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Abstract

This research was studied on the vacuum freeze drying -
system for lemon powder. This technique is suited for lemon

powder production in order to preserve the vitamin, food structure,
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colour, and taste. The design and testing of this system unit is
applied for 10 kgs of lemon juice, there are 10 shelts of lemon
juice with 1 cm thick were freezed under the temperature of 20°C
and reheated until the temperature of lemmon cristal icreased to
0°C under vacuum pressure of 4.58 torr . The water will be
transformed to be vapor and then reheated the product until the
temperature increased to 28°C under vacuum condition, the rest of
moisture will be evacuated by vacuum pump. The results showed
that the average temperature of frozen lemon is about -20°C and

the moisture content is about 44.3 % in primary drying process.
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MnanudaInInaguniivasiuzunitiinm 10 kg N
28°c Tidu -30°C luaa 30 wift swavesaUnsnimsvhana
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angas Q = (24 Mall0%
: RT
Wo Q = wwiagunIniinanuiiu( kw, Tons )

q = MIEMITANULEUNInNa( kw, Tons )
RT = 1 l39%1914289 Compressor 14 24 hr
(Fwualit = 24 hr)
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2DNAVDINDIUBUDY
- U3unasviad = 0.7x0.6x04 = 0.168 m°

- WNLNIIRUIN = 2(0.7x0.4) + 2(0.6x0.4) + (0.7x0.6)
+[(0.7x0.6) — (0.12x0.1)]
= 1.868 m°
- Wn.azgnizan = 0.12x0.1 = 0.012 m
polystyrene (cut cell) e k = 0.036 W/mK

glass (two plane) §ifn C = 2.61 W/m'K
- AWINAWI 50 mm, k = 0.036 3=1dd1 U = 0.556 W/m'K

MInIE q,
MIEANNTOUTINZIATIZA LA NANUFN ATV INTT2
annfenfiiinuwandaudng g vaskasranaiu o
Qt=0q1+ Q2 * Q3 * Qs
1. mszmsianuduanitn wiks twenu
q = UATD = (0.556 W/m’K)(1.868 m’ )[28-(-30)] K
=60.24 W

memahanuiuwanlzgnizan
q = CATD = (2.61W/m’K)(0.012 m”)[28-(-30)] K
=1.82 W
G995 gy = (60.24) + (1.82) = 62.06 W = 0.062 kW
2. MymsmanuduannmIutudnaan

U = (Gor+ QL+ Qsp) /IR MM TUTUD S
Temp(C)
Y
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e Time ( mm )
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37U 3 anuduiuiznisnauszgunlunsusudwtanu

I@m“?i Qg1 = MCpyy AT1
a. = m(hg)
Qs = MCyp ATZ
dla mvashazum = 10 kg
AT, =28-(-2.25)=30.25 K
AT,=-225-(-30)=27.75 K
amwnﬁmﬁaﬁ;mﬁam@wam{m:ma =225 C
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i1 cpr BBNNEWNNgUNDAWitegaLanuTs = 3.81 kJ/kgK
1 Cpo maaﬁm:m’aﬁqmmqmﬁq@Lﬁamlﬁa = 2.1kJ/kgK
@ hifmaaﬁmzmq = 293 kJ/kg

Gt ggr = (10 kg) (3.81 kJ/kgK)(30.25 K)

Ge1 = 1152.53 kJ

q.= (10 kg) (293 kJ/kg)

qL = 2930 kJ

Ge2 = (10 kg) (2.1 kJ/kgK)(27.75 K)

Geo = 582.75 kJ

A9 Qo = (1152.53 + 2930+ 582.75) kI
(30x60)s

qy = 2.59 kW

3. Marmitanaiuanmainuzwn
qs5 = mc, AT/ alumsuguds
anavhuzuwfiminraueyszanm 2 kg
masuzuaen Stainless steel 713 Cp = 0.42 kJ/kgK
FoM
(2 kg)(0.42 kJ/kgK)[28-(-30)]K
(30 x 60 s)

93 =

Qs = 0.027 kW
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(KWinoror)(Factor) (238771 15 9704)
(24 h)
valaas WA vaswaaniuma 0.25 kW (1/3hp )

Q4 =

PUNANBLADT T TBINAaN 0.1 — 0.5 kW H@N factor = 1.67

9t
(0.25 KW)(1.67)(30 min)
W= (24 x 30 min)
qs = 0.0087 KW
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q; = 0.062 +2.59+ 0.027 + 0.0087

g = 2.69 kW
wazznavasgUnIalinanubuaz Ay

(24 hr)(2.69 KW)(110%)
(24 hr)
Q =296 kW =0.84 Ton
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#3NANNLEYN R-404a 9zl maNE i
P, =2.1 bar P, = 17.5 bar
h; = 350 kJ/kg h, = 395 kJ/kg
hs = h, = 253 kJlkg

