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Abstract

This research aims to analyze the energy and exergy of drying with a heat pump. A mathematical model was used for
analysis of energy and exergy. The drying media were hot air, nitrogen and carbon dioxide with the drying temperatures
of 40, 50 and 60°C. The initial moisture content of product and mass flow rate of the drying media was constant. The
results show that the exergy efficiency decreases with the increase of drying temperature while the energy utilization
and energy utilization ratio increase with the increase of drying temperature. Moreover, the different drying media
result in the different energy utilization and energy utilization ratio. The use of hot air as drying medium provides the

highest energy utilization and energy utilization ratio.
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Figure 1 heat pump dryer (1) drying chamber (2) controller (3)

blower (4) condenser (5) evaporator

2. 35ms@nm

2.1 TUAAUNIINARD

Tumnaassitldvinseuniaimued Namngd
40 50 WAz 60 avrLTALTeR laultainanslunivouus
A 6 6 &
fa e lulasianuazasvanlasanlod anuisiaw
dl v A 1 a = =3 £ a
filtlunseuunedia 0.5 wasdatufl iiudaysamngd
ﬁmoﬁw-aanﬁadauLLﬁdLLazLﬁuﬁayaﬁwwﬁﬂwﬁﬂﬁmﬁnﬂ
1 W17 AUNTENINNNT IR AR 7 1WasiTud
a3 don inmnasestn 3 a3

J Sci Technol MSU

2.2 MPATANTINU Londiraduazaumynls
lunsdmmniensindinuldngdafinilanas
llawfinansangmyauindnasiu S9nsrUIBMTaU
wAIRz R T UMTIAALLLAIR FRTUNTIATIER
iondimeiiin ariianzimungdefisemannaslulam
fas %\1LaﬂiLmaﬁﬁq%umﬁLiﬂﬂluqﬂnsﬂazmwﬁuLan
SELsnaﬁﬁaanmnqﬂnsrﬁsmﬁumsgmLﬁﬂﬁl,ﬁ@%umsfl,u
gunsal*®

ﬁ%'m%'umﬁmswzﬁwéTamuﬁmi:ﬁmﬁmﬁzﬁagj
2 & A anwasnulidszlomi (Energy Utilization : EU)

ldanaunisdalui
EU=m(h-h_) )

tﬁl = Q a 1 = A
e m ABdaIMT MaLEINIAEIN h ABLauNaD
PNIWaz h Aaaunalviaan
o
lasfidauriatl (Enthalpy : h) ldannauns

h={(C +(OC )T }+{()(2500.9+1.82T )} ~ (2)

e Cﬁa@hmm%am‘hl,wwz C, fadauTan
Fumzvadlati Tdbﬁaqm%qﬁﬂsum:uﬁmaz o fad
SATEIBANNT

ezl TAATEANT I UE A 2 2= R9TON
fdanaunasnulidszlosi (Energy Utilization Ratio
. EUR) munsadnmnildannaunmseeluil

h—h
EUR = % x 100 3)
FMSUNTIATzRANUSEENT A NLanSLna B
(Exergy Efficiency : Ex) #1lda1nauns

E
Xt x 10 @)

E =
* Exergy,

Wia Exergy falendivafivneanviasey
i

wazExergy falandirafutnviesey

lasfidnandizad (Exergy) w1 laann

Exergy = h— {(Cya+@Cp)T, Inl } 5)
T

0

e T Aoamnnlidnads : manasasilly 208 K

o



Vol 32, No 5, September-October 2013

a 6
Nam‘sﬁm:muamm‘sm
MINABBIRITILIUENN T LEWFIINURALONTLTD
FluaIurioIouuAIveIaIaIaULRILLLTNANNTE D9y
a 6 > U 6 o 1 > % 6
Jazrnasnwltlselond dansiunasnulsdsslomd
wazUseAntnwtendised laNaN1ITNARBIGILEA
dalui

0.4

& Air
¢ W Nitrogen
03
[ A Carbon dioxide
H
£ 02 L
@
. ]
0.1
.
0.0 T T T |
30 40 50 60 70
Temperature (°C)

Figure 2 The relationship between energy utilization and drying

temperature under various drying media
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Figure 3 The relationship between energy utilization ratio and

drying temperature under various drying media
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Figure 4 The relationship between energy and drying tempera-

tures under various drying media
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Table 1 The energy utilization, energy utilization ratio and exergy efficiency in the drying chamber of heat pump dryer

under various drying temperatures and drying media

Drying media Temperature (°C) EU (kW) EUR (%) Ex (%)
40 0.1326 1.38 99.94

Hot air 50 0.2141 1.75 99.84

60 0.3228 2.28 99.65

40 0.0657 0.79 99.98

Nitrogen 50 0.1441 1.15 99.92
60 0.2700 1.69 99.78

40 0.0770 0.79 99.99

Carbon dioxide 50 0.1541 1.1 99.94
60 0.3377 1.89 99.73
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