 LNUNINNRTIZUUTNAINSIULUU Hydro Heat pump

Control Panel

Heat Exchanger

Compressor
(Shell and Tube)

Expansion Valve

High — Low Pressure control
Solenoid Valve

And

High — Low Pressure gauge
Water pump

Air cooled condenser

AN 25 szuutuAnuseuluu Hydro Heat pump
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5. HAN1SNAFAUNISNULBIAUVBITEUUANAMUTULUUUNAUS DY

ndsandildviinisadianiosdunuuiiouiesuda Felddndunisnaasunisiauves
Lﬂ'%laqﬁw,wuLﬁ@aé}’uuaswma'emé’uﬂiz?méammumaaswU%umm%au (Coefficient of Performance,
COP) Sufingamgiuazanududuinneluiazneuenganautu wagtufinnsldlafiiiletnsey
Uimnaunslindanunuiastssdniamuessruuiuaudou fwanimeasunstufingungiuay
AruFuduinsfuanduassd 7 faudidanarmdunuuiuanufeutannsomuqugunniuas
AT uAIIMSIE R FomIuEe 36.741.04°C uaz 35.20£0.69 %RH AudIRy Fudiulddaiaudn
meusnileutuduivsiadogeis 70.99+3.6 %RH Fuandlunmd 26 Sawanismeaeuivedlidiui
sruvilumnufeuannsamunugumniuararududinivddwiunsanmntusdaiuddundodldn
ﬁ"]LLuzﬁwn'ﬁammu%juLmﬁmﬂ’uﬁj

M990 7 wanadeyagamgiiarauiuduinsvesdevananuduluudiauiou

an1azaniAniglug §11322INANEUBNG
- & o o - AUTUFUNNS
ey (°C) ATUTUFNNNG (%RH) gaunnu (°C)
3 Y 3 U (%RH)
36.7+1.04% 35.20+0.69* 32.71+1.09* 70.99+3.6*
*ALRAE+SD
. Tempertuer and humidity inside and outside chamber 00
U U
45
40 80
Q 55 - - - e - :.’ — ’:E
o030 A 60 &
= L] \_:
© 25 =
1P 1 o
220 N o—do———beo—d Lo %0 E
2 15 = T
10 20

o n
(]

o
—
o
i)
)
(W]
o
iy

0 50 60 70 80 90 100 110 120

Time (min)

AN 26 uansgamiluazARudIIEAglularneuendeUaRAINT

36



6. NANISNAFIUNIENIIZNISNIUNNNNLAUVBITLUUTUANUS DY

mimaa‘u‘mam’;zﬂwiﬁw]uﬁlé’ﬁmumé\gaﬁi'n,mé’fuﬁmqa (Hight Pressure) 984352UUY11AY
Buld 3 seifu @e 200 psi 250 psi waz 300 psi Kawansnisaaarlunnit 27 udrvinnnsduiinnanis
yiaaesdail 1) Ausaduiiui (Low pressure) 2) gamgiiuazarutuduivsnielugou Tnsarnuants
NAFDUNUT ﬁLLiaé’uﬁmqa 200 250 wa 300 psi usuIusITU 60 70 waz 80 psi auaIsy I
gumgiinielutesagluts 30-30°C, 36-40°C waw 42-46°C Auddy faududusivivinty 38-40
9%RH, 35-38 %RH Way 32-36 %RH AUEWU Fauandluniseil 8 Feanuanisvaaeuwandliifiuii i
WS uAUgUYiiY 250 psi Juusauanngmsvhauiivnzausesssuudunnudeudmiunisan
Arududaiusiamaes Tnsfgumniuazaruiuduivdniglugeuwiniu 36-40 °C uag 35-38 %RH
AU Fauandlunmi 28

High — Low pressure setting

AN 27 LAAINIT6IAT High and Low pressure 9835zuutuniusiou

M5 8 HANTVIAFBUANTIEMIVINUAN I EANYRTEUUTNANUT DU SIAUA UG EAIUAN

WIIAUAIUES wssuFuAn gauuniinulug ArTuduTS
(pisg) (pisg) O (%RH)
200 60 30-34 38-40
250 70 36-40 35-38
300 80 42-46 32-36
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AN 28 UARNEAIMILATANUTUTUIVETNIAN1ILWTWUA UG 250 psi

