sHalnsams SUT7-703-53-12-05

£ 3
g

damnafuta®

S1UNUMTIVY

% E4 d! o &
ﬂﬁﬂ&ﬂﬂ!ﬂﬁ’mﬂi’)‘U!!‘Vix‘iﬂQﬁﬁ!‘i‘i}gﬂ
Y a 4 o Y
aiematamseuuRauUunNSou
(Maintaining Quality of Instant Dried Vegetable

by Heat Pump Drying Technique)

TasunuganyumsiIdeain

unInenaanalulaggsua

AV & v A 0% Y av ' A Y A
waa1mimuJumm‘mwmeummmﬁuﬂmamsnmmmmgmm



e IATINs SUT7-703-53-12-05

lmm»‘*'-’

'raumnl'ufﬂ"

18U IVY

MIAINUMNWANDUNTINITUS31)
+'% a 4 o Y
ﬂ'Jﬂﬁlﬂuﬂﬂ]i@ﬂ!!ﬁﬁ!!ﬂﬂﬂﬂﬂ?“lﬂi@ﬂ
(Maintaining Quality of Instant Dried Vegetable
by Heat Pump Drying Technique)

Va v

AUTHIVE

U Y
A3 Ins
v d a a
A3, MISAT Awedua
VB IAINTTUAYAT
o v Aa a I'4
AMNIIAINTTUAENS

unInedema lulaggiuia

nlSnmn

HELA3.ITHY 919U DY

Yo Ay a % =) A A
1asunuganyumsIdeninumInenaanalulaggsuis Yevilszanas w.a. 2553

wanIdilunnasuAare Ve IHINTNIATIMSITBUANIIAL)

NOHNIAY 2555



faanssuisemea

=)

13 Favalszunm 2553

q

Y
udteil lasunuganyumsIteanuIImeaoma luladgsu

YA o Y 4 a o o 9 4 3 a 9 =\ ~
NI UDUDURWU A 38ﬁ1ﬁﬁ3ﬁﬂﬁﬂﬂﬁﬂﬁ%ﬂ@1%ﬁ1m‘H?WHWﬁuﬂﬂ31NﬂhﬂaﬁﬂWu%ﬂMﬂaW
o 4 { o Aw o £ Jd a

@1u3&ﬂ31uﬁ3ﬂ3ﬂﬁﬂﬂﬂ15i%ﬁﬂWHﬁiuﬂ?ﬁﬂW?ﬂﬂuagﬁﬂmﬂﬂﬂﬂﬁﬁuﬂgmﬁﬂ§lﬁﬂWQﬁ?ﬁ?ﬂﬁ

o 4 4 Aa P4 H f ° ' o
Usziquaasesiioinemaasuazing Tuladn ldsiesiuisnnuazainluizoanisian

A A o
INIDIUDIA



UNARED

Y
2 (3 o X (3

aw & ~ s A o P A v
JTUIYU ﬂT]"I"’IJlJIﬂEJﬂJ’N]QTJﬁ%ﬁ'ﬂﬂl‘W@‘Vﬂﬂ"li@@ﬂlﬂJ‘]J AINULASNATOULATDIDULLYIN
v

o

& o o X o 4 { 3
szuuduanufeudmsuldlunseuuwiednnednsagl ineseuuianad niulsznoudie
¥ v E- ) g YNy a
#osoundaualsuainelu 70 x 70 x 85 cm’  FumAUsIIIATIIINMANNAY 1 aiiy
1123UUIA 50 X 60 cm” $1WIU 10 019 szUUTUAMLTeUDUDA TeVUIA 13900 BTUM 6a31

A A o ' 4 ° s & o
ma"lwmmﬂammmmmmﬁ 0.51 m3/s amm’mmmﬁ%’mm%amizmfJ 80 Lﬂﬁ]‘jlcﬁu@ nm

mMInadeUeLLIATON HeNdU tazd1 InanNUNgUUYNOULNA 45 50 1182 55 °C WU

U

[ 1

aganriianuiioasimseuuieiuanaenu laguaseniionsinmseunianganvenduuag

) A Y A 2 o A A Y] A o ANY o
EU']'JIWQTT'J'IHLN@VI']W]?@‘ULLTTQVIﬁﬂ']'ngﬂfJ'Jﬂu LN@W%T?mWﬂTuﬂﬂ!ﬂWWﬂl@ﬂWaﬂﬂﬂl“ﬂﬂ‘lﬂﬁaﬁ

Y Y 1 a o o Y Ay ya a A ' =
miﬂmmqmuﬁWUﬂwaﬁﬂm“mmi@‘vmmmqw"lmmﬁlﬂaEJ‘L!LHJNGU’e)ﬁﬁ“l/lll,ﬁﬂmﬁmﬂﬁﬂlmuﬂ

sondaa (AE) oglusa9 12.08-12.38 nazguugin ¥ lunmseuus lune ldinamsasunilas

o A = S A4 4 73 & a o JANY o Y A o A
VDITNHANANWNNUNTEAUANUIBONU 95 lﬂﬁ]ilcﬁuﬁ Waﬁﬂmcﬂ1/]]1@Wa\iﬂ’]iﬂﬂllﬂ\uuﬂﬂ’]ﬂ'ﬁﬂu
@ H 9 a ' A v ' A (J S 1 2 A [
Gl')iuu’]ﬁ@uqmﬂﬂuﬂ 90 °C WUNNDAIITIUNITAUND 4.14-4.61 gaziaanuaui/asanasau

o ° { a 9 ) o Y @ '
iﬂLW'lgﬁ'l’Q'ﬂ 3.37 MJ/kg ﬁamwgumiammq 50 °C ﬁ'l’l’fﬁﬂﬂ'lﬁﬂll!,lfﬁQW@SJETU‘WU’)'I?JQ!I]W

