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ABSTRACT

This thesis compares the temperature distribution without partitions and
with partitions installed. To study the effect of partitions on the temperature
distribution for shrink wrapping inside a heat tunnel shrink wrapping machine. The
researchers experimented with-installing partitions to separate two different zones: a
heating zone and a cooling zone. A partition is placed between the heating zone and
the cooling zone. To prevent the outside temperature from transferring into the
inside and the inside temperature from transferring out of the heat tunnel, shrink-
wrap the machine, which collects data. It is calculated using the standard deviation

equation. To compare the temperature before and after installing the partition.

The results show that the response of the partition results in a deviation
of the temperature distribution inside the heat tunnel shrink-wrapping machine. It
was found that the temperature distribution has a non-stick standard deviation. Set
up, the partitionis equal to 6.91, and the standard deviation with the partition
installed is equal to 3.91. Before installing the partition, there was a quantity of
packaging that was non-standard at 30 percent. After installing the partition but
maintaining the same temperature, there were many pieces of packaging. The

number of non-standard packs was 60 percent, and after adjusting the temperature,



there was 20 percent of non-standard packaging.

The results from this research reveal the partition parameters that result
in the temperature inside the heat tunnel shrink-wrapping machine being more
stable. It can achieve the research objectives that have been set out. Reduce heat
energy loss from temperature transfer between the temperature inside and the
temperature outside the heat tunnel. This is because the temperature inside the
heating zone is closer to the temperature setting value of the machine. and can
reduce the amount of work that does not pass the image quality standards from the
Quality Assurance Department. This is based on the research hypothesis. It can be

presented as a guideline for controlling uniform temperature distribution.

Keyword : Heat Tunnel Shrink Wrapping Machine, Temperature Controller, Partition,

Shrink Film, Heat Transfer, Manufacturing Process Improvement
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1.8.1 9aamnITUATOINN (Beverage Industry) Mu180a @AEIMINTTUATOIAINTS
anansauUteenla 2 Ussian Useneusig
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WALUULIARIINTY (Heat Tunnel Shrink Wrapping)
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by Value by Volume

21%

64%

Alcoholic = Non-alcoholic

MnUsEnaU 2 MSUSInAwIasRuvasUsswalne U wa 2563 [1]

Alcoholic Drinks Non-alcoholic Drinks
(~ 473 Billion Baht) (=247 Billion Baht)
Sports and Energy
Drinks 13.3%

Carbo RTD Tea 64%
Sod

Juice 7.7%

RTD Coffee 56%
Others 10%

Beer ;
54.3% Bottled
Others78%  Water 32.8%

AUsENDU 3 dunuinsaanansespuussndlnalenaiuusuin U w.e. 2563 [1]
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2.2.3 ITUUATUAN
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2231 msmuaNeamnll Musiudndudssuduieilasnsnismadiniui
sioans Taglavilsiudn susivFefidudsme fdumnuamnsolumsuiuuassngungiv
gndesdadudsdnlunszuiunaiieliudleinnislinnusoudianuaiiausuazusiue

2.2.3.2 M35AUANNISIMaIEUT8981NA QLUANAYAINITEUIUNTTIATUNIS
panuuULUUnLUlguINATauneluglied finmusenay 6 illasdusenaussuvausou
fl%nnsnszateanufouiiatianeiitininueuazanunineesglusd n1snszais
arufouiiasiianetitasliullafmadnsnimainunings euBaneugsgasoaue
AUNT1Y YomtdnsTivasdieanSeuvznafintusey q naafe nandssesdu
viosesdaiiliaiiaue dunisdardandsdviuanunefuneay Usinmaauisia
Lazgungive s nATIsnsTeauieustisailausLazansaUiuLielildsnsnis
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2.2.4.2 syvuaenIud1Ses noulndnSueidaiadaefdunnazgnatauy
aenua3esviesyuuiidFesduiinuglsdanuiou