7. HaN15USLLAUANTIOULVDILATDIANAITUTULUUUNAINUYU

RNNTUTLLUAUTIOUY “UENLﬂ’i@\‘ia(ﬂﬂ?’msﬁuLLUUﬂMﬂ’J’]@J’i@uﬂ’]MiUﬂﬁamﬂ’J’]mﬁuLM@@WUSO’J
NGRN Imau’mauaammmLLammmuamwm LLauUimmmmlmﬁ]’mmimmﬁmu m%mmmmmammw
6-9 WU fiAdnsIn1sanANTy (MCR) Wwaswirfy 4.09 kwater /NI flA18n5IN15RIAINTY (SMCR )
FUNIENY 0.745 KSyater /KW flAnauduUaemd g (SEC) Wwaswintu 4.83 MJ/KSwater
LaEiAUSEAVE NNUDLASEIANANTY (COPyr) 2.91 fauanslunisnadt 9

A157197 9 LanINan1sUTELUUIEENEANNNTANALTUTDIATBIAULUY

sremsUszfiuUsEansnTiASesanAuTY Nan1suseIu
1. $nsImsrerNEy 4.09 Kgyater /hr
(Moisture Condensation Rate, MCR)
2. SasINnsAIPILT RN 0.745 kgwater /kW
(Specific Moisture Condensation Rate, SMCR)
3. AR ST US e 4.83 MJ/KSuater

(Specific Energy Consumptlon SEC)
4. mﬂi”amm‘wsﬂaﬂmeammm“uu 2.91
(Dehumidification Efficiency)

Feanuanisnaanudinit Ar8rsIn1sanALAu (MCR) YouATsAULUUDIRETAGsnle
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aruAduAaasugmansluiuneudely elinseidimudualunisdndulaldnuedonuuuy
Jurnufeudwiiunmsaneutiudaiusiamies
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wisugenans lnsanunsausndusiunuasfinassiunuLUsiunal
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dovssfumnudueuagdununsnisaaaudusdaiusduniesiegeunuuiuniudouts
Funuasiinazdunuuusiy eldlunisinnsandseneunisdeduladenlfnugouuvuiuanudon
wud Afden1sudn 20, 30, 40 wag 50 Fu/d Tfuyunisldnugouuuuiuniuieudmiunisan
mm%umé‘mﬁuﬁ:ﬁ’amﬁaqwhﬁ’u 3.65, 2.73, 2.28 uay 2 UIW/AN.U auandiu sanandlunini 29

Seed drying's cost by heat pump dryer system
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20 tons/year
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____________ (2 Bahtrke,,,)

ed drying's co

Seed drying production capacity (tons per year)
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To study the effect of heat pump dryer system on soybean seed quality
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Y Y] X v aa Y1 o a a a a A \ ]

WUFNENTINITANANYUAILTT HA TviAmTianms 4% luvaen HP wazuase 1 indiinngeninwagie

aaa | 1 1 o 1 a o o 2 aa 1 1 dgj v aa Yo

doalgdeAliunnseiueg 1 ltud Aynsatifeglugag 8-11% n15anAuumeds HP TidA1ANeen
WINTFIWENFAWINAU 56.0% Teaunpelsuase1induay HA winiu 51.0% wag 50.0% auaau d3u
AL TTAATITElagALIeNN1enaIN1ssIgliuand 19 unsEunssuds anduiwdaiugin
widosliiIuNseUNtEINNsIAT LAV N TiaamgRvenlunan 4 Weu wiednwinsiUdsunlainu
AN TMNTDIUAANUTNUIT A1UTUTDUAANUTAOUT9AITIISEUNTSUITRARRTEazIa NSNS
1 1 1 < (v I3 (v & [ [

