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Development of Khao-Tan Cabinet Dryer Using Heat Pump Dehumidifier
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Abstract

This paper presents the result to design, testing, performance and economics evaluation of small-scale
heat pump dehumidifier dryer in the Agricultural Industry. The dryer capacity is 50 kg of wet khao-tan per batch
with khao-tan initial and final moisture content are 81% and 13% (db.) respectively. The heat pump modified from
a window type air conditioning package with a capacity of 9,000 BTU/h with R-22 as a working fluid. In the
experimental, khoa-tan was dried in closed loop system under fixed conditions of bypass air ratio (BPA) at 4 levels
of 0, 25, 50 and 75%. It was found that a parameters affecting performance of heat pump dehumidifier dryer were
temperature and relative humidity of hot air into drying room, temperature and relative humidity of air into and out
of heat pump dehumidifier, the air mass flow rate appropriate of heat pump dehumidifier dryer is 75% (BPA).
Key words: Heat pump, Dehumidifier, Dryer, Khao-tan

UNAnga

LNATNTIALBHANNSEBNULL €310 NARBLANIIOUE LmvmvmummmemzﬁmmmmmmuLm\wvuu
dupanudeudwinti U dfunguinemsns mefa‘uLmqummmmm’lumi'aumLLmuLﬂﬂﬂmmw 50 Alanu auau
mzmmmmuzgww”l,mﬂu 13-17% (db.) sruuilupufenildfnulamnainesetiuennAuuLutiansiiinse
s 9,000 Btuh msmasesiinisUiuAeudndauenanidimarnuduadiesnes 4 sziuie 0 25 50
uaz 75% wudﬁﬁmﬂiﬁﬁm[ﬁi@@mimummLm'?'@\ifﬂuLLﬁaizuuﬁumm%‘@uﬁ@fqmmﬁmeqm%uﬁmﬁm"ummmﬁ
ALK @mmﬁLLa:mm%uﬁuﬁwﬁ’mmmmﬂﬂ'@uﬁ’]meﬁmﬂﬂmn%umm%@u Tnefiannsimunzasluriesey
whiRednmdauennailiivasiuguauesnes 75%
FndnAny: Tumuden NNIAAANNTY LeaeULe dnounn

AN

%’wﬂuﬂmLﬂiwﬂﬁ@ﬁﬁﬁmmmﬁfymnﬁzgmmﬂmwmimﬁ fesnndrafluameudniszdnfureslssmm
Inedadszng wandlududreenihoglfdndszmadususunieluussaauideeenumsinensressana
jaovae  wenannsidasnETnaduewnadndimlssanuuda ﬂuVLV]EJET\‘}ﬁEJNLLﬂ?gﬂ%WQLﬂWMM’WT%\mWLLCZ\]$
vienstslnauaznss i enanEnedy d1aunu ﬁﬂ?uwmmmﬁmdqﬂwm%mLLﬂuﬂu‘%uﬁummmﬁm?{u

wsigjaA N n@s luusazl Useanns 72,000-120,000 U mseaAsaLAs (http://www.nstda.or.th/rural)

Frqumss a8 dnusiu Ve S Aeewnsdnaisinaindiamieadudaslsznaumdn Taeiindnamilanuni
mﬂmnmuﬁumuﬂim@uﬁlmm 5?LLMQIMM§@5WN@1£§I% A0 tndas 91 ned ukain sy M""S‘mﬂl,muﬁ'u A
Lmqimmﬁm@ummmmma VAN UMAINAILAL Nen e ﬂa‘mmmmmmﬂmmq G mm@uvwm
Aen uwmmmwamm ﬂmmwanu’LumiN@mwﬂumﬁmmm\a mm@vmmﬂmuﬂuqchuLL@vqwmq \aaann
mﬂmu@uﬂ?mmuﬁmmmwmﬂummmgqLL@:LL@Nmeu”l,mwmwa A ldinsanuiednuauladanunsannle
aeiadiud s 1l un Tddueunsanu LAAANNIRENEA NI (Fadel @aneidne ,2547)

fupanuFan (Heat pump) Lﬂuqﬂﬂitﬁﬁ'mmmiﬁmm?@um:?“urﬁmu?@umﬁ’lum?'mLﬁmﬁuvl,cfw’ ilerinan

ATINIAAFINNATTNAAINITUINSRT AEAAINTINANERT NsanendenTeslual 50200
1Agricu\tural Engineering Department, Faculty of Engineering, Chiang Mai University, Chiang Mai 50200



dsegndldiunisauuis avnfeufiszunaeanainasuauges (Condenser) @110t I TuUIAINATI AN
¥ Y o 4 = '3 = =2 o ¥ o ¥
Fauliriueanimeuusie austdeisimes (Evaporator) HAYMNAINNINIUNNIANNANIUAINTRUNALNN TugUANFaY

v X d v d o s ay X4 Lo s & yo % ¥ o
welaneniafeuTuneanannise v lilinananaelatinindusia Fawginiseuuisineduainuieudn
fnLﬂumﬂTuT@ﬂiumwuﬂi”@wﬁnﬂwr}ﬁﬂ‘ﬁwmmu%@m\mummmm (BrodOW|cz et al, 1993 and Soponronnarlt et al,
1997 ) muumm%ummﬂﬂi“mﬂLW@@@ﬂLmuLm‘m@uLmefJLLmuImmﬁmmmau ienilasufifluasianisan
pnandaue uardssifiupuiulfifiGamsegaansaeanseuuialivanzaniunguinemsns

