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Abstract

There is a huge amount of food produced every year in response to consumer
demand, and there is still a growing trend. Nowadays, laws on food storage methods are
becoming more and more restrictive, including freezing, which is the right way to slow
down the preservation of degraded food. High-quality nutrition and a long shelf life
.Food engineers are interested in predicting cooling and freezing times to estimate
cooling requirements for cryogenic systems and designing essential equipment for
Perfect ~and rational transformation Must consider the reduction of energy
requirements. The reliability, safety and quality of the product are minimized. The
project aims to study the frozen food preservation process as well as study computer

programming for predicting the freezing process time in Python.

Keyword: Preservation of food; The process of freezing food products; Time

prediction; Python
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1l Aaandfvetemis (Fu Anurukiy Aufaudnng v1av) annsedsafudunis
sufuvesnmanTRvetudazasiuseney FesznalaganuduiudiiauslneChoi and Okos
(Choi, Y.O.MR. , 1986) aumtinfivesgamafionms nszurunisududedaldfudninain
auanifvesianardlunisiarudy wiawdinsuandsumnufouldiunansenuan
smginazauiiivesiinarslunmsvhaudu Tuuudassnufeudiviaussivisazgn
vl duasieematanuantldunisussdulasldgiudeya REFPROP (Pham, Q. Tuan,

2014 )
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AduUsEaNE nMsaewmANseu h serinsermsuasfanatsrinau iy
w3fiwmesiAeadestunssuumsutnds WesnesuieiUssansamusanisuaniUasy
Ardou Juagiuguiunnuazeiavesemauae ieafugumninaraus (ugdauay
7An19) vesdnarsvevalkaza1u1sanuInlaaIn Nusselt number N, n13a3193UNTS
mmﬂmﬂi%gﬂmmmmﬁmﬁugm (NTINTLUBN,NTINAY, TTUIULUY 181 ) Hr8li nnsuseidio
N, Tnensimuadalssdndmumiingives Reynolds number (Re) waz Prandtl number (Pr).

fethatulunsdivesemnsiiiuiGey (eiiu Sunalsiviedn, wenuesinefidudu)
uarirnsdulaveavadiviaveadanats N, @snsamunalalaeuszanandy (Holman JP,

2010):

{Nu=0.037Re0'8Pr1/3 with 5:10°<Re<10’ and 0.6<Pr<60 (1)
Nu=0.664Re’>Pr'?  with Re<5-10°

dmiulsunsgunsanseuen (WU wAsen, l&@nsen, wHen a9 ) LaLvaaUaIPINGN
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Asaanfumsihaunsvestesdaduaziisualny (Holman JP, 2010) unly

0.5p1/3
Nu=0.3+ =T (1+(re/28200)°) " with Re-Pr>0.2 2)

(14+(0.4/Pr)?>)

! a o (3 ! o sl g v a s
AUNARAUNYTINGN (LTU 07 LTDIT URLUDIT tUURUY) 8nTuasimines (Holman JP,
2010)

Nu=2-+(0.4Re®3+0.06Re2/3) Pr04( Lmedum 025 \ith 3.5 <Re<8-10*and 0.7 <Pr<380 3)

Kfood
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Juselutuneunsesnuuulssnulugaavnssuomis aunsorwalldlagaunsiiugi

voslginisihanuseudaninsadeulalaglinguesEiuiinelidesainminuiauniely

pCp ——v (kVT) (5)

a a

Tneffaunigiudsielud (1) lunsdlvesdymAfiiffonazannzas; )
frsaanizausauLlifigesidneanainenms: (3) Ingliddinnugeuimuizanly
msldemsiduasen T, 8¢ T, @Guneudounsyinliidu) uavanT, 89 T, (Guneunish
mdugen); (@) auuiligumgiuazanaudinisauiouvesndniusinei seninems

Wagua ansuaududeiauelae Plank e

PD RD? (6)

tolank= T‘ (—-—)

e L Aannuseuuss, Tr Aogaunilisudy, T, Avgumnivesiingls, h A
AduUszansnisaneleunuion, k Asrn1siiAusey uag P, R uay D Aetadesusiaves
9113 Wit uTataimungnsad Plank, Pham lalauegnslual ( Pham QT,1984) lag
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1.5 K Tisningaumgilisusu T; tiefiansunavesnsiviguuuasvesgamg Tluseninems

Waguaems ansves Pham thanldluiiilife

t’pham: f pham ?=1 t (7)

