A A A A ¢ a ¢ v v A
BOAULIDIINYTIHUNUD ﬂ’lﬁjlﬂj’lgwﬁ'lli5’[,]1!3ﬂﬁgﬂ'cluﬂ’lﬁ@ﬂllﬁ\?llwaﬂjﬂkﬂiﬂq

1 )
puunailuanuiou
S 4 v W
AR Weenad vande
Syan AINTTUNAATUNT NN AAINTTUNAU)

a a a d 9 1 d S A a
mmmmﬁnynmmwuﬁ HYIYAITATI013E A5.352 ﬁuﬂma‘nmqa

UNAALD

9

Ay AA
N1HIYUY
Y

[ a

s A o '
aniszasdmeihnms AN IHANTENUVOIQUN Y HAZANNNUIAD
o = Y o v A = '
nszuIumsoDui Ina Tagihimsanyinms lswasnulumseuuiaaziton lviimingeause
Y Aq ¥ A Aa o = = ~ 9 A Y
MIDVUNIN I MHanaane  MnsanylIeumeunan1snaasn NI o0 BN
¥ v o a o 4
uanuieunuuuvaniou uaziimsimazianudunuuesmsounite lnadlenio
sundanilunnudeu lasihnmsnaaesiguugiionur 40°C 45°C uaz 50°C dadu
DIMATINATRINIZINEY 70% BA31A5 lavesome 1756 KQdry air / D 14 lwaaariuaiy
<3| 1Y o '
w1 0.25 cmuaz  0.75 cm iiludagnaass minaasseuLn Inasziimseuniiedia
[ Y J
AotilosumasnNuIUgamelsznm 10 %db. nwaninaasIny1 Inaiuaunn
4 1
0.25 cm Wisfigaunglouns 40°C  45°C  uaz 50°C  Tawssouzlumsouuialagsiu
anmanunun 0.75 cm ualwaruanuvun 075 cm Hguan Iwandimsenuds
=) g’ U A = = J ﬂ' = =
smaniniurensamenaziAMasd) AniAuKul 0.25 cm wanlseumeunaninaasd
Y v & v 2 Yy o v v A A Y A o
punIdenTosoundwuuiuanudousvuuuaniou  wunnQeu lumseuuiuderiu
Y 9 A ¥ > Yy A o Y oA
msovuisneseuurauLiuanuiouliaussaus tazguam Iwandimseunreann
Yy 9 A ¥ ]
MIDVUNIAIYIATBIO VUMV UANTOU
Y v & v > Y 1A
NNHANINATDIDUUHIABIATBIB VUMD UTNANNTOUNDINANNKUI 0.25 cm
gargiouniy 40°C Taussouzlumsouuialagiiuaniga Taefin1 SECay 1y 14.83

M\] / kgproduct SM ERa\/g L(vi’]ﬁ}l] 0.197 kg water evap. / kWh DRan L‘Vi’]ﬁjl] 0.338 kg water evap. / h

uaz COP, iy 8.49 wazdmsuiianuvun 0.75 cm guugliouuns 40°C Tinmnn



@ o { 1 < [ a g‘ %
Indifesiu Inadaunnige Tastisanuiudmaeuiny 70.46 + 1.78 fidsuianiiu

9 v A

vouszven 1annmsasavtaminy 1.4 mi/(30 Qay produey G115 USoU luiimanzanlums

a Y

a <Y s A a Y a A Jd A o
'JLﬂiT%ﬁﬂTutﬁﬁBﬂﬁTﬁ@]ﬁLW’E)Nﬁ@llWﬁ@ULLWQL“HQW"ImGHEJ A9 gUNNUOULHNY 45°C anunu

a cY]
' Y

a 4 v [ [ a
0.75 cm nnmMsaATIzEANNAUNUUBIMseuNeInadel wugedunudmiumInan

Q q q

11 366 D lanF ULt



Thesis Title Performance Analysis of Drying Process of Phlai (Zingiber

cassumunar Roxb.) Using Heat Pump Dryer
Author Mr.Adul Lakchai

Degree Master of Engineering (Energy Engineering)

Thesis Advisor Asst. Prof. Dr. Wera Phaphuangwittayakul

ABSTRACT

This research aimed to study the effects of drying air temperature and
thickness of Phlai (Zingiber cassumunar Roxb.). The energy consumption and the
optimum conditions to provide the good quality of dried product were investigated.
The experimental results of drying Phlai with heat pump dryer and hot air dryer were
compared. The last analysis was breakeven production per year of Phlai drying with
heat pump dryer. The experimental drying conditions were 40°C, 45°C and 50°C of
air temperature, 70% of the evaporator bypass air ratio and 1756 Kgary air / h of air flow
rate. The sliced Phlai thickness were 0.25 and 0.75 cm. The final moisture content of
dried product was approximately 10% (db.). The results were as the following : in the
case of 0.25 cm thickness (40°C, 45°C and 50°C), the total performance of drying was
better than that of 0.75 cm but the latter condition provided better quality of dried
product (essential oil content and yellow color). The comparison between the
experimental results of drying Phlai with heat pump dryer and hot air dryer showed
that the heat pump dryer had better performance and quality of dried product than hot
air dryer under the same drying condition.

It was found that the heat pump dryer for drying process of 0.25 cm thickness
at 40°C provided the good total performance. The average specific energy
consumption was 14.83 MJ / Kgproduct , the average specific moisture extraction rate
was 0.197 Kg water evap. / KWh , the average drying rate was 0.338 Kg water evap. / h and the
coefficient of performance of the heat pump was 8.49. The optimum conditions to
acquire good quality of color and essential oil content of dried product were 40°C and
0.75 cm thickness. The yellowness value was 70.46 = 1.78 and the essential oil
content was 1.4 ml/(30 Qdry product). The optimum conditions to analyze the economic
cost of dried product were 45°C and 0.75 cm thickness. The result of breakeven
production per year of Phlai drying in this research was 366 KQary product-