2.2.43 msldeudou vugikdndusindouniuglued wansasiagsiulud
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2.2.0.4 Twuiaudu ndnindulasunusoulagunsiisou o Wan e

Hanazidnglauinnudunieuenglued dsagdaevinbindusgluan mmass viliulalad

InsUaninudumu [5]
2.3 M1INsEALAveun lineluAIaINg

ANTRU (Heat) Ap WAIIUNAINIT0A818UHIUYBUINTBITEUY Logunyd
.Qi
7

1 [y

sersszuuiudanedentinuuenaiu Inefifiamdumsdelouanuouanuinmuii
gumpigsniluausnuiifigugiiiiniiuaznsiiemndanuasngaasilofinmiuanna
yaeufeu fauaudenivamsafenlddn Wusuuremdsnuiisiemssrinsssu
aossEUUVIeTEMINsEUUAUAIndDN 6?5@LfluwammﬂmmLLmﬂsmﬁuaqqmugﬁwhﬁgu 20N
foufananaziiuldanezhidnsaamanuoussnineszuuiiilgumgiiendu anufeu

JeUnY
é’fﬂﬂa'wﬂumaqm‘mwamam%ﬁ?uﬁadwLﬂuwé’mumdu %uﬁu@mauﬂ’awﬁwaﬁwu lng
svovarlifinsazaumiudeuonliudozaramdungsnunnely Tnoamdamnunigludul
ANFUTUSAUAN1IET995E U druaanddautiuasiAgafufunsEUIUANSIENINTEUY
Imaﬂizmumiﬁmm%’aumaL%Lﬁﬂgjizwﬁaﬂ'jﬂ AszuuNsiAINSeU daunszuaunsi
ANNSEUTiaEWMEaNaINTEULIRENTN NTEUIUNITANEAINSIY waznTEUIun1STildiing

DNYMAUIDULRENTIT NTLTUIUNITLBLABUIRN [6]
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FBseneweudeu (Heat Transfer) uuseanilu

1) Mmsthaudeu (Conduction) anefia nszuaumsiiamuioudigimlag
o1fensndoulmusiesneuvieluanalurealdslumudidu

2) N13WIAUIaY (Convection) N8R NTEUIUNITAIEMAIUNTOULAY
o1fnsindeuivesuediva Tnslanzmimeimanuouseniniamivesingiuvesiva
36031 NMIIAINTe lugunsaldmsunueravngsy LagunnnIsaneANTausEnINees
Inafuivesing Snasddgnitnistemanuouneluivesinaies luiitaznaninis
maufeuludnuazdngn msmanufeudatuldanmsivafifiniuesnusssusd
Hosrnanuunnsnsesgunnd waenisladiinanduviennan sy Fuvuusnendy
N1SNIANUTBUAIUSIIUYIR WUUMEAUIENTT N1IIAUTouLUUTNAY

3) M3uH3sA (Radiation) Iagynuiinazisssdadunimanlniridaimen

wagANNIdUAIMiianuineynasanal lngaugLagANlNIETLaY UL HvDs

[ = 2/ v =

Taquu n1suradukiunanbiiniiFendn nsunssdaliufou niningduganiuaiu

9 Y

£
o = 1

1 @ a&l =3 v [ $ % [ 14 a [ 14
wiiwmanlniial Aaglasundinuanuiewinligamgivesingadu nsaemainusouly
L ‘&J‘:‘ v a
anwazliSun AISURSE

Usingnisalnisaiswmainuseu auisasuseendunssuiunisaeil uasg
nszuuMThingm nsvviumsasivaneds lunsdiemaiuiou nmsnsyanegamniinigly
v v a b r.:l' I a1 d' -&’ (Y [ 1 Q{'
ArinquazUsuiunuseundignazirinflivuegiunan dulunseuiunislinegg
Usunaumaitagiasuuuasnunan [7]

aunsnisinavesaesluanuiuldunlvdynmisnaransvosluasaiuiu
Usznaune
1) ammsaq%’méma (Mass Conservation Equation)
2) aun1slaumuin (Momentum Equation)
3) @UNINSNU (Energy Equation)
aumsianunlzegluaunieusndvemslnawuusIusey (Laminar Flows) uaz
aun1seysnyveinsivawvuludau (Turbulent Flows) aunisudazaunisaziiliunly