Tned t, unwnanfildlunisangamafionn T, WuTf (pre-cooling), t, L3aMRBINITUTUT
9IMTUAE t; LIA1ARRUNNNAIN T i T, (sub-cooling) YAFuNISWALY foam, tAUBLALPhaM
(Pham QT,2014) lasunisuuzinlvidfadawansenuresiinatsveamaingamgiiaiuin (<<-

40°C) tagd1u1sa uanaduy

Fopam=170-41 RY>-(1-e7B1) (8)

1o Ry ﬁaé’m'\dauiswiwqmmﬁwLL%waamwﬁ Tr LAZDUNANVDIAINANVDILTA

Y Y

T., 7 Bi w@nsdle Biot number 89019115 lagazdenunTuluLAarase t @1unsaa1wula

1

Q;
h ASATm, )

(1+2% (9)

ti = P

=3

o Q uansismueuitasgnisooninlusaziunou; h Aoriduusyandnsdiew
AudeuRASENIeIMISHARS ey Fananswesmal; A, fufluaniUasuninudouses
9IU1T; AT, ﬂ'ﬁLaf?{ammLmﬂGiwuaqqquﬁaaﬂﬁﬁﬂwﬁmmiLLE&LL%&ﬁLL@ﬂ@iNﬁ’u; Bi A® Biot
number; k; ﬁﬁé’mﬂizawézﬁmmaq Pham wW191dmes Q, ki way AT, @wsausyiliulaniu
(ASHRAE,2010) Lﬁaﬁmuﬂqmwgﬁmmiﬁué’ul,l,az%guqmﬁw T, 4ag T, ¥99NTEUIUATUTLTS
ardou Q Juagiunnantivomantusiomnslaganizaufounazarumuuuans

wazU3uIaeInis nansenuvesyUusemsaenssuauntsuudagnainliluruade e
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3.2 35N15ALEUIY
1A5an5UTNsALENU 5 ddu HudAe nsiAuAdLUs, nswuasan, niseudnlu

gAY, ATLLEANNG LAY AM55uUlUSUNTULAZATIVEDU

3.2.1 NSAUAIRIUS

3.2.1.1 vnmsdpulisunsudmsunisiivansmdwesannisdeudeyadae

wluianilvieglusuvesiudsidmunll

gui=Tk()
gui.geometr
gui.title(”

en ‘e Initial (°C)",padx=168,font=38).grid(row=4,column=8)
"y {width=18,textvariable=-Temp,font=18}
{row=4;column

3@) .grid(row=5,column=2)

etd.grid(row=5,column=3)

JUN 3.4 mdsSuansailannnisteudeyasmenisiud
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*(Re**8.5)) + (8.06%(Re**(2 ) * (Pr **@_a) * ((ul/u2)**@.25)

Re**p 5 % Pr¥%(3/3))/(1+(8.4/PR) )* (1#(Re/282000)**5/8)**4/5

'
@

UN3.10 ArEeAIuIeIIA1 Nusselt number

CaN

lnadiioulvds d1gUunsvvesemasidunsinanazldaunisi(d) Tuniseuaw,
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3UN 3.11 MAAIINMAT heat transfer coefficient

TA8AUIIABANNISA(G)
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3.2.3 $M SR e UlUTHATUAIMSUNITAUIINISYNUNEAIVDINTEUIUNITUILT 18195

L/(Tf-Tm) * ((P*D/h) - (R*(D**2)/k)
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gui=Thk{)
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gui.titlel"F
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3.2.5 YINN1SEISNAUNITINIUVBIUTHATUAILAAUIULEAIAIDDNUIIUUIINITATIVEDU

) | av v ay v ] )
ﬂ')’l&lLL&IuEl’]i]’mﬂ’]VI‘lﬂﬂU‘f]th‘Vi']‘Vl‘lﬂ&lNﬁLQa&WIQnLLaSLL&I‘L!EJ’]

The analysis of the trade-off between a batch process or an in-line process is here applied to three different case
studies: (1) sausages, (2) peas and (3) slices of pineapple. The selected products represent different foods in terms of
composition, size and shape. For each sample, standard values of composition [11] were adopted and the shapes
were approximated by elementary geometric objects, depending on the heat exchange surface: a cylinder for the
sausage, a sphere for the pea and a flat plate for the slice of pineapple. Air was selected as medium fluid since its
cheapness, large availability and low risk of contaminating foods. Composition and shape data of the selected foods
are reported in Table 1.

