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Abstract
Cryogenics freezing by hquid carbon-dioxide (('()3]|s a freezing method in

which liquid o, (Boiling point =-78 5 °C at 1 atm) 15 spraved on a product and 1s able o
freeze the product in a short ime. This research 1s to design and construct a freezer usig
cryogenic process. The tunnel was a 0.5 m = 0.45 m rectangular duct. and [ 2 min length
and insulated by foam-like material of 0.1 m thickness Babv corns used as a frozen
product, were fed continuously by mesh conveyer and laid evenly on the floor in one slab
without overlapping Liquid <, was sprayed over the baby corns trom four nozsles
above then at 0.12 m in height. The nozzle have 1 mm in diameter. In a short time, this
cryogenic freezer could reduce the baby corn’s temperature less or cqual to -18 Coal
which microorganism could not grow under this condition In general. a quick treezing
method will change the characteristics of the product less than slow treezing method For
this research, after thawing process, the baby corn’s color {rozen by slow freezing method
was darker than those frozen by cryogenic freezing. The freczing times of size S.M.L
calculated by Plank’s equation were 173,198.270 scconds respectively and those measured
from the experiments were 205,235,295 scconds respectively Consequently the Plank’s
equation can be used to predict the freezing time of the baby coms. This study is, however.
in an intial state of development. It only aims to design and construct the prototype
machine. Further study is required for the study and development of spraving system and
nozzle. During this experimental study, it was found that targe amount of liquid oy s

lost to the surroundings due to Iiquid <0, oversupply which was uncontrollable by the

current prototyping machine resulting this research uneconomic. As a result, the spraying
control system is needed to be systematically designed m order to supply suitable amount
of liquid o, to the products
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Tulasiawinan (Liquid nitrogen — LN), e13uawiaganladinad (Liquid carbon dioxide
~1L.CD), mivanlasanladuds (Solid carbon dioxide — SCD), tuafaaanlae (Nitrous
oxide) uazWanalianfuauimal (Liquid fluorocarbon) 1u§:ﬁuﬁiﬁmmu?qﬂ‘ﬁ(mn
mmgmﬁfhmu‘ﬂnﬂ‘lﬁvﬁu lansalslawgaalsiiinu (Dichlorodifluoro-methane) %38

Funiunldd R-12 Sgammaaiiin CCLF,

a1svaulaoanlodinal (Liquid Carbon dioxide ,CO)

mivawlaaanlad (Carbon dioxide) Taiiulaslanuilsiuamislaas
Usaadufige €O, ldnnmuninsimaoionu Wl Toiwds neduldn wiadluua
waanldannisndauauluiiniaznisuaanaanagadaannimvan analaoiniwa et
srrumaleauile asuanlaoanladinaritesfiusnwiasvuasludeiianiuilearu
anufaunigldanueu 8-25 Alansusdaansaugudiuies warilgmnmnil —12°C g -
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Aaenuiudn SEmsududslaomsidesuenlasan lodinaninldlasnsdavosamar
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Propertics I ST unit | Eng unit
Chemical Symbol CO» l. CO;
Liquid phase(at Specitic gravity I.18(at 1.013bar) . 18(at 1 atm)
boiling point) (Water = 1) -
Temperature Late ;
I:STi?‘lxlgtll(:ri/iLT::; 78.5°C (at 1.013 109.3°F (at | atm)
Boiling point odt O VEpOTIZeiion bar) 571.3 kl/kg 2455 BTU/Nb
Specifie gravity (Air S o
ol 1.339 1.524 |
Gaseous phase Specific heat capacity | 0.85 k,lfkg'“(‘TW()‘) 0.199 BTU/1b F |
Seous phas Density kg/m' 0.12341 b/t |
Triple point Temperature Pressure | -56.6°C 517.3kPaabs | -69.9°F 75.1 psia W
Critical point Temperature Pressure | 31.1°C 7382 kPaabs | 87.9°F 1070.6 psia
| Molar mass 44.01 44.01
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AIRKIKK (Density), p
INN5AN¥Uad Choi & Okos {Choi, Y. and M.R. Okos., 1986] 1avinnng
nassImeNuwwILInia e landgnwniiaglutiag 40°C s 150°C lawd

“ v fFu &
anuduRusassiallil

(1)