Yeymnslualasaunisliaeiiles (Discretized Equation) 11131nA158ULNTA (Integrate)

99EUNTVN9AU [8]
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2.4 anwausNauNn

2.4.1 Wauue (Shrink Film) A8 Wa@RNNLASUNISNAUALAIYAIAIUSDU WA

=~ o

lgsumsidaugumnuruiiaunarafinilasuainusen a aamgiindsngninnualinasyinln

Y

AAUTINSUAFIEI938A71 Nauua [9] fanmusenau 7

AnUsenau 7 Nauna [9]

a

2.4.2 Fagildviilduva nanindanuszianindwes wanadin PE v3olndlefiau
(Polyethylene) Tne¥an PE usiazUssanesliguantinnnumuniu audangu wazdn
waneinariuly

Uszaamidl 1 LDPE (Low - Density Polyethylene) Tnalefiauainaiumuwiy
si Adufifiaa v s Fidmdnldnn Tugude aunsavidlralald wazdilundadugs
WAZUITNTIFaINTIaTe

Uszunndi 2 LLDPE (Linear Low - Density Polyethylerie) Indwefidusiineiy

=

wdumdaduildumenninanianUszianil fguauifinunuumiaiu LDPE udaedl

9

AINUEANEUEINTT MUNSNIEUNNLAANTT
2.4.3 Uszanvesildauva

2.4.3.1 Wauvaleyu dwiudnuarvesilaunaiioguiy ndwiniignanuiou

|

LAFINAUEUAFL InendsanindunadlTeusosundd nwdufaznaedunidudan
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WIS IASMTEINNTY WLNzAmSUNTSIEedumNivIminuin vseldlunisviendn S

= 49/ v 1 1 = %)
fvannvangdulvieglundudeniu

'
o a

2.4.3.2 Waulauazin Wauswvuladuazlddmiuiiuanuiraulalduds
wansiouel iielindnsiusiglanwau aseu Heldudagiend dmsudusznaunisiiseanisiy
AnuazenLaalvalliiunansiom

2.4.4 Usglgvuiduva

[ [

winngdmsunisuldunalivieniundn s dadeludaniundmuig insizas
anunsadesiumnudemeainnsvuds [10]

2.45 Hadglunisiden

Uadglunsidenldildunalilausednsnmgegn desddedenuantfvesiidunai

THhdundn 019 A3mnun Awillen Anuuduswesseslantn arwla gamgiluniswe

o

Judu wendinildedios muauaumgivesaniounazszesnainuausoulimvunzauiu

aa U

FRAVBINAN NV IAANURDROU TudadenaIl wana1NALYVNAANNITLANYINVDINAUNTD

nMsdugunas Gulinalindadusivinanuintedowazliiluneensuresuilaadu [11]
2.5 awnnu

Tetaanunsawuswanivui Tuaddedlnionuaenlaunwanansiuaaday Ao lau

anuSousaglyurinanudu annuargna1elisevninmddleurinauseunasniilyy

audu uaglfiielesiugamgiainmeuenuargamgiainisuitanuduldlidiemdng

Y

s

aelunaziinedasiuaiusaudiemasniannaesasiuildaunawuuglaednauiou (Heat

Tunnel Shrink Wrapping) fen1mysenau 8

AMNUSENDU 8 AINNULUILENTUNWANA1AY [12]
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2.6 U ANYIVD9

nsAnvlaznuITeiingatesiunistesiugumngil N15AIUANEUNYE N13AANTS

Z;IQJJLEIEJF’TJ']SJ?@UQ’]ﬂﬂ']iW’]ﬂ'J']llﬁ’e]u LLﬁ”ﬂ'ﬁﬂiuﬁ]’]ﬂ@]'J‘UENE]m%{]Q 1 AN15ANIUNYUNTUNAIY