'water Q

Y = v A =~ = v o 1 1 adq Y
@ﬂu’ﬁﬂ]@ﬁ'ﬂ@uﬁﬂhﬂ’lﬂﬂﬁﬂul!ﬂﬁﬁﬁlmﬂ@l'l\ﬁ]']ﬂ’ﬂ't’)llﬁﬂﬁﬂ@gcluﬂfﬂﬁ 5.58-7.34 Iﬂﬂqmﬂﬂm%i‘]ﬂ

U

Y [ Y a { { 1 o { o 4 @ L 4
Tumsouure hine ldnanslasuulasvesdnuana et unszaunNnudoiu 95 tlosidua
a [ I Y o ¥y A o A v Y F 9 a 1A v ' A
panduan ldnasmseuutuilonmanuaidrethdougaungil 9o °C wunlidasidiumsau

@1 5.04-5.13 Tasgaugiivoamsouuis lidawanodasidiumsaudivesrendunszaun

4 o J 3 J 2 [ o ° ~ a
L%@lﬂﬂl 95 L’]J@‘ELG]SL!GI ?ﬂﬂ’J'lm’fUL“]Ja’ENWﬁQQWU%WLWW$@1@@§@ 7.26 Ml/kg NYUNHUNII

water

v & Y ¥ o v A ¥ & Yy A
DU 50 °C G]f\‘]ﬁ?ﬂhlﬂj'lﬂ'liﬁﬂllwxulﬂiﬂﬂLla$°Vi'ﬂilﬁl|ﬂjﬂlﬂiﬂﬁﬂﬂllﬁﬂigﬂﬂﬁﬂﬂ'ﬂﬂ5@1!1/]

Yy v
Yy K A

afrvuiidrsguugiandonlumseunda so°c  anummzauiigaiiowingunnues

q QU

a [ s Y o Y 1 o Aa 1 1 Yy 9 ad o
wammmw”lwaQmia‘uLmaagiusmmmmwmﬂmmﬂ@mmﬂmsammamaqmﬁﬂuﬂm

QU

1 1 9 9 d’ gJ/ 1 9 g’/ Y [} 1T A 9 1 9
e 151 TuM s e UUHINdUN INTou NI TEHIANINULINAIIBNAIY TIUNITOULHI

a

o o { o T o ' I
GISJ}TJT‘WﬂW’JTL!‘Llu"lﬁ}ﬂTﬂTiﬂULLﬁ!QLﬂWT%ﬁ@mﬁﬂN 50 °C Tﬂﬂ‘lmﬂ']i!,tﬂ\m’J?JEJN?JE’JﬂLﬂMﬁ?NLLU‘U

Ay A Y} A & = ) & A o
ﬂ@GUTJT‘Wﬂﬂ‘U Llagaln'JTWﬂ‘V]W']uﬂ']ﬁu\TQﬂ GINWﬁﬂ’]ﬂﬂ’]j1/]ﬂﬁf’JUWU’Nq}TJIWﬂqu’ﬂN@ﬁiqﬂTﬁ
= 3 A

pUURINGINIT N TNAAY ualanyuZYoUNAANHAAININNI THAAY FIURUNINATUT

[

a @ d Y & A o = A ~ 9 dy =S 9 A Aa =
mmwammmmniwwmqﬂﬂzuaﬂymzﬁmammﬂmmummmmmﬂwmum AHEVDITV

HIa



Abstract

The objective of this research was to design, development, and evaluate performance of a
heat pump dryer for instant dried vegetable. The dryer consist of a drying chamber of 70 x 70 x 85
cm’ which containing of 10 stainless steel trays, each area of 50 x 60 em’ and a compression heat
pump system of 13900 BTU/h. The volume flow of drying air of 0.51 m’/s with bypassing air of 80
percent. Carrot, spring onion, and sweet corn were used to drying materials at drying air
temperature of 45, 50, and 55 °C. It was found that carrot has highest drying rate and sweet corn
has the lowest. The color differences of dried carrot from fresh were 12.08-12.38 and at the
confidential level of 95 percent there were not differences in the total color difference between all
drying air temperatures. The rehydration ratios of dried carrot in hot water, temperature of 90 °C,
were 4.14-4.61. The lowest of specific energy consumption was 3.37 MJ/kg . at drying
temperature of 50 °C. For drying spring onion, it was found that the color differences of dried
spring onion from fresh were 5.58-7.34 and at the confidential level of 95 percent there were not
differences in the total color difference between all drying air temperatures. The rehydration ratios
of dried spring onion in hot water, temperature of 90 °C, were 5.04-5.13 and all drying air
temperature, there are not difference in rehydration ratio at the confidential level of 95 percent. The

lowest of specific energy consumption was 7.26 MJ/kg _  at drying temperature of 50 °C. The

water
optimum drying condition of the dryer were drying air temperature of 50 °C, air flow rate 0.51
mS//s, and bypass air 80 percent because the products has quality like drying by lower temperature
but it lower consume time and energy. For drying two group of sweet corn, fresh kernel and boiled
kernel, at drying air temperature of 50 °C. It was found that boiled kernel has higher drying rate

than fresh kernel but it more shrink kernel. The colors of boiled kernel product have more

yellowness than fresh kernel product.
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Ex. cooling