4 P . . . v . &
IO p, A ﬂ')’m“u’]LLuWuadaiuﬂitﬂaU(ﬂ’Ng] a’]&!’\jn“’ﬂ@]ﬂ’\na?]ﬂ’]j@a‘lﬂ%

Protein: p;, =1,329.9-0.51847 (2)
Carbohydrate : p.- =1,599.1-0310467 (3
Fat : p, =92559-0.417577 (4)
Fiber : p;;, =1,311.5-0.365897 (5)
Ash  :p, =12,423.8-0.28063T (6)
Water : py =997.18+3.1439x107°7'=3,7574x 10737 (7)
Ice : p; =916.89-0.130717 (8)

o T = guugivednTuaineou (°C)

[ o v P
AN 1A TaH (Thermal conductivity), &
ANITEIAI LT auYa INER A T e T Uz IR i DeE kY TEna U 3

v A = L v 4 v '\" " o " v ]
awsanode Isiu enslulaesa Tusiu wdulo 1 wesi rildinisianufaulung
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arriauinly ud3adunfailuainminauiauy o uda A My a1uI T g 3N
N3AN¥1784 Choi & Okos [Choi, Y. and M.R. Okos.. 1986] lavininmaaaininitin
amuiaunasndanndt laofigunniiaglugie —40°C fa 150°C dwiu milnavesvas

1A - a o a v o sfo &
Traauanniundaimy lagianudunusaasaliil

(9)

B k, fa AnmihnnuTautasdiulstnauend o gunsomnldanaunisea il
Protein : kp = 0.17881+1.1958x10737-2.7178x 10712 (10)

Carbohydrate : k- =0.20141+1.3874x107°7 ~43312<10°72 (11)

Fat : ;. =0.18071-2.7604x 107> 1" =1.7749x 107 7~ (12)
Fiber : kp, =0.18331+1.2497x1073 7 ~3.1683x 10777 (13)
Ash sk, =032962+1.4011x1077 7' ~2.9069<10°77 (14)
Water : ky =0.57109+1.7625x1073 7 = 6.7036x 1072 (15)
Ice : k; =2.2196-6.2489x1072 /' = 1.0154x107 72 (16)

v
i

v . &
Wae x, @ mmv\ﬂmm FUN1IN aMu

x, = (17)

.
X = (%na —().4@)% ——/’} (18)

X = Xy

~x, (19)
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X = Fadwlaouiarasinaunsudam (%)

wda

xp = dadmlasuiavoalliiu (%)

x, = dadmlasuisvanimaimaudem (%)

x, = Fadmlaguiaraninfiudem (%)

T = guwplivesdinlwadnden (°C)

T, = paunnivaibanuisrasinlwadngau (°C)

P-7
taun1ail (Enthalpy), #
o . a o w = a o a a &
nmadguulastieunadmiumutuisndasusiiounniidieg wu
NMIAN®IEY Chen [Chen, C.S.. 1985] lemainusuwussasdewmatiuas
a o av a d N P v @ e
gumpillasimuagunnisniden -0 °C dafinaumaiidugud uasldanuduiud
o &
9%
AH =(hy - hy) (20)

s

1) ewnalnavgumniiaeidanuds (Enthalpy of unfrozen food). A, fa

. a o I3 d a . “ ~ I3
ﬂ']La%Yﬂﬂﬂ'U ENNRG]HN‘V]a']“']'iﬁuqULHQJJEJJHT]QN“QN?@LUBHLL'BG

Fusom lden
hy=hy+(T=T; )(4.19-23x, ~0628x)) 1)
oy a - = . . . & .
2) Laumaﬂnqqum‘muanum (Enthalpy of freezing point), A, f8 fN
Lauma'ﬂ'uamamﬁm%mmﬁﬁqmvﬁ{}ﬁgmLﬁamvﬁa unsomladann

(x, —04xp) L1,

22
7, (22

hy =(T; =T, )[ 1.55+1.26x, +

3)  ewnalwdsgunpiieaidonuds (Enthalpy of frozen food). Ay fa fin

Lauma‘ﬂ'uawﬁmﬁmfﬁmmsﬁﬁqmuqﬁﬁhqumuqﬁa‘mﬁanu-ﬁa
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aansomlaann
(x, = 0.4xp) LT
hg =(T-T,) 1.55+1.26,\-_\.+'m’—{)“—’ (23)
1.1
AH = dewmatliuandnsszwinaiounasnasgmnpilyaibonuds, kike
hy = seumatieugunniyeidanuda kikg
hg = saumatindsgunpiizaidonuis
. a -~ 4 3
P = ANURUWIUUYBIHRA U, kg/m
hy = feumalngumpiisaenuds kike
T = awnnizasndaimyiomis (°C)
T, = qnmqﬁa‘@Lﬁamrﬁd'uamﬁ@ﬁmm’mms °C)
T, = aunnildnads (-40°C)
1 u
[V a & Hdw 9 Y
x, = dadwlasuisvasndanusiamildlog (%)
Ly = sanudauudalunsazanpaaiif 273.2 K = 333.6 klkg
4) a‘munuﬁa‘mﬁamvﬁa (Freezing point). 7,