MA8ATIMNT MaTaIanT R-404a °7i Cooling load = 2.96 kW)
Qi = m (hi—hy)
m’ = (2.96 kJ/s)/(350-253) kJ/kg
m’ = 0.0305 kg/s = 1.83 kg/min
YT AT ER et ol Compressor
Wp=m’ (h,—hy)
= (0.0305 kg/s)(395-350) kJ/kg

W, = 1.37 KW = 1.84 hp
wisAusaufiszunuaanain Condenser

2Q3 = m (hz = hg)

= (0.034 kg/s)(395-253) kJ/kg

2Q3=4.82 kW = 1.37 Ton
i imazl,’é'Umjaaqﬂﬂitﬁﬁu‘%ﬁ'ﬂﬁfﬁmﬂmﬁa:ﬁmﬂ%ﬁ'w:uu
vanaududaoit

-Evaporator lianga GUEBA 31 SGL 91 Tamunsninanal
wuld 3.37 kw mminﬁﬁqmwgﬁﬁﬁa Evaporator I¢' -40°C a3u
uARzuABITzEEW9 12 mm.

-Compressor tdaniwa BITZER e 5 Y(W) Seiin1sznisvh
aNuLaW 3.42 kW ﬁﬁqmwgﬁaws R-404a 7l Condenser 35 °C uaz
gmwgﬁﬁﬁaﬁ Evaporator -40°C  wasawiaualaasnldauiden
valaas 3 e vu1a 2 hp

-Condenser (3anii#e KULTHORN i 50797 &sanansn
srnsanuSausananszuuld 1.5 Ton

-Expansion valve (§anfia SPORLAN 4 FS-1 dsldiuszuy
Afinsevnanaudu 1 Ton V‘mmﬁqmwgﬁﬁwm Evaporator
luing -20 °C 9 -40°C

-Receiver Tank LRandWa KULTHORN 3u1046-2 &ul4riu
sruufifinnssenaidu 1 Ton

Filter Drier ianf#a SPORLAN 4 CG-053 @sldiuszuuiif

MyzvinauLEs 1 Ton
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- %79 Primary dry
v oo Ao a a O ' a
thdasnmiliihuzunfidgannsdugmnnil 1°C e 30 wifl
qanw tngawniiann -30 °C 1w 0 °c 14 15 Talus
iudadfsusanaduloilaomiziia  lasddanuien
wrlalumsUAuuaanur 2950 kJkg  wazluzrafianunanniine
NOEHTNaNNTWARD 15% Q9uk NNz 10 kg i
suiiallyszanm 7.65 kg anusaundasnsltiuseiinnla
MNFAT
U
Q = mh,f/At
7.65kg(2,950kJ/kg .
Q=——"""—"—"—" = 0416 kW/C
(15 X 60 X 60)s
punpiiunInae = 30°C 13 Q = 12.49 kw
- %29 Secondary dry
{ﬁﬁaamﬂﬁmmmaﬁé’mwmﬂﬂuqnmgﬁ 15°C  dawii
a9t iivuganpiian 0°C 1w 28°C 1 18.7 wift
& a < b A o
anuowlasuaauaduloilaomyrzive laviidianuson
welalumsiAouaonus 293 kdkg  wazlugisfianunannisma
a A & A o & &
nouzianubunia 2% a9uk ANUTRIINRINZIIEIzIME 11

Uszanm 1.16 kg " anNSeunidasnsbilusi9i wldanauns

Q = mh,f/At
(1.16 kg)(293 kJ/kg)

(18.7x60)s
= 0.3 kW

a A

. gunnliiananue = 28°C 17 Q = 8.47 kw

mdﬁﬁadnﬁl"ﬁwé"dmuﬂmui’augaﬁ'qﬂﬁa 929 Primary dry
A9 12.5 kKW ¢35in zvimsadns Hot plate FmIUnImauzw
FTIWI% 5 UHUSG 8z 2.5 kW B3 Hot plate 1 wein aldiuonain
VLUWMITIUIU 2 DA
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msmmmﬂﬂuaam’%aaﬁwqtytywmﬁ (Vacuum pump) léfinns
$989niesesauuRInasSn  Labcono  ARTMIAMIALUR
HAAATMH 8 5A3 B9lF Vacuum pump 1@ 195 FATdewIfi uaz
iasifamnanisauuionaaime 12 303 14 Vacuum pump awa
195 Aasdawi Foadesauuefivnmssanuuuasduiiasiivune
MsauuRINEIg 10 AAs