C = condenser, D = dryer, E =e vaporator, Ex.C = external condenser,

Ex. Cooling = extenal cooling

a s A v & v
NMNN 2.4 ’E]\iﬂﬂi%ﬂ@llﬂl@\?Lﬂi@\i@ﬂllﬂ\ﬁ$ﬂﬂﬂﬂﬂ31ﬂiﬁ]u
3 Saensabi and Prasertsan, 2003
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2 A <3 % { 1 1 [ 1 [
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M0 4.1 wamiauuﬁ’mmw

QuUUNNOULNY
5193

45 °C 50 °C 55°C
vhunifnded (kg) 10 10 10
AMFUB R (Y%owb) 88.70 89.10 89.00
ALFUgATIE (%wb) 9.52 8.16 7.81
nanlumseuite (h) 8 6 5
mnanhszmonnag (ke) 8.75 8.86 8.81
e TWihi T anua (cowh) 9.39 8.30 8.4
Winathmumiufimsesiszme (ke) 6.10 4.03 442
89515 11Hae 18 (m’/s) 0.51 0.51 0.51
8951013 11180118 bypass (m’/s) 0.408 0.408 0.408
9AT1TIUDINA bypass (%) 80 80 80
8A5IMIOUURI (kg /h) 1.09 1.48 1.76
MER (kg _/h) 0.76 0.67 0.88
SMER (kg /kWh) 0.93 1.07 1.05
SEC (MJ/kg, ., 3.86 3.37 3.43
cop 3.12 3.04 2.64
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13191 4.2 MINTITN03 FUDILATON

Parameter
Methods
L* a* b* AE
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A1519% 4.3 Namiauuﬁ’wauﬁu

guUHYNOULNI
5193

45 °C 50 °C 55°C
vhunifnded (kg) 5 5 5
AMIAUB T (Ywb) 89.50 96.20 95.70
ALFUFATHE (Y%wb) 10.50 11.50 9.27
nanlumsevuie (h) 13 10 8
mnanhszmonnag (ke) 4.41 4.79 4.76
e TWihi Tl anua (owh) 12.74 12.16 12.38
Winathmumiufimsesiszme (ke) 3.41 3.38 442
89515 11Hae 18 (m’/s) 0.51 0.51 0.51
8951013 11180118 bypass (m’/s) 0.408 0.408 0.408
9AT1TIUDINA bypass (%) 80 80 80
8A5IMIOUURI (kg /h) 0.34 0.48 0.60
MER (kg _/h) 0.26 0.34 0.55
SMER (kg, . /kWh) 0.35 0.39 0.38
SEC (MI/kg, ., 10.40 9.14 9.36
cop 3.32 3.08 2.83

hp(used)
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a Y 9
MIINNN 4.5 NANTDULIIT INAK Y

FUARIDE1
T Finaiagn i1 Tnady

Yhnindeds (kg) 10 10

AMFUB R (Y%owb) 78.90 77.70
AMAUFATIY (%wb) 8.45 9.81
nanlumseuite (h) 9 13

mnanhszmonnag (ke) 7.70 7.53
e TWihildanua (owh) 11.98 16.10
Winathmumiufimsesiszme (ke) 7.30 6.67
89515 11Hae 18 (m’/s) 0.51 0.51
8951013 11180118 bypass (m’/s) 0.408 0.408
9AT1TIUDINA bypass (%) 80 80

8R5IMIOUURI (kg /h) 0.86 0.58
MER (kg _/h) 0.81 0.51
SMER (kg /kWh) 0.64 0.47
SEC (MJ/kg, ., 5.60 7.70
COP 3.12 3.07

hp(used)
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Muuen anyuzreIv InandimsouuialanvusaauandlunInm 4.17  FIanyaLU09
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9 & v Y a a b b
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) QY ) A ] & ¥y A A
nndayanldniglunisasmuaiiunsotevuraszvuuanuieunuaailuaisian
a g 9 a 14 ~ =) A
47 munsoansigva lgouazraneuunulusussygaas InolistvazdoanazSou v
Y
A199 VOINITAIUIUALI
Y 9 A 9
- AUNUMIATNIATOWUUNITIN 70,544 VN
9 9 g’; a Iy
- mansauiauasenldasiaz 10 nlansu
a ] Y] 2 A @ a éj A g A
- waauATeNUM 1dnSIaz 1.11 N 1ansu (AAANUFUETUAU 90%wb aaINaD 10% wb)
- INUATONAARDY 45 VINADN lan3y
Y 1 Aa 1Y) Y a o J 2 4
- FINMATBNOVLTA 500 VING0D lansuusa (Aadlu 50 e isuaveasiaivielu
9
71099219)
) vy ¥ <
-lananlumseuurianseay 8 ¥ lug
o Y o J [ [ g’/ o =4 [
- MMmseuuadlaivay 6 7 asiuranvilaz 312 u
ag YA Y a A 9 A A A o =S [
- anudldimMIeuuTINaNandUTINAERaall NP U luMTTNu@eInY
- 9a51m 3 1F A asaos Tuamnu 1.70 kWh
Y
- onsneniboRug 7.75%
- @uATealiongms 19 103
1 a I Y
- yamesnAalu 10% voIduny
1" o [ aa I~ Y
- A gasneeaalu 5% vosdunu
- s 2.5 1kWh