JUT 3.14 nsdiEnwinismnatlunisududeemns 3 wila

9n3UT 3.14 Wunshesinisuandfeuszninanszuiunsiuudugansenuuduladl

'
[

g lulddunsddnuad unndrsiuaiunsd: (1) ldnsen (2) dadumn waz (3) Ju
#UU230 HANA NI LADN T UAIWNUIDIINI TN ANATA UL ULIVDI99AUTLNOU YUIA haY

o 1

JU9 dmsuusiaginegeazinaanesgiuuesssduseney; uildiarsusiagnuseannlaging

e

I a

mMusvetaUesrulusgiviuiinsuaniuasunlusaw: nsanssuandmiuldnsennsainay
dusudauazisiusuudmsuiudulesn . omaldsudenliiluveanairnanaiailesnind
agnivTunannuarianudsininazduilauluemng deyaesdusrneunazius1aves

215 TaBNwansbIlun15197 1

M13199 1 UansA1asAUTENoUYeIHAnsMeia Ishaztayamusvintnfilandimuauilv

Sausage Pea Pineapple
Moisture fraction content: x.., [%o] 51.08 78.86 86.50
Protein fraction content: x,. [%4] 14.25 5.42 0.39
Fat fraction content: x [%4] 31.33 0.40 0.43
Carbohydrate fraction content: x., [%] 0.65 14.46 12.39
Fiber fraction of carbohydrate: x;, [%e] 0.00 5.10 1.20
Other fraction content: x,, [%0] 2.70 0.86 0.29
Bound water fraction: x,,, [%] 0.4-x, 0.4-x, 04-x,
Initial temperature: T; [°C] 5 5 5
Initial freezing temperature: T; [°C] -1.7 -0.6 -1.0
Final temperature: T, [°C] -18 -18 -18
Latent heat: L [kl/’kg] 171 263 289
Radius [cm] 1.25 0.3 55

Height [cm] 10 - 1.0
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4.1 HANTSNAADUNBATUNITAUATIN

? Freezinf Time Fomula For Food

Kind of Food [KindefFoed |

5UN 4.1 mihasialusunsunanavilnese g

? Freezinf Time Fomula For Food

Kind of Food [ Kind st oo * /|
Medium Water or Air I

JUN 4.2 wiwielusunsuuanivinueadinans
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# Freezinf Tirne Fornula For Food — (] =

Kind of Food
Medium
Shape of Food

UM 4.3 misalUsunsuuansyiingnseweoms

t? Freezinf Time Fomula For Food ~ O >
Kind of Food Kind of Food |
Medium Water or Air pd

Shape of Food  {swpe ]

Temperature Initial (*C) o ,

sUN 4.4 mihsalusunsuuansesdmivdoutouyavesgnmniisunuy



@ Freezinf Time Formmula For Food ==

Kind of Food

Medium
Shape of Food |
Temperature Initial (°C) |0 Medium Temperature (*C) |0

5UN 4.5 mihshdusunsusanstasdmiunisteudeyavesgaumniisinans

lf Freezinf Time Fomula For Food o

Kind of Food Kind of Food w

Medium Water or Air <
Shape of Food Shape “
Temperature Initial (°C) {0 Medium Temperature (°G) |0

Temperature Final (*C) ,O _

a 1%

5UN 4.6 mihaalusunsusanstasdmsudeuteyavesgaumgiianing

q
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# Freezinf Time Formula For Food — >
Kind of Food Kind of Food e
Medium =
Shape ofFood  [shee ]|
Temperature Initial (°C) [0 ) Medium Temperature (°C) [0
Temperature Final (°C) [0 ' Wide or Radius (Cm) o
sUN 4.7 mihealdunsunanstesdmsudeuvesyavesiadl
@ Freezinf Time Fomula For Food == =

Kind of Food [ Forid SFoay ® L
Medium Water or Air o
Shape of Food [Shape 7

Temperature Initial (°C) |0 Medium Temperature (*C) lo
Temperature Final (°C) 10 Wide or Radius {(Cm) |0
Length (Cm) (o

5UM 4.8 vihvaluunsuuanstesdmiuleudeyaratndnuen
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? Freezinf Time Formula For Food =
Kind of Food
Medium
Shape of Food
Temperature Initial (°C) O Medium Temperature (°C) D
Temperature Final (°C) 0 Wide or Radius (Cm) 0
Length (Cmj) 5”['1' Initial freezing temperature (°C) D
Time(s) [
JUN 4.9 ntenalU SN TULENINAANSYBINITAIUIN
4.3 NANISVNAABINYANUNAISUUBIANLAZNITATUUENNS
? Freezinf Tirne Formula For Food =