A15¥MIN9 9.12 — 10.79% 8819b5AMUAIEUAINITLAUSNE 4 HDUNUIIAINIBNBATAINNIBNNENA
N13i599gveRNAnNUgIINE 0 TIanANTUMIEIT HP fiA1gelign sesaunfen1sanaudusie HA
LATLAIDNRE AALYINAU 42.8% way 22.5%, 31.3% way 16.5%, waw 31.0% way 10.8% anuainu
NHANIINAaRA1N5aaTUlIIE N saRANULUY HP dewansenudenisildsuudasnaninia
Mendinisanaudutazlussninanisinuinwdesigaewseuiieuiunssudsdus) dwuisnisan

AVNAUME HP Nlaamgiisening 37.4-41.9°C WWunan 5 Falus FaduiBuavanneivanzandmsuan
AuFuwanugaamdedliedluszduvasnde wazauisouusduienaununIsanaA LT usIe
wasenfinglel
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Abstract

The suitable conditions of heat pump dryer compared to hot air oven and sun drying
(control) on qualities of soybean seed cv. Chiangmai 60 were studied. The drying soybean seeds
from initial moisture between 16.93 — 19.58% to final moisture of 10.90 -10.96% (w.b.) was

conducted by three drying methods. The drying time of heat pump dryer (HP) and sun drying
were 5 hours, and drying temperature in a range of 37.4-41.9°C for HP and 40.5-44.3°C for sun

drying. However, the longer drying time for 10 h was found in hot air oven (HA) due to the

lower drying temperature between 37.0-40.1°C. The lowest percent of seed cracking was 4%
observed by HA method. The higher cracked seeds were found by HP and sundry methods.
These two methods showed non-significant difference of seed cracking, and their amount in a
range of 8 — 11%. The highest standard germination by 56.0% found in HP method, followed by
sundry and HA methods that were 51.0% and 50.0% respectively. Moreover, seed vigour
determined by accelerated aging test, did not significantly differ among drying methods. Dried
soybean seeds, thereafter, were stored at room temperature for 4 months in order to
investigate the changes of their qualities during storage. All drying methods did not affect to
moisture content of dried seeds that mostly unchanged and showed between 9.12 — 10.79%
during storage. After 4 months of storage, the highest standard germination and germination
after accelerated aging of dried seeds were revealed in HP followed by HA and sundry methods
that was 42.8% and 22.5%, 31.3% and 16.5%, and 31.0% and 10.8%, respectively. The research
could be concluded that the HP method slightly affects to seed quality changes both after

drying and during storage compared to other methods. Therefore, the HP at temperature

between 37.4-41.9°C for 5 hours is suitable method and condition for soybean seed drying to

desirable level and could introduce instead of sun drying.
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U (Introduction)
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521 U8U5N159398  (Research Methodology)
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2 ‘UuwﬂamwmLLavmmaaaumm%umamwuﬂmumaum 1 wow 2 vosusazdu fuay 3 90 was
Suiinszezafianauiiusidaiusivie 10-11% wb.
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Duncun’s Multiple Range Test
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Nan1598uwazanUsiena (Results and Discussion )
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38109 37.4-41.9°C dmsunisanmnudusile HA Toszeeiian 10 97lue Tun1sananuduain 17.55%