- ﬂ'ﬁﬁ]}NL!‘iQ\ﬂu 1 AU 5171 300 VIN/Y

mldnenSeuieuseiluesdunuadunio
= 70,544(A/ P}7.75%10)—70,544(0.1 A / F,7.75%,10)

10
0.0775(0.0775+1) 0.0775
= 70,544 o —70,544(0.1) 10
(0.0775+1)  —1 (0.0775+1)  —1
= 9,902.12 UM

alFnemundanu Inihsedl
= 2 TeaMINIUI1 X 051314 1lih X 5101 IWheenuae

=312 X8 X 1.70 X 2.5
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= 10,608 YN

1 9 ) (% =)
A lg1811395 13101
= 70,554 X0.05
=3,527.20 UM
"9 =t
AT I UT 8T
=300 X312
=93,600 VN
al¥e3 5167
=9,902.12 + 10,608 + 3527.20+93,600

=117,637.32 UM

aldaeaodSuunanaanauenlszinnauaunu
FunuAnATes —9,902.12/312X1.11)

— 28.59 UNABN lanNTUHANAALTTS
a1l =10,608 /(312X1.11)

= 30.63 UINABN laNTUHANAALTTS
1179511 =3527.20/(312X1.11)

~10.18 MDD lansuNARAALTA
ATINY = 93,600/(312X1.11)

= 270.27 VNABN lanSuNananii g
MlFesm  =117,637.32/(312X1.11)

~ 339.68 UINABN lanFUHANAALTS

=
NARBLUNUIIET)

= JSunudag X s1mne

= 346.32 X500
=173,160 1MW
mlsgnssed)

= HAADULNY - AUNUNITHAR
= 173,160 — 117,637.32

=155,522.68 U



53821781AUNU (Payback period)

Y Y

A ° A =
= aunuadrunsovm lsgansaell
= 70,544/55,522.68
=1.279

a 1 q o v A v & ¥
MIINN 4.7 algnelumsasianssseuuiaszuuuanuiou
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e UM 1Y FIMAOHUIY  DIUIUIY (LN)
1 manuiundondinzdives 28 vuim 1.2X2.4m° 12 uAY 390 4630
2 mdnndesiinnin 2 mm 10 1&u 285 2850
3 auu 41 320 1280
4 garinauvanIazuoIADT 1 %@ 4050 4050
5 yarnaAT oAU TIUENUAZ HOIADS 1 99 1300 1300
6 To@ussanad 2 %A 1250 2500
7 NaNUNEL 2 9@ 550 1100
8 RRLLITATIY 10 DN 780 7800
9 insessalounugnguIa 1Y% hp 1 49 4250 4250
10  Capacitor start 16 756 756
11 yaupnessdunazsou 1 99 6000 6000
12 ganaeulszquuuleduniouniuiu 1 %@ 310 310
13 Tasonsuma |Gy 1600 1600
14 YAAUANQUUYNIUVATAOA 167 3500 3500
15 yagUnsaigaiuny 1 %0 4210 4210
16 aoonlng 430 175 700
17 o3 uazenelvivan 1 % 658 658
18 Sandunldes (mnde) 5000
19 mialsznounies 15,000
20 mdnAadszuuiuauden 3,000

s3mmlvae 70,544
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91nM3 IaveseimaluszuumIuneal (ASHRAE, 1992) #492#191321910NWALINT 1
G4 v Y Y R A =
MUK Va9 UNIalNaT AIUVINBIDUURITINI1azIDInaN1IZV0I1IMATUNIS
Y o g

DULHIAIY

- oMo HIgUNgN 50 °C TMAWHUWIY 1.0915 kg/m’

- 993173 1MABIMATIN 0.51 m'/s

- 831115 1118017 bypass 0.408 m’/s

- 90513 1HaoIMARIUATDIVITEINY 0.102 m'/s
g
— )
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\f,\
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////—Gm
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MNHUINN N1 aasduriianeay ludumianiuAanNuALan




1. N0 UNENDWAANG HiD DU

A, =nuinihdamadn =0.204 m x 0.100 m =0.0204 m’
A,  =wnuhnihdanisesn =0.250mx 0.750 m =0.1875 m’
V, = anui3ivesemaviesn = (0.51 m’s)/(0.1875m) =2.72 m/s
0 = YUIDBIVBINDUYY =117.66 °
AJA, =9.19 A91U C, = 81.93

v, 272’
Ap=c | — |=81.94] —— |=469.94 Pa

1.29 1.29

v v
2. meluvio 9o U9
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' 9
ﬂﬁﬁmammmmmmammmmﬁﬁ”lﬁamuwmﬂmﬂﬂluﬁ’mamﬁ'a ‘Vi"lul@ﬁﬂﬂ