Kind of Food [Kind of Food  ~|
Medium \fTater or Air \’,l
Shape of Food [Shape 1 ]
Temperature Initial (°Cc) |0 Medium Temperature (°C) [ 7
Temperature Final (*C) ok v () Wide or Radius (Cm) fcd
Length (Cm) o\ L Initial freezing temperature (°C) iCl_
Time(s) — 4

Calculate

5UN 4.10 mihsalusunsuuandudadmsunisauin
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lf Freezinf Time Fomula For Food — (| =

Kind of Food ~ [KindofFood -]
Medium Water or Air ~
Shape of Food  [shepe |

Temperature Initial (°C) |0 Medium Temperature ("C) 10

Temperature Final (°C) |0 ) Wide or Radius (Cm) 5-0

Length (Cm) lo ) Initial freezing temperature (°C) [o
Time(s) -

Calculate I Clear

5UN 4.11 wihdnslusunsunansdudndmiunmsandeya

4.4 NANISYAADANYINUNITATIVEBUTUSHATH

nnIEAneedY sypznavesnskidneliaamgiivesdina1sfie -110 °C uay

a

-4 gy o8 ¥ a o 3 o
AL 0.4 m/s igagma’]‘w9’]aQELmUﬂ'ﬁW{L‘ViNaGIﬂm%@qwﬁlﬁl’ﬁ]uaﬂua%usﬁ&sﬂﬂ NYUNHU

Y

& v A A A a

SRy Wiy 5°C aunseaiafisgamaiiaavined -18°C dnsenldinan 420 Juriiviednidu 7
undl, dutzsaldinan 840 Jundiviedndu 14 wift uazwdedaldinat a2 JuriividAndu 0.7
w1 (Biglia, Alessandro, et al,,2016) lngvian1sAnszezianvainisuaudsniglagumgl
fananaifeariu Arisaiioaiu gamed Sudulezaninemileurudelusunsuneuiamesle
wadnsoonundu (:ngui 4.12 ldnsenldinen 412.9 FuriivieAndutdu 6.88 it vihls
wadnsvaslusunsufinuaanindeui UNadNs YR TdANwIeET 1.714% (91n5UT 4.13)
dulzsnldiian 842.82 Jurfiviednidu 14.047 wi vilinaadwsveslusunsudaiiu

a

AaAndsuiuNadnsveansdifinweg 0.33% (11n3UN 4.13 ) wandaldiian 42.02 3ud

N4 a & N o9 v v & = d' o v & ) 1l
n39AALUY 0.70 U VlﬂmNﬁﬁ‘Wﬁ‘Uaﬂﬂnmmumm%’mLﬂaE]Uﬂ‘UNaa‘Wﬁ“U@ﬂﬂimﬂﬂmE]EJJ‘VI

0.05%
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# Freezinf Time Fomula For Food — O =
Kind of Food Sausage ~
Medium Air il
Shape of Food
Temperature Initial (*C) 57 Medium Temperature (°C) ;"-1 10
Temperature Final (°C) |-18 Wide or Radius (Cm) 2.9
Length (Cm) [10 Initial freezing temperature (°C) }‘l T
Time(s) 4129
Calculate Clear l
=] v P ° % P a Y
;Jl]‘VI 4.12 ‘vimmﬂ‘dmﬂsmLLaﬂqmaawsmammm%aﬁamaﬂmaiquwgmmmﬂmﬂ
-110 °C wagAasa 0.4 m/s
I? Freezinf Time Fomula For Food 5 O =
Kind of Food Pineapple ~ |
Medium [ e w
Shape of Food [Square rod M
Temperature Initial (*C) 5 MY/ Medium Temperature (°C) 1170
Temperature Final (°C) -18 Wide or Radius (Cm) 11
Length (Cm) i = /X Initial freezing temperature (°C) (10 ||
Time(s) lga282

Calculate ! Clear

JUN 4.13 miheindlusunsuuansadnsnisAwInvesdulzsanglionumagiivasdinand

110 °C 4azAUs? 0.4 m/s
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# Freezinf Time Fomula For Food == O >
Kind of Food Peas ~
Medium Air B
Shape of Food Sphere =
Temperature Initial (°C) |5 ' Medium Temperature (*C) 110
Temperature Final (°C) |18 Wide or Radius (Cm) lo6
Length (Cm) - Initial freezing temperature (°C) |-0.6
Time(s) [42.02 ]