£
a v a

V]’N’J‘U’]ﬂ’ﬁ‘b@EJ'N‘Viﬁ']ﬂ‘W:‘I’]EJVNGL‘L!LLau‘Ll’EJﬂ‘USuL‘Vlﬂ Tag U UNLWIAN A ﬂﬂ‘U']Na‘U’eNﬂ'ﬁﬁlﬂGN

Ly

anfuniidenisnszatemivesgungidmsunswavuilaunieluinsesiuidunauuugluen

[

audou (Heat Tunnel Shrink Wrapping) 8ssausiuanddediioatedlised

Goncalves JC, Costa JJ, Figueiredo AR, Lopes AM [12] ﬁﬁﬂﬁﬁﬂmﬁaﬂ CFD
Modelling of Aerodynamic Sealing by Vertical and Horizontal Air Curtains Utaus
RerfunsiBeuiieudsyansam nstantinmadnysegieadulagligunsalitueinia
LUIRILAZUNIUDY (ACD) fiRndanngly nieuen vievsassdnuresusey Tasnswau
wuudrasadisfuauiiediassnszuaaniuliuiiinainitueinia feanismsunmuiEad
WangaNvoIlssanTazdwaliAnnsUaningean nadwsiBefuaniildainnissiaomuin
Juldlduazaenndesiunisfinnunisnisninvesusingnisainiswianudou vsuenia
mnideiisvasiuuitasadeiatarililunsdnuinaziitueiniaiia szansamnisly

WA LRAZNSAIUAN UM TINTRLEY

AlszNeU 9 aunlgamgilusBuI LAY Z = 2.9m tnefliueinmafnadluioudy

[vj = 5m/s, t = 120s;HP=2m, AT = 25°C, bj = 10cm,aj= 0°] [12]

Tang Weigiang, Wang Fei, Nie Shitao, He Jiazhou [13] MN15ANYIEes The
Intelligent Control of Temperature for Packaging Production Systems of Heat Shrink
Film thiausiierfuiBnsmuaugumgiinsvadsennuieulussuunsndnussqsias

LY

a8 19gyRan sruuianuwiugigs anunsadilygmndnussadunnainaueuaviwedala
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1nTu Wngldinallan13AIUANLUY Fuzzy iaUSUUTIAMAINYBIUTIY NN UNAGIE
ANSou sty 4 eg1elilussuu 1. nsvawenalaundu 2. n15TnUszdnsann

3. nsUFulAgumsiiwesmugu 4. NMsUTudsungnisaiuay dewalinainsuaues

[
Y a

AUU antoRANAALLANTIZAIAI LAEINUAN TNANSNAMIYBNTIENTAMIEAILTDU

Tempermure(c )

T T T T 1
0 1000 2000 3000 4000 S000 6000

Time(s)

a

AMUsENOU 10 WWUlAINIIABUANRINISAIUANR A [13]

Elham Alipourtarzanagh, Alfonso Chinnici, Graham J. Nathan, Bassam B. Dally
[14] n1sAnuISes Experimental Insights into the Mechanism of Heat Losses from a
Cylindrical Solar Cavity Receiver Equipped with an Air Curtain Yauaiiedfunis
ATIAdeUUTEAENaveuiueINAlUN1TANN1Tga deANTEUINANTINANTE LN
Inssnsenszuenilvimnufeudwihnuinudesuazamdesesi gumgivesaionihniuiou
gnmuaulaglifaruautleundu wudinsgandoanuieuannisniamieusniianain
frsutesmsnszvonfetumionuianglududmestesiunnnsd Ssnseunquitssyuy
AsHIALTPURNsITIMALATLU LTI NTfiASvesiue N AN Taan