9
ﬂ']3ﬂ'ilMﬁﬂlﬁ!ﬂﬁulﬁaﬂlﬂ\‘]ﬂ']ﬂTﬁNTHGBuﬂ']ﬂ@ﬂllﬁ)QﬁWi]&5]ﬂiillmﬁ@uﬂﬂﬂﬁulﬁa‘ll’ENﬂTﬂ']ﬁWTH

[ v Y
ludSuauunuvuu (parallel  damper) iy 90 ° wioilagadsansodiuinlaail

(Honeywell, 1998)

2
5 0.1007 658.75 in
- Free area ratio = (0.00005149X658.75in" ) X
922.251in
—4.274 )
- Pressure drop at 1000 fpm =—0.01254X(1—0.508 )=0.214 in.wc
- Approach velocity =179.13 fpm
6
10
- Correction factor = =31.16
179.13
0.214 in.wc
- Pressure drop across damper = —— =0.0069 in.wc = 67.69 Pa
31.16

3. ¥9302101U118 Bypass

H = 0.750 m
A\ = 0.242 m
H/W = 3.1

C = 0.974

=0.508
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0.408 m3 /s
v, = —————=225m/s
0.1815m
2
2.25
AP = 0.974| —— |=3.82 Pa
1.29
Y Y 1 d'i °
4. Y9392 INIVINVAITDINITSLTiY
H = 0.750 m
W = 0.125m
H/W = 6
C, = 0.85
3
0.102m /s
\Y% = =1.09m/s

(0.75X0.125) m

1.09°

0.85) —— |=0.78 Pa
1.29

Ap

[y v d 4' Y
5. mmﬂuaﬂwmqﬂnﬁmuamﬂaﬂummsau

o ~ ] o A 9 = &
M3MIAINAUAAUI1N1AN lnaruglnsaiuandsunnudouaeluszuuily
9 I ~ ' ’ 9 v o ' <
ANudeuiluuyuATULALNe (Fin and tube) 92 1905 1MANUFUNUTTEHINNANVSIAVLAY
ANUAUAAADINIVDY Stoecker and Jones (1982) AduaadlumMwHUIND 2 F39z laainnu

[ A d v dy
Auaanginsaiagil
d‘ o
130932
. o 5 < ' A o = a '
1A399132MelANUITIV090 1A IHaIUAD 1.09 m/s  NTIWIUATD 551 ATUAD

Y [ 2 A o Aq ¥ o &
Lll@ii]%Ulﬂﬂ’)'liJﬂu’qt‘gLﬁﬂﬂi%iﬂm 15 Pa/tl9n Lﬂiﬂﬂﬂ1§$&1’iﬂﬂ1%£ﬂullﬂﬂ 3 UDIPNUY

AP = 15X 3=45Pa
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Air-pressure drop, Pa per tube row

20

10

-

2 3 4

Face velocity, m/s

=

MNRUINA N2 NTANUAUTTIVDID 1N

U g

31 Stoecker and Jones (1982)

A v
AIDIAIVUUU

4 (= < '
Lﬂ%ﬂ\i‘ﬂjﬂlluun‘ﬂj']lllijell@\ia’]ﬂ’]ﬁhlwaW']Uﬁ@ 2.25 m/s

Y [ 2 A o Aq ¥ o &
Lll@ii]%Ulﬂﬂ’)'liJﬂu’qt‘gLﬁﬂﬂi%iﬂm 38 Pa/tinn Lﬂiflﬂﬂ?im’ﬁﬂﬂi"}ﬂﬂullﬂﬂ 2 UDIANUU

AP = 38 X2= 76 Pa

w

v ~ v
6. NOAANMIUVINAAN

X A Y o 9
NWUNHUIAAN LU

& v

A, NUNNIAAN1900N

A

1

=0.750 mx 0.575 m

=0.250mx 0.450 m

[« ) o

Tviar 1 fin-coil

=04313m’

=0.1125m’
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V, = anwuidiveseimeuiesn = (0.51 m’s)/(0.1125 m)
0 = YUIDBIVDINDUYY =76.48 °
9
AJA, =2.06 491U C,=0.14
2 2
\A 4.53
Ap=c,| — |[=o0.14 =223 Pa
1.29 1.29
(3 Y [ = ¥ 2 =
MMy lanNuAUgYRYTINNIAY 665.46 Pa

o Y A a o J o [
mllﬂﬁlﬂlfm’é]‘ﬂmﬂﬂﬂlumumﬁﬂiﬁmiUﬂmWﬂau
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=4.53 m/s
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MIWHUINT V1 HAMTOUNRILATONGUHYITOIMAD VLN 45 °C

MsnAandi 1 MINAaBdi 2 MSNAADIT 3

e z - N z - T o o Z -

, WM1nA0819  ANNFU WA MinAIee ANIU WA WMNnAl081e AN WAL

(@ 109)

(2) (%wb) (kWh) () (%wb) (kWh) () (%wb) (kWh)