Hu 10.96% gaumgiinsanautusgsening 37.0-40.1°C lurugiinisanaudufouaseniingld
srppian 5 dalus WhAUTB HP dwduaneutuain 19.58% 1y 10.91% lnefgaugiioglutas 40.5-
44.3°C (1157991 1 UATAITIAIARLIN N) mmm%’aﬁmumwudqmiammm%uﬁ’mamﬁqqmmﬁ
\ady 28.33°C uazATuudITS 24% anunsoanausdeiugiandosnin 22.6% mie 11.9% u
nan 16 43lus 32 wit Tneannzdananlaifinaderuenuazauudaussvesudniug (Krzyzanowski
et al., 2006) a8 slsAmuaINnIMAREIENLIIN1TARANNTURETE HP Yilhudaiudunningedian
WiNAU 11% LLGi”L:u'LLmm;haaéwaﬁﬁaﬁﬂﬁ@wNﬁaaﬁumiammm%ué’ammmﬁméﬁﬁmwmmﬂ%nmwﬁ’u
8% agndlsfimunisanauTudies HA Semilanuintu 4% nisanaududowasefindidunisan
arutuluszuudnisliaunsmuaugamglld szevnansaneutuistuegfugamgiuazeanuiu
duimsuesennia o Pranauf Ry 5‘3@&;mmﬁiumiammm%yumﬁmﬁuiﬁ’amﬁaﬂﬁjmitﬁu 43°C
(Ashrae, 1999) uaﬂmﬂﬁﬁmiiwsmmfwmia@mm%umﬁﬂﬁuﬁ:ﬁamﬁaqmiagﬂmm 38-41°C F9azly
dmansENUBAILAN AL AINENTBLLARTLS (White et al., 1976) uazn1sanauduiignmail
%79 30 - 40°C iajwuwamwwiammﬁ%imaﬂLuﬁﬂﬁuﬁjﬁamﬁaq (Potts et al.,, 1978) Farue1ana
§ngungiiflimuzanisduanneundniidmansenuiennuunninveawdniusnendanisan
mm%u wiegalsAnuarseildadadedug wu FasmslnaisuretenAuazauiuduinganely
\A3830U (Boyd, 1974; Brooker et al,, 1974) (Judu mmumﬂmaﬂmmmmamﬁ HP 1M1 56% lal
uAnAIIERAaINAITANANL T LR sLAETIRg LagnuTINTaRANTURIE HA mmwmaammam
ogslsnnnasuislddnavilfrianusenniendanaidsenguandisiu (m3afl 2) dedumsanaiuiu
fae HP flgnumgfisswing 37.4-41.9°C swogiaan 5 Halus anunsnanmuTumdaiugdundediody
seiuTivaendosenisidenanmueaudeaiiuglifolitiu 11% wazhidwansenudoanusenunsgiu
mendinsananutiu Fan1sinanetamaunuisnmanaautiudonaefingld udedrdlsfiniuans
AnundamdunaresmsasunlasgunmisdaiusiivdedulsaznsndSsenitsnaiiuinwiiesnin
mwm?mmasuaqLuﬁmﬁuiawmLLamﬁuﬁmwé’m'ﬁaﬂﬂ’nm%u (Tudy, 2542)

a9



& A

ntuhwaaiugiumdesiianmuduiiannssuisu nivinwilaaussygedu waziiusned

gauvigdl 20-22°C muBuduivg 60-65% LHuian 4 ey wuleuTudaiugiionautudes
HP, HA uazuasofindneutiusnel (Weufl 0) flAn 9.12%, 9.70% way 10.31 AUAIRU (M15197 3) &
wuiisnsanauTuiinaderuuandnadivesautu TneAindenuiueesis HP daidiian
Wiy 9.24% sesasufie HA uazuate fing AU 9.67% waz 10.39% audiu wisgalsiniu
srovnannivinwldinasonuiu fmuimsturensdaiuglunnnssiiBreutisad (e
3) dwduesifudnnuseninasgiuniendinisananuiudeumafuinwuimsananududie Hp
fivofifudausengefigauintu 56% dmiuausenves HA waziasefinddauviity 50% wag 51%
puEU (15197 4) FeamaiFsuulaswesesenidaznssuisiimanaduszninnisifvinwedadl
Foddny Tudoudl 4 vesnafivinwm anwenveuudaiugiuvdesiianmiutiudeds HP Jaiiy
42.8% FadiAnganiinisannududie HA wasuasonfindegnedidoddaiidminty 31.3% uay 31.0%