F9is 3918anIUNaVed Vacuum pamp Eve OP 31 CV-3N G
ﬁmmmmsn“lumsg@awnweﬁiué’msw 350 A@sdawfl A Ultimate

3
Pressure 8 x10 ~ Torr
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A o ' ° =&  Ag wa
MINagaLLATadauwiIlugionsn  szuuvnanadunlti
° & o LAY o o A 2a o o
AMszmsianuiudiniinlasanuwuy’ll iasnngidnlals

A a . o oA a a A a &€ o
Compressor Tsflagudrfimaimisinsueainandaniidillu

szuuaadgiian 1oy Compressor An1szmavinananiu 1.1 kw

'
a

qnmgﬁ Condenser 35°C LLa:ﬁqm%Quﬁﬁ’J'ﬁ Evaporator -40°C
wazldansvinanaiin R-22 unu R-404a

iz Flunmesaunisutudefiiimin 3 kg
(~38a7) u3rglanaauawas 10 M wdazanefianunmwvasia
Vs~ 3 mm.
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MInageUMITNuUedasasauuislugig Prefreezing
"I,@TNammJéfJuLLﬂmqmﬂqﬁmaaﬁmzma guwnilvad Evaporator

uazgaunpiilu Chamber @Tmamsl,uﬂﬁwsl,ugﬂ?i 8 Lm:gﬂﬁ 9

1
30.0 ma
\ an2
200 aa3
_ 100 - \ aad
© an5
= 120 150
g’ 00+ ! ! a1n6
é
7
“ 00 ama
an8
20.0 1 = —_— a1a9
aa10
-30.0
va (min) - aamgfiadmin
HZUN
o a a S
U 8 madsuudssguimpivasiuzun
30.0
20.0 + o
= = aauugfimdmin
_ 1007 U
3 0.0 —— aaungiivadn
% 100 Evap o
E —— aouu)inin Evap
g -20.0
-30.0 —— aaungfiluChamber
-40.0
-50.0
nal ( min)

UM 9 nadsuulasgumniiadsvenihuzwnn gunnd

Evaporator LLag qmgﬁlu Chamber
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%99  Primary drying "Lﬁwamsmﬁwl,l,ﬂmqmﬁﬂuﬁmamfm:ma
auwniivad Evaporator uazgmnn Tl Chamber asuaaslunyunluy
Eﬂﬁ' 10 Lm:gﬂﬁ 11

300
| — mal
200 S (il
mm3

100 mad
g — A
! 800 1000 1Z00
& 00+ R -
g’ — A7

-100 A o

— mad
=200 A
maid
a0n - - - gumgiafmiteun
va{min)
UM 10 maasuulasgaumnlvasinuzun

300 ‘

200 +

100

m  ym 0 O _ .

g 00 Jprrerrs T T T l‘E_EIn’I_I‘?]: 1= 'ﬂ,mHQumﬁmﬂmmq
= : geom=e” aaumgimain Evap
: -100 \ - st Evap
& -200 \ aaungiiuChamber

-300

o0 |

-500

vai{min)

A o A _d by a
EU‘YI 11 msmawl,l,ﬂmqmmmmwaammma gounail

Evaporator Uag qm‘vm“ﬁ‘lu Chamber

HAIINHIUNIINAFAUNITAIIN UV ILATRIB A I I UT29
Primary drying ud? Umngirihuzwnifieglumedaniwiiuues
PpIAAINNaNBULRBLI TR N BN NZUIINT 10 DA W1DI

dwiin adildde 1.63 kg
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mﬂgﬂﬁ' 8 swnagldhlummesaunisvhnusas
isasauudalutag  Prefreezing qmvﬁgﬁmadﬁ’]mmﬂmwia:mm
arfumnbivwassasmaddsuulasiilnaidosin  Tesdnadouas
msmﬁuuuﬂaaqmwgﬁmn 25°C lhiln -20°C 1Faanvisnua 188
wift 3 Talus 8 wf) Lm:mﬂgﬂﬁ' 9 syl Lﬁa'§uq@=§umau
Prefreezing uadvinmstawaanly Chamber azﬁwiﬁqmwgﬁﬁﬁa
Evaporator aaadag193iai3a  fa ﬁmnﬂﬁwuﬂmmnqmmgﬁ
29.2°Cc lhilu -40°c lapldiian 8 wiit andulddnszuuvinanu

a
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a

aa 1Y o P o a ad
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