atnsaluazisnig
mMsaanuULIFiasaLIAas A AR un ARt auuTssnEmInsiznn. 50 Alanfusiatu an
AsiuLlszanns 81% (db) wideliin 17% (db) n1AUssatauAuTaWIA 1.05X0.64 m* 41U 12 DA A
BUWA 8 m® doutieauuialiaunn 1.22x1.22x1.22 m NIRNAUIUMWIALAL 3 cm dauesszuLrinANFoul
a3t lszneLTaaLAsa e NALLILMENNS (Window type air conditioning package) IW1AN1INIANNIER 9,000
Btuh SimansyuidauenniauuLlualfewih (Forward curved blade centrifugal fan) fudaeuewmesaunm 0.5 HP i
AANNLTITEL 1430 rpm HFNnIANTEUREULTENNL 0.512 kg/s Aauanslugt

Air Damper —>

By Pass Air
9 Cabinet Dryer

¥

S

Expansion Valve ~Condenser

Ev: aporamr

Main Blower

=N

w
j il

Compressor

]

e R L L L L bl EE ettt e

]
]
—
r

Tray

;
; = L
A

‘Water Condensed

, —

=
Figure 1 Measurement positions in heat pump Figure 2 Air cycle measurement positions in heat

dehumidifier dryer. pump dehumidifier dryer.
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Table1 Effects of khao-tan drying in the heat pump dehumidifier dryer
Evaporator bypass air ratio (BPA)

Description 0% 25% 50% 75%
Drying condition :
Inlet air temperature (°C) (Inlet relative humidity (%)) 59.3) 27.5( 59.3) 30.6( 59.6) 29.7) 57.7(33.6)
Outlet air temperature (°C) (Outlet relative humidity (%)) 53.2(39.9) 53.6 (42.8) 54.3(40.2) 53.7(42.3)
Khao tan condition:
Initial weight (kg) (Final weight (kg)) 49.4(31.9) 49.8 (30.7) 49.5(31.2) 50.0(31.6)
Initial moisture content (%db.) (Final content (%db.)) 80.7 (17.4) 80.7 (12.1) 80.7(14.6) 80.7 (14.9)
Air mass flow rate (kg/s) 0.512 0.384 0.256 0.128
Energy consumption (kWh) 14.5 14.0 13.0 13.0
Moisture extraction rate (kg water cond/h) 1.59 1.59 1.52 1.26
Specific moisture extraction rate (kg water evap/kWh) 1.21 1.36 1.41 1.42
Specific energy consumption (MJ/kg water evap) 2.98 2.64 2.55 2.53
Heat pump condition :
Evaporator
Inlet air temperature (°C) (Inlet relative humidity (%)) 53.2(39.9) 53.6 (42.8) 54.3(40.2) 53.7(42.3)
Outlet air temperature (°C) (Outlet relative humidity (%)) 44.4 (59.5) 44.0 (67.6) 44.7 (63.4) 441 (65.0)
Condenser
Inlet air temperature (°C) (Inlet relative humidity (%)) 51.8(41.1) 52.9(44.0) 53.7 (40.8) 53.2(43.0)
Outlet air temperature (°C) (Outlet relative humidity (%)) 59.9(28.3) 59.6 (33.0) 60.5(29.2) 59.4 (32.1)
Q, o mverage KW ( Qo erage (KW) 5.01(4.21) 4.21(3.56) 2.95(3.52) 1.66 (3.19)
P oompaerage (KW) (P e (KW)) 0.94 (0.54) 0.78 (0.55) 0.79(0.56) 0.87 (0.54)
COP a0 (COP o) 5.30 (4.43) 5.38 (4.44) 3.76 (4.43) 1.91(3.66)

a9l

anuan1anaaesast isdniseuuisiag ldsruuifuansieuanaaulussuntla aridesnaniseuuialy
uegiiuaninzainIAwIAReNNEuen N1sauuiiigun) R ligainliduesnandusiienain  nsauuiengamnin

Tdgeaziinasaniudunldasnasnusn wasinliuandusinldianuazetn aununzduiunisauudiedan ludaeni
PNTUANTINS TWBINAZ

he

ANRUAT
10981AN FINUTMWIINEIAaRTuasmATUTAT TR (A9nT) LATRTNENIAMLE NITNTWINLANART
wazwalulatl nguinemsnsusitinusiumile 81nailes a1 uay AnzdAnIsiAIans Nundnendendealu

2 a
LANA1T219RY
Aade anedne 2547, navauwngauuisdinousulagldtiuaoinieu Inaniinusionssnaansuningn snanendededuad 152980

Arinaimunangnmaniuazimalulaguieef 2548 iAswgia 419 .unasfing http:/www.nstda.or.th/rural

Brodowicz, K. and Dyakowski, T. 1993. Heat Pumps. Butterworth-Heinemann Ltd : Oxford. 210 Pages.
Soponronnarit, S., Kanphukdee, T. and Wetchacama, S., 1997. Seed Drying Using a Heat Pump. RERIC International Energy Journal,
Vol.20 (1), pp. 15-28.