Q.T.Pham. [Q.T.Pham.. 1996] la¥inmsdnsiFaanmsvinuiy
aosudintennufauuszalunisurudeeamisnteyasiigg
laglddnatneamisinuau 43 ila ¥inmeasduazfuinwiAans

. . v a . o4 4
9 Wadnoldveuvagunni -40°C 09 40°C  Faaunailelunis
N a = a  w a o &
furumaaidanudvanfa s mm oo
1
, X X,
Ty =~4.66—2 464~ (24)

"'W(I

X gy

Xwa Swa

= FAAUABNIATDINNBUNTUTINT (%)

Fasulasuiavasdinlsznandueg

1

= daaulanuiauaidn (%)
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nsmuadamand udrewnTndouaimTiad

pAH PD+RD-

= PR p DR (25)
(T-T ) 2# 8k
-
s
AH = Mlpumatiiuandnsswiviauna: nasg wnilamdenud, kike
p = ATMUNWIULUDRINANS A, kg/m
T = qquﬁﬁmﬁwawﬁmﬁwﬁﬁaumm’miu °CH
T, = amwnindanmsusuds (°C)
12 . < £ -
D = WU NA T IREA AU (mm )
[ a & ' v 30
Ao = gulseinimsdiomanuiausestasing, (w/m'.l\’)
k = dmahanuiaunianmed (w/mk)

P ouaz R Aasaanlunsdnuianuaidsdnisineg P =1/2 uar R=1/8
f%ﬂm"ugqu?«m?mm P=1/4 uaz R=1/16 ﬁws“mgﬂmam:uan P=1/6 uaz

R=1/24 f%wmhu‘u;ﬂmonau

INNITAUIUAIAE19G99I8RzIBIANNAIN AR Usingdtnaii bt
msu'ﬁu'i“'m'ﬁwﬂwmﬁndauﬁﬁ'umma"umuﬁuﬁnma 1.5 udinatde 4 v 30 Jund
” N v - Vo W . y a e
FemrursovbhunlFunsaenuuvuataantaatudein 2 Inadndavuuulaslading
v s 'S a o« [y o L .
aroasuanlananladmaniilludunyy laviaiudsznaunan fedalli

\ 3 o [ P

WoIdTUUD T

vTadéwws”uuﬁuiﬂ&ﬁwmmanLmu‘lﬁﬁﬁnumuﬂuqhaﬂr P11 0.5x0.45
WAT WAy 1.2 was vnonimannd 1iailn (stinless steel, AISI 304) wu 0.0015
wat laofigunpilfounmolu -78.5°C Tadasiinruanwiudaolvimm 0.01 was ud
a o« v = v MY e oa & 4 4 o = v oo ot o P
tarnuaomannd aiudndunie ‘nwam'ml,'umu‘lmmnﬁaanLLuu1umﬂ5:@LU@Lwa

AN ALRZ LI N TREIUMYN
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GRDR AV GRIGEE
ANUWIAUBIRBIFMIDUTWEIT s nua b awindndoailuwuua i ain
fa17un119 0.45 was ez lU-ndy 3 wes veumanna lislluoiafddudany

2 M3 161 (stainless steel, AISI 316L) Liumuﬂudnmd 0.001 Luas

Wiasuawnad

Wasenanusnvesasiwiuwsuiniudiiwuannuiisausasuanes
Sufonuainasnanionatauvasuaiaaile uasldvinnsidansiniasaaedeiivua
Lﬁnﬁi‘mﬁa 2w 0.09 kW a$aTeu 1,250 saudawit usandawlwia 380 Taas

lanilaaTine 1: 160 sau vlianui:seuasasinia 8 saudauin

o A - ] oo v 3
sun 2 wwiasusuderawadnaawunulasladiinderoarsvaulaaanladivan

I @UWIUELRDY MANIUAUAIUYEIRR)

o . < [ € I
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