Calculate Clear

JUN 4.14 wihanaldsunsukansadnsnisiwavetuanmneglaoungiivesdianats -110°C

WAAIULSY 0.4 m/s

Tudnuazideniu seaznanveamsutudinelfeamnivesiinaadsudu -30 °C way
Anas7 20 mv/s sresaideddlumsilindndasiomsifuasuasituds :1ngamgd
Budy Wiy 5°C aunsgisdsgamaiignined -18°C lénsanldiaan 840 JurfinieAmdu 14
ud, udesaldiag 1680 Iurfinsenniu 28 Uit uavwdadaldina 90 Juriivsandu 1.5
Ul (Biglia, Alessandro, et al.,2016) lngvinnisAnszuziianvainsuiudenieldgungl
fnaafenfiu miiifendu guvedifafulazan nemileudtuselusinsunouiiamosls
wadwseenady (1n3uil 4.15 ldnsenldinan 84039 Jundiviedndudu 14.0065 il v
Tinadnsveslsunsuiiniunainindeutunadnsvesnsdiinuegd 0.04% (@IngUT 4.16 )
duueseldinan 1675.8 JudivideAnidu 27.93 il ilvnadndveslusunsuiianuaainindeu
Aunadndvosnsaidnuwieg 0.25 % @ngui 4.17 ) wiadaldan 75.81 Jurit vieAndy

1.26 u#t vilvinadwsvedlusunsuiauaaiamdeuiunaansvansalfnwedi 15.77 %
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(? Freezinf Time Fomula For Food

Kind of Food

Medium Air ~

Shape of Food
Temperature Initial (°C) |5 Medium Temperature (°C) =30

Temperature Final (°C) [-18 Wide or Radius (Cm) 25
Length (Cm) 10 Initial freezing temperature (°G) |-1.7]
Time(s) |840.34

Calculate Clear

JUN 4.15 nihanaldsunsunansadnsnisAwinvetldnsenneligumalivesiinans

-30°C LaZAI1ULSY 20 m/s

t? Freezinf Tirne Formula For Food

u [} >

Kind of Food [Pineappte |

Medium [ e £

Shape of Food [square rod e
Temperature Initial (°C) 5 Medium Temperature (°C)  -300
Temperature Final (°C) |18 Wide or Radius (Cm) e 11
Length (Cm) 4 Inifialfreezing temperature (°C) 10

Time(s) 16758 — |

Calculate Clear 4

JUN 4.16 mhsinalusunsuuanaradnsnisAwInvesdulzsanelioumgiivesianas

30°C wazAMHLs 20 m/s



ﬁ Freezinf Timme Fomula For Food s O
Kind of Food
Medium Air ~
Shape of Food
Temperature Initial (°C) I5 Medium Temperature (°C) |30
Temperature Final (°C) |-18 Wide or Radius (Cm) o6
Length (Cm) ;Q Initial freezing temperature (°C) -Od
Time(s) 7581

Calculate { Clear

sUN 4.17 wﬁwhﬂﬂmﬂﬁuLLamwaﬁwémiﬁﬂmmmaqLmﬁm{hmBlﬁaquﬁmmﬁ’mmq

Yy 9

-30°C WazAINLS) 20 m/s
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AgUnakazIn TSy tinus

5.1 d@unan1maag

MnMsAnyInTzUINNswiudadndasionsnield 2an1e Aeaumgliveadinalsn -
110°C waz -30°C saulufiennudafl 0.4 m/s uaz 20 m/s nuinigligamgivesianaisiien
v I v J A [ 1 ' & (5 v A a1
Wity Ay uissezlianiltlunisududldmin Tneduegiuvaeladen ey

ANYAEFUTNVBILINT VUIAYBIBINIT AIAINTBUAIN VB0 IS

wavduvaslusunsuraufiunesdmsunisywenaildlunisuiudwdndusiomis
tu 91nmsvnssulusunsukaznaaesmuawuIndinsaanninasuvetan TneiAaany
ransupAausel nsurudwansasildnsanaainraou 1.714 % duUzsn 0.33% wavludndn
0.05% 7 gaumnddanats -110 “wazigamgdaanats -30 °C nsusudandnsneildnsen

AANALAABL 0.04 % FUUYIA 0.25% wazllania 15.77%

5.2 Jgymninulusznanesnu

YeymmnuAenisszuinves Covid-19 Mvintinlianansaluumiineasle

5.3 wuamelun1siaiun
NuATellsunsupeufinmasdmsuineaamgilunszuiunisudulwdndasioms

aunnsaluimundesenls Tasenaazidunsiiunszuiunsuusglemseiadudiluse
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