0 245.14 89.20 - 255.20 87.60 - 242.4 89.30 -
1 173.17 84.71 1.27 206.98 84.71 1.24 169.52 84.70 1.22
2 136.57 80.61 1.13 163.24 80.61 1.20 133.10 80.51 1.31
3 81.13 67.37 1.41 96.98 67.37 1.18 75.49 66.96 1.14
4 49.90 46.95 1.12 59.65 46.95 1.21 48.50 46.52 1.12
5 36.18 26.83 1.13 43.25 26.83 1.15 35.17 26.25 1.13
6 30.96 14.69 1.12 37.01 14.49 1.12 30.21 14.14 1.15
7 30.06 11.92 1.12 35.93 11.92 1.10 29.12 10.93 1.14
8 29.46 11.13 111 35.16 10.00 1.13 28.51 9.03 1.13
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MIHUINT V2 HAMFOULHILATONGUHYITDINAD VLN 50 °C

AINAADIN 1

INAADIN 2

NINAADIN 3

'nm vhmindedha Ay WA vhimindaeen A WA vimindedh ANy WAU
(@ 109)
(2 (Y%owb) (kWh) (2) (%owb) (kWh) (2) (Y%owb) (kWh)
0 238.5 89.50 - 275.3 98.70 - 273.15 89.30 -
1 117.15 85.86 1.34 204.3 86.12 1.32 202.85 85.59 1.40
2 92.55 72.94 1.41 102.05 72.21 1.34 109.8 73.38 1.35
3 43.60 42.56 1.40 46.65 39.22 1.40 45.95 36.39 1.38
4 31.20 19.74 1.40 34.20 17.09 1.44 35.70 18.30 1.40
5 28.10 10.88 1.35 31.60 10.27 1.42 332.60 10.35 1.39
6 27.40 8.60 1.40 30.95 8.38 1.38 31.6 7.51 1.35
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MSHUINT U3 HAMTOUNHILATONGUHYITDIMAD VLN 55 °C

1381

AINAADIN 1

5NAADIN 2

NINAADIN 3

, vhmindeds T WA vhmindioee Ay wgau  thminded NEAT WA
(@ T9)
(2) (%wb) (kWh) (2) (%owb) (kWh) (2) (%wb) (kWh)

0 24225 89.25 - 212.95 88.75 - 203.85 89.12 -

1 123.50 78.91 1.68 154.30 84.47 1.69 108.00 79.46 1.69
2 60.60 57.03 1.69 94.60 74.68 1.68 56.55 60.78 1.70
3 33.55 22.38 1.70 43.05 4435 1.67 31.30 28.69 1.68
4 29.05 10.35 1.66 27.56 13.07 1.67 24.30 8.73 1.67
5 28.10 7.32 1.65 26.13 8.32 1.69 24.05 7.78 1.68
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MIHUINT ¥4 wamsouniereuFUguUgleMAeuNia 45 °C

1381

AINAADIN 1

5NAADIN 2

NINAADIN 3

, vhmindeds T WA vhmindioee Ay wgau  thminded NEAT WA
(@ T9)
(2) (%wb) (kWh) (2) (%owb) (kWh) (2) (%wb) (kWh)
0 169.05 89.41 - 154.35 89.33 - 177.35 89.75 -
1 146.15 87.76 1.01 116.80 85.86 1.00 146.55 87.60 0.98
2 114.60 84.39 0.90 90.55 81.76 0.98 117.60 84.55 0.97
3 83.05 78.45 0.98 64.45 74.37 0.99 92.90 80.44 0.98
4 62.05 71.16 0.95 46.25 64.29 1.10 67.75 73.18 1.00
5 44.55 59.83 0.97 31.20 47.07 0.96 4425 58.93 1.02
6 33.05 45.86 0.98 23.45 29.57 0.98 31.65 42.58 1.01
7 26.55 32.60 1.00 21.75 24.07 0.94 24.95 27.17 0.98
8 24.15 25.90 0.96 20.65 20.02 0.96 23.75 23.49 0.97
9 22.05 18.85 0.97 19.60 15.74 0.95 22.60 19.59 0.97
10 20.90 14.38 0.99 18.95 12.85 0.96 21.80 16.64 0.98
11 20.55 12.92 1.00 18.50 10.73 0.95 21.05 13.67 0.96
12 20.15 11.19 0.97 18.20 9.26 0.96 20.75 12.42 1.00
13 20.05 10.75 1.01 18.08 8.65 0.97 20.65 12.00 0.98

L9



MIHUINT 5 HamsouniereuFUgungle e 50 °C

AINAADIN 1

5NAADIN 2

NINAADIN 3

'nm vhmindeds T WA vhmindioee Ay wgau  thminded NEAT WA
(@ T9)
(2) (%wb) (kWh) (2) (%owb) (kWh) (2) (%wb) (kWh)
0 120.90 96.25 - 103.6 96.10 - 101.45 96.20 -
1 61.60 92.63 1.21 65.65 93.85 1.20 67.60 94.30 1.22
2 30.40 85.08 1.23 31.25 87.07 1.22 35.55 89.16 1.24
3 13.30 65.89 1.21 17.15 76.44 1.23 22.55 82.91 1.23
4 8.60 47.24 1.23 11.30 64.24 1.23 11.80 67.34 1.23
5 6.75 32.78 1.24 7.05 42.69 1.21 8.05 52.12 1.20
6 5.90 23.10 1.21 6.00 32.66 1.23 6.45 40.25 1.22
7 5.45 16.75 1.22 5.40 25.18 1.22 5.30 27.28 1.21
8 5.25 13.58 1.24 4.85 16.69 1.24 4.85 20.53 1.21
9 5.20 12.75 1.22 4.65 13.11 1.21 4.45 13.39 1.23
10 5.15 11.90 1.23 4.55 12.20 1.22 435 11.40 1.22
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MIHUINT V6 HamsouniereNFUgMUglemfeLNia 55 °C