nsgandeniuiaulauints 60 wWesiius
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Uge =0m/s Uge = 4.5m/s Uge =9 m/s Uge =18 m/s
@ s e (b) (©) (d
Convective losses (W) o D W 4w D
. 2w o
g s D
ww -
0 100 200 300 400 Il
=S - :
o - YN S L
o~

wW

aw .
““E““ 0= 697 W 0,=794 W 0,=903 W
- X (2)
mw ? ras. - % = oW
0w w

0w
aw
0=811W o
I V-
Temperature (°C) E=S 165W =1

W

= / YW 550 W

0 100 200 300 Q=748 W 0=662 W Q=550 W

AmUszneu 11 m'sﬂszmsuwﬁuﬁwmmsgzgLﬁ&Jmm%aumﬂmiwwmm%fau (W)TASale
uavgavnfivesenalussuusfunasdmiuvyavesiouly danseunquyn
YosyunTUdDEUAUANFNIIY 2 90 (0 93 WAZ30 B3AN) WALAINITIT
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b4 (% 6

(1.1) AMUNINNVDIUIRNAIUTIE NAUTUUTTAN IR = A mm

q L]

(1.2) ANUNINYBIMTANAUUY TEUVLIUTIYT IR = B mm

(Y

(1.3) ANUNINBMTEIAUEN TauiNUTIRinafes > C mm
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(2) Wéudlildunsgiu

13 v U L

(2.1) ANUNIVBIMTIAAUT TALUTITI < A mm

(2.2) ANUNINVOIMTANAIUUY TeNVIUTT T < B mm

(2.3) AUNTIVRINTANEIUEN Heduviiussgsiamt < C mm
YA TTIANINYRUART st ANA gL ls I U I0E1e

fvuafiednduussgiueilinnunasgiuguamaunmwanyed

>A mm
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3.2.1.3 vihmsingungiinmiueunlilunisvevuildulunesiuiduvaiuy
glu9AnI1438Y (Heat Tunnel Shrink Wrapping) lageid8azsian singamgiainiunsay

91U 15 A9 WTURNTULUUNDTUAINRITIE 3
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3.3.1.3 MTIATIRVANYUEToUNNTBIUATNANTENY

NNMTAIRTIERBLRURITsUA AL Why - Why Analysis Wilevaniguesns
Aadymussefusidliiumasgiunamn miunmanwaludnhunihn e seidnvoy
founmseauazranseny (FMEA) uwiimsysediuanimniisinnandululsidmanssnusio
mmﬂmﬂﬂaﬁLﬁm%ui"mﬁ’uszﬁuﬁmﬁ%muﬂmiq WINTLHUNY199 80U 59 INT NN
Usgiugainin 913 ez foRnu Taeduamiaaudlandninasinisdssifiussduaiy
JULSIVOIHANTINY WaTaINITOAUINIAIYDIAIavinansisseiiuaudes (Risk Priority
Nurnber ; RPN) T¥fogluannisssil

Risk Priority Number; RPN = S x O x D

S = FLAUANUTULIIVDINANTENUVBITDUNNTBA (Severity)

0 = prwivesmaAntiymiazdnunrdeunnses (Occurrence)

D = ANUANNNTINIIAIUANKALATINTUYBUNNTD (Detection)

A15149 4 A9 NsUSELIUINEMANTEAUAINULEES (RPN)

Y

Function Potential Potential 0 Potential g Current o |3
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3.3.2 gunsalnlelumside deseaziBunseluil
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dl v a6 13 L Y a
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9ONYBAATOINUNEUNALUUGILIARIINTOU Uar SN UL UDINGN T
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Aoruilaa uaransanuauseuliu 200 swwalea esanninsesnuildunauuld