ANEINU @OAAADINUNAILATIZANNEDANUINITNITANAUTUEINAR AN g1l Ty d 1Ay Y

'
a

wuinAnaderels HP iAimuengnign sesawnfe HA uazuawe1iing luviiesdeliuszesiign

q
o w a

mafiudnurhlianusenanasegrsdifedfymeadnananadeisusiu 52.3% wis 35.0% lufeud 4
voamafuinm (mM31el 5) uonand anuudusaudaiugiuvdesilinsgilasamiusonnnends
nai3901y Teanatedaiiteddgmeadnnendsnmaivinuidunat 4 ey tnevedadeiznisan
AT LAEITELIAINISAUSNWdNaREN1TanasUeIALLTIL TR g lTed Ay 19@da 9nwanis
NARBINUIIANRAIAILIBNANINAINNTIS IRV 22.9% uavanauvde 16.6% luifioud 4
druiBnsanaudunui 33 HP Ssadlirnanuudaussgeiianiie 22.4% wnssegeditfoddynsada
dlaiFeuiisuiunsanaidiugig HA uasuasoMindsdanyinty 17% uay 13% auddu (39l 5)

ANUsENKArANNRDILITlUAnTugIIndeINanANTUAIETS HP In1swasundadlussning

2 o v | aax & oA v a & W o =
nsiusnwdinInisnisananudusug wiigamgilunisananudugeanivindu 41.9 °C uazdl
gaumQiiladeegi 39.7°C wionaillesandnsinisivaisuresenianiglugevanaiuuiianiig
o I aa o = Y] A 2 ) a a
aulaneuINNINITNNTUY FellArUseana 1,800 au.aL/43lus ¥39 0.5 au.a/Aun luvugiigumvgi
geanTaINITANAINTUMB AT IndaunnTgedauaziadewintu 44.3°C wag 42.4°C muaau Fag
n7135n1580ANFURUY HP Fevilimnusenuazanuudsianadluszninenisiiusneisanid
I luwdaiugiimiesauisanuneguugiinnsanauduldgegai 43 °C (Ashrae, 1999) o814lsf
auudingamgiinsanainudume HA azliiusamgliasgadmsunisananuduluudaiugaindes

'
=

Faflgumaiigegauaziadewiniu 40.1°C uag 38.6°C A1NT135 HP uazuasefindIanunisunniiies

D.

! ! < ° | ax & P = & o ¢
VA wANUIIAMDNUIRNTFIULALANLTMTINININIG HP aralululadnmsidenaninveudniug
flAnannisunndnvsawdaiuguainaantadedug wu arunuindusezdnsinisivareteinie
lurauzanaudu winllmunzauazdwansznuasnua muaniug (Tude, 2542) d@uannnnis
- o w & o ea & v a DY) a = =~
HonanmidAgvesudniuiianauiume HA o1aneteiunswasundasiuvuiunismedei
sEINNMIanALTUlenuiaiuiaundediosdusznouveslndugs uarisn1sanmuTume HA
Idsveiiaiuiuis 10 97lue URsedUnweseandndu (Lipid peroxidation) @13gnnsesulviiiniuy
Ingludugneendledilunsalududase vlmAnnisazauvesaisnquueadlay Alau viouoanases &9
< a 1 & 1 4 '3 a < = .
Juiiwseiwad dewalvilgadiuuiusudenig AuentazAuudussdanas (Sung and Chiu, 1995;
Azadi and Younesi, 2013) dmsuni1sanasvaiausentazauklusuwdniugianaiudusiey
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wasenindiinananuuanirlunanidesningungiasaalunisanannuiuiugaimunzaudmsu

waaugiIwaosfe 43°C (Ashrae, 1999) FnibiAnnisuaninuandemeanisluwdaiug

A13197 1 UNnNLAZsTEZIATUNITANALTY KAZALTUNBULAZIEIANANNTUTDANGATUTA?
wiesiugedlni 60 Nananudumeinsaseuluuluauiou dovauiou wasuwae1ing