AINAADIN 1

5NAADIN 2

NINAADIN 3

'nm vhmindedha Ay WA vhimindaeen A wsa ihmindaed T WAU
(@ 109)
(2 (Y%owb) (kWh) (2) (%owb) (kWh) (2) (Y%owb) (kWh)
0 170.90 95.64 - 153.60 95.69 - 151.45 95.80 -
1 87.90 91.93 1.57 103.55 93.61 1.58 88.45 92.81 1.60
2 48.85 84.76 1.54 50.45 86.88 1.53 43.90 85.51 1.54
3 22.00 66.16 1.53 24.50 72.98 1.54 17.70 64.06 1.57
4 13.60 45.27 1.54 13.55 51.14 1.56 12.45 48.91 1.52
5 9.65 22.86 1.54 9.80 32.44 1.55 8.60 26.04 1.53
6 8.35 10.85 1.56 7.90 16.19 1.55 7.80 18.45 1.54
7 8.15 8.66 1.57 7.40 10.53 1.56 7.20 11.65 1.55
8 8.10 8.10 1.57 7.30 9.30 1.57 7.10 10.41 1.53
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MSHUINA V7 wamsouurIT 1 InannuilgngumgieniAouLRa 50 °C

MsnAandi 1 MsNAaBdi 2 MsNAand 3

i NN ¥y - N z " NN Z -

, WM1nA20819 AMNFU WA dmdpaIed ANy WA Wminaled ANNFU WAL

(@ 109)

(2) (%wb) (kWh) () (%wb) (kWh) () (%wb) (kWh)

0 295.80 78.90 - 317.00 79.45 - 313.45 78.47 -
1 223.70 72.10 1.30 245.65 73.49 1.34 270.75 75.08 1.33
2 178.15 64.97 1.32 192.15 66.10 1.33 240.00 71.88 1.34
3 138.70 55.00 1.34 152.35 57.25 1.32 205.15 67.11 1.34
4 101.40 38.45 1.32 112.90 42.31 1.35 161.30 58.16 1.32
5 78.95 20.94 1.35 86.50 24.70 1.31 119.55 43.55 1.32
6 17.05 12.15 1.33 76.95 15.36 1.33 92.30 26.89 1.35
7 68.30 8.62 1.32 71.95 9.48 1.33 78.60 14.15 1.33
8 67.28 7.23 1.33 71.90 9.41 1.33 75.60 10.74 1.33
9 67.25 7.19 1.33 71.85 9.35 1.33 74.00 8.81 1.33

0L



MIIHUINT 8 HamsoULHIt InanNuAUgUHYTINMABULNY 50 °C

mMsnAaedd 1 MsNAaedd 2 MsNAaead 3

i 7 . z - T z - T p ”

, UMiNAI0E819 ANNFU Waw  dmidndieds Anuau WaH  UminAeE19 ANNFU WAL

(@ T9)

() (%wb) (kWh) (g) (%wb) (kWh) (g) (%wb) (kWh)

0 240.10 77.70 - 231.35 77.70 - 234.32 77.75 -
1 211.35 74.67 1.45 205.65 74.92 1.43 212.31 75.44 1.47
2 181.00 70.42 1.45 170.50 69.75 1.46 188.33 72.32 1.46
3 155.55 65.58 1.46 155.75 66.89 1.47 167.58 68.89 1.46
4 132.35 59.54 1.47 135.60 61.97 1.47 147.38 64.62 1.45
5 114.45 53.22 1.46 118.50 56.48 1.47 129.51 59.74 1.45
6 97.70 45.20 1.45 101.70 49.29 1.48 110.93 53.00 1.46
7 84.85 36.90 1.45 88.45 41.69 1.45 95.22 45.25 1.46
8 75.70 29.27 1.46 78.55 34.35 1.45 83.18 37.32 1.47
9 68.95 22.35 1.46 71.15 27.52 1.40 74.43 29.96 1.46
10 64.10 16.47 1.47 65.60 21.39 1.47 67.95 23.28 1.45
1 60.30 11.21 1.47 60.65 14.97 1.46 62.24 16.23 1.47
12 59.30 9.71 1.48 59.25 12.96 1.46 59.04 11.70 1.47
13 59.00 9.25 1.45 57.25 9.92 1.47 58.10 10.26 1.46
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MIINUINT V9 HAN1INABBINISAUAIVDILATON