AnuTeulun Y lilauvaiuREn 060
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ATIUTAUARUURLIaAALSou (Heat Tunnel Shrink Wrapping)
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NANUTENDU 34 NAWNUNIN Why - Why Analysis ﬁwmﬁlmwﬁﬂzgmﬁaa
fsuaniiAuenunmsg i tnedvdodimm 3 anngie msnvieauliimilouturiaestleil
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4.2.3 NMTIATIEIAN UL TBUNNIOUASHANTENY

Na991NN191AT1ER Uy nIagLNuEIN19Ua e Why - Why Analysis vinlile
aunfisnAuUszfiuudIdduidwansud o ussueidliiunnsgunun ey
amdnuel Mniuuyhmsiengidnumusdeunnsouazuansenu (FMEA) Tassuiy
AIAZUUUITAUAIIUTURSIVDITN YL TBUNNTOWNY 9

HaaFUNTITUsTIIUNITIATIENa N o UNNIDILAEHANNTENUYDINITLAA
ussadasliinuanasgiuauamimunmdneal fawessziunsidss (Risk Priority

Number) #9§11579 5
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(Heat Tunnel Shrink Wrapping)
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YANIINAABD o

: lifiannnu (esrraldos)
afadt 1 140.04
s 2 142.26
adadt 3 146.92
s 4 149.60
adadt 5 146.10
adail 6 155.22
ase 7 155.27
afail 8 155.87
asail 9 155.33
afadt 10 156.44
adedi 11 154.64
aded 12 144.38
afadt 13 137.65
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M5 6 NadufinuazAAATELUNINASTIUNTIngMHnauRnRIN (AB)

aauuiinngluiaTasuuy
YANITNARDY -z -
ldfiannu (aerwaLdied)
AN 14 146.74
ASIN 15 137.63
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A MUTENBY 35 N31MuanIN1INsELfIvasgungldnsun suaiulaunelunIo sy

HaumawuvglusAnuSounuulilianniu

31nN13IAN1snIznedivetaungiuuuladainiu druewialegldaunisen
Wgauuu1nsgIU (Standard Deviation) lagwudnfiA1lgauuuinsgiu (Standard

Deviation) ¥aswuulifianniy windu 6.91
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YANIINAA DI v o

’ ARRIRINNY (DeALTaLTE)
adait 1 163.87
adadt 2 164.30
a%ait 3 163.49
adadl 4 152.96
adadt 5 160.82
adait 6 160.60
adait 7 166.26
afait 8 166.50
adadt 9 165.58
adait 10 155.08
adait 11 158.80
afait 12 160.89
afadl 13 158.63
asail 14 160.46
asadl 15 161.35
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AWUsENOU 36 NIINLAAINIINTEALFIVsgUNYTd mTuNMsuauT dauneluATaiy

HdunakUUglIAAINNSOUKULFARAIRINAY

1ANTIANTINTLANEAMIVBIRUNYTLUUAARRINAY YianAulagldaunisen
WeauuuInsgIu (Standard Deviation) lagwudnda1lgauuuinsgiu (Standard

Deviation) Y04UUAARIRINAY Wiy 3.91
4.5 WIBUHBUNaYaaunNINaULATASAARIAINAY
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YANIINAA D o o o

’ Lifiannu (asrwalded) | Annsainnu (aerwaided)
afadt 1 140,04 163.87
adait 2 142.26 164.30
afadt 3 146.92 163.49
afait 4 149.60 152.96
aded 5 146.10 160.82
aded 6 155.22 160.60
adadt 7 155.27 166.26
aded 8 155.87 166.50
afadt 9 155.33 165.58
aded 10 156.44 155.08
adait 11 154.64 158.80
adait 12 144.38 160.89
aded 13 137.65 158.63
adait 14 146.74 160.46
adadt 15 137,63 161.35
Wa39d ( Sum Total) 2224.09 2419.59
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M54 9 WiguiguRaNSAWINALRRELALE U TELULNINTT LTI DULAL A

1% (%
a o [y

ANENRINNU

YANITNABDY Anafsgumnll (