Drying Method Drying Drying MC before MC after
Temperature (°C) Time (hours) Drying (%) Drying (%)
Heat Pump Dryer 37.4-41.9 5 16.93 10.90
Hot Air Oven 37.0-40.1 10 17.55 10.96
Sundry 40.5-44.3 5 19.58 10.91

v 6

A15797 2 Wesldudn1suani1 AN AMIINONNIATTIY LaTANINONATENAINIIIIIOIYVBAUAANLG

6

dundesiugidednl 60 MendinisananurumeATaseuLULdIANTaU dovauiou Laziaofing

Drying Method Cracked seed  Moisture Standard Germination after
(%) Content Germination (%) accelerated aging (%)
(%)

Heat Pump Dryer 11a 9.12¢ 56.0a 24.5
Hot Air Oven 4b 9.69b 50.0b 22.5
Sundry 8ab 10.31a 51.0ab 21.8

CV (%) 359 1.49 13.35 22.92
F-test * *x * ns

T fisvsuananderiu 95%

nnewme; luwwaiedfuardenaumednysniouiuliwmnasiueglidedfynisada

19835 DMRT
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A15197 3 WoesidudAnuTuresudaiugimndesiugiesing 60 MendinisanAuTusieLASeIeY
wuutumnudeu dovaniou wazuaseniing udniushwneamgiivesdunan 4 Weu

Drying % Moisture during storage (months) (M)
Methods (D) 0 1 2 3 g  MeanD
Heat Pump 9.12cC 9.30cAB 9.26¢B 9.37cA 9.16cC 9.24c
Hot Air Oven 9.69bAB 9.63bBC 9.71bAB 9.76bA 9.58bC 9.67b
Sundry 10.31aB 10.34aB 10.79aA 10.29aBC 10.21aC 10.39a
Mean M 9.71 9.76 9.92 9.80 9.65 9.77
CV (%) Months (M) 5.43
Drying (D) 1.49
F-test Months (M) ns
Drying (D) o
DxM x*

1Y

nnewme; luswiiefuadeianuiednesmieuiuliwanaeiuegrditedAynsadanssaunnudodiu 95%
1ne75 DMRT

A19199 4 WoslHuAAININUINTINYBWART U LMERIRUG Tl 60 ANendInIanALTUEY

9 9
4 Yy

\nsepULUUTNALT dauaniou uazkaio1iing wdniusnwifigamgiveadunal 4 ey

Drying % Standard Germination during storage (months) (M)
Methods (D) 0 1 2 3 q Mean D
Heat Pump 56.0aA 41.8B 41.08 42.3B 42.8aB 44.8a
Hot Air Oven 50.0bA 40.5B 42.5B 36.3BC 31.3bC 40.1b
Sundry 51.0abA 42.3B 41.5B 32.8C 31.0bC 39.7b
Mean M 52.3A 41.5B 41.78 37.1C 35.0C 41.5
CV (%) Months (M) 9.59

Drying (D) 13.35

F-test Months (M) *x
Drying (D) *
DxM ns

1Y

e, Tukuafeiuatadenauiednysmliouiuliwandnsiuegrdfided Aymsadanseauanudedu 95%
1ne35 DMRT
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A15197 5 WoSIUAMIINIBNAIENAINITISIDIYTBIUAATY

Soundssnusideslui 60 nnenaanisan

Ardudeeioseunuutuanuieu fouandou uaruateniind udnfuinuifigungitesdunan 4
oy
Drying % Germination after Accelerated aging during storage (months) (M)
Mean
Methods (D) 0 1 2 3 a4 D
Heat Pump 24.5 19.5a 25.8a 19.5a 22.5a 22.43
Hot Air Oven 22.5 15.5ab 15.8b 14.8b 16.5b 17.0b
Sundry 21.8A 11.8bB 11.8bB 9.0cB 10.8cB 13.0c
Mean M 22.9A 15.6BC 17.88 14.4C 16.6BC 17.5
CV (%) Months (M) 18.44
Drying (D) 22.61
F-test Months (M) **
Drying (D) o
DxM ns
fiszdumanderiu 95%

nnewe; luwwiiedfuaadeiauimednysmiouiuliwanaeiuegrditedfynisadans

19835 DMRT
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a3Unan13Ide uasdaiauauue

Bn1sanANuTumeLATeanaNuTuLUUTLAuTaudmansEnudensWAsULUAIAMAIN
endinisananudulasluseninmsinuinydesiandowSeuiieuiunsananuduiegeuausou
wazhaseIiing Manuisnisannutusuulunnuieuiigamgiisenine 37.4-41.9°C Wunan 5 9alug