- QUUYNOULN 45 °C gUNYNOULNA 50 °C QUNYNOULNA 55 °C
() hmindeda (n3u) hmindeda (n3u) hmindeda (n3u)
1 2 3 e 1 2 3 e 1 2 3 e
0 20125  2.0528  1.9787 20146 20315  1.9264 21026  2.0202  2.0179  2.0783 1.9126 2.0029
2 51499 52024 50634 51386 55614 54974 57560  5.6050 53285 5.5151 5.1543 5.3326
4 6.5659  6.6995  6.4595 65750  7.0021  6.8132  7.0813  6.9655 72318 74778 9.9145 7.2080
6 73183 7.2115 71932 7.2410  7.9535  7.8519 82313  8.0124 82824 85710  7.8546 8.2360
8 78322 7.9875 77120 7.8439  8.6114  8.4136  8.6975  8.5742 8.9075 92193 8.4278 8.8515
10 82701  8.4355 83353 83470  9.1875  9.0815 9.4681  9.2457  9.3024  9.6045  8.7921 9.2330
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MIWHINT V10 HAN1INARBINISAUAIVOIHONTL

- QUUNNOULNI 45 °C QUNYNOULNA 50 °C QUUYNOULTI 55 °C
(1) hmindeda (nsu) hmindeda (n3u) hmindedia (nfu)
1 2 3 e 1 2 3 e 1 2 3 e
0 0.9896  1.2006  0.8320 1.0074 07690 0.8102  0.7500  0.7764 0.8012 0.9803  0.7680 0.8498
2 3.5626  4.4422  2.9952 3.6667 27670 2.8762 27000 27811 2.5703 3.4703  2.8416 2.9607
4 42968  5.6638  3.5343 44983 33631 3.8254 34560  3.5482 3.1016 44419 3.6088 3.7175
6 47136 6.0037  3.8878 48683 3.6540 3.9860  3.6979  3.7793 3.5706 48195  3.8975 4.0959
8 47984 6.0757  4.1988 5.0243  3.8858 4.0578  3.8458  3.9208 3.9200 48725  3.9443 4.2456
10 48512 61310  4.2408 50743 4.0039  4.0943  3.8497  3.9826 4.0392 49164  3.9775 43110
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NMSAULAILATANAIELATAIAL LN LU NAINSAY
Carrot Drying by Heat Pump Dryer

WISAYT Anedna’ uaz Ade anaunny’
Tawarat Tipyavimolv and Weerachai Arjharn1
UNARED

muﬁﬂfﬁﬁmﬂa‘xmﬁLﬁ@ﬁfm’]smmummmLﬁqLmawﬁquﬁlmauLLﬁqsxuuﬁmmm%ﬂu‘ﬁ'ﬁwuﬁyu
anazmsauudieiilflunnmeassie HUNYNENIABLLIA 45, 50 Uay 55°C AruEaaNiadn 1.3 mis Shadau
amAdnaAteTszwe 80 wefiius LLm'ﬂmmﬁﬁiumiwmmu@uuﬁ\ﬁqﬂﬁﬁmﬂﬂﬂLﬂﬁﬂnuﬁqﬁmﬂumﬁm?{ﬂm
JUNA 1319 X8 Xy AB 1 om X 1om X 0.5 om 1Bananssaz 10 Alan3u Minnsilsziiuanssnurnnsenuii
anERTNITaLuie §RsnnrauLABInAIUs NS LAZAMNINTBILATENTAELAAINERIINITAUGAY UATNIT
WaeuasdaesusenuiiuiieutuLasengn HaaINMsNAGBINLANERIINse UL LATanlAn 1.09 1.48 uaz 1.76
ﬁimﬁm‘fﬂa“mm@%‘imLL@”mmmﬁﬂmifauLLﬁQLLm@wmnmw%”uéuﬁu 88.70 %wb adLuan 10.98 %wb Toerld
Lfmﬂumifammq 7, 5 uay 4 $alua 7 mmmummﬂ@uum 45,50 UAz 55 °C ANANS AuFuunsRuAes
wmmuwmﬁmmmu 50 °C ummwaum@mwmmumm AMFUANANLANANNAANNARA T A AR
WARSUITRlE A NNse UL seaN qmuquiuummLLmrmwnummmmmmummmeaum@mw 95 dauUsMINNIAU
sanuan il panaumnsineuilg HUNNNBINIADLIN 50 UAY 55 °C
ANENATY: LATAY, Ui, Tuansbeu

ABSTRACT

The objective of this research was to evaluate the performance of a heat pump dryer and the qualities of
dried carrot. Carrot roots were peeled and then cut to dimension width x length x thick of 1 cm x 1cm x 0.5 cm.
The 10 kilograms of carrot sample were dried in the dryer under the condition of: Drying air temperature of 45, 50
and 55 °C, drying air velocity of 1.3 m/s ‘and 80 percent of evaporation bypass air. Drying rate, specific energy
consumption (SEC), color and rehydration rate of dried carrot were evaluated. It was found that the drying rates
were 1.09, 1.48 and 1.76 kilograms of moisture evaporated per hour at drying temperature of 45, 50 and 55 °C
respectively. The carrot samples were dried from the initial moisture content of 88.70 percent wet basis to 10.98
percent wet basis within 7, 5 and 4 hours at drying temperature of 45, 50 and 55 °C respectively. The lowest
specific energy consumption was at drying air temperature of 50 °C. Color quality of dried carrot, at the
confidential level of 95 percents there were not differences in the total color difference between all drying air
temperatures and there were not differences in rehydration rate between drying air temperature of 50 and 55 °C

Keywords: Carrot, Drying, Heat pump
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