= I aa d' o 1 dy @ [y} e‘a'} = v 1 [ (v}
Juduituwarannemuizand mivananuduwaaiugiimaedvedlusziuuasnde wazaiuise
LU UNNDNALNUNITANAIUTUABWEID A Lo
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unasuuasdalauaiug

mﬁ%’suazﬁmmm%nauLL‘U‘U%Mmm%fauﬁm%’uammm%umﬁmﬁuajfﬁmﬁaﬂuﬂ%mm 250
nn/5ouU fvua 1.8x2.5x2.3 wims (19 x 817 x g9) aunsomuangavnlinasAwiuduisiade 36-
42 °C uaz 35-38 %RH nuddu Tudugamgifnzandwiunsanautusdaiudiandos anua
msnagoulssiliuaussourvaAIsana Tty lagiinsanmudundaiugdaviemnanududusy
18 % Tanaunde 11 % Feiadesanautuwuutiueudeudmanssnudonisiudeunanmnm
mevdsnsanaudusarlussriniafvinutosiandenssuifisutumsanemiududegouanion
uazuasanfing Aaiuismsananutunuuduaudoufigamaiissning 37.4-41.9°C Wunan 5-6 Falus
JuduiBuarannesfinzaudmivanautudaiusdundedvioglussdulasnds uaramise
wuzdfonaununisanautudonasfingld wazannisUsaduanuduamaasugaaniiield
Uisﬂaumﬁm%ﬂaamu%@Lﬂ'%"aﬁé’ﬂimﬁmuwudw ff&anTsuan 20, 30, 40 way 50 Fu/d AAunuNS
I%QWUG]:EJULLUU%&M’NN%@U??WM%UM?E%ﬂﬂiﬁﬂ%ﬂngﬂﬁu§5?LM%@QLQSEJLVW‘TU 3.65, 2.73, 2.28 way 2
UIN/NNUTS ATLAGTY

Mnuan1TIdBIAdeseuuvuuaufoudnivanautumdaiusiundod arunsaain
gumglinielurieseuldgean 46°C mndosniniiaiesfuuuuiivlfnuouuimioannutinn St

Qq'

A ke a

y o & o a o a I = I g v X M o a
guq Nreen1senmgiainiriidndudesdndamesiniuindily eafregsmgilvasduudlinlsiiu
60°C 118991n9EV N INN5YINIUYD95EUUULANUSDY (ADLLNSAWDS) WnaN1ITLAUNIad (Over load) 4
19dalrszuUNsYinuinAUEs e e
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MITNAARLAN 1 evnauazguugiilunisanauiy uasautudaiusiimiesiusifedul 60
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%muaﬂﬂ’l’]?,JGUUWJ?JLﬂi@\‘i@ULLUU{jﬁJﬂ’J’]ﬁJiau mauamau WazLaENe1ving

Drying time Heat Pump Dryer Hot Air Oven Sun drying

(hours) Temp. (°C) %MC Temp. (°C) %MC Temp. (°C) %MC
0 37.4 16.93 37.0 17.55 40.5 19.58
1 40.8 14.0 37.3 17.39 42.3 18.17
2 41.9 13.0 39.8 17.14 435 16.76
3 40.5 11.9 40.4 15.78 44.3 14.76
a4 41.2 11.5 40.1 14.42 42.1 12.45
5 40.7 10.9 39.9 13.90 40.8 10.91
6 41.6 10.5 40.0 13.37
7 40.1 12.69
8 39.8 12.02
9 39.9 11.49
10 39.6 10.96

WBR; ANLWIYLanuglurazanmuTuliiu 2.5 .
953 lvaveeIMAN LRI BIRULUUULANLS aUUsTIN 1,800 aUL/A3M %58 0.5 aud./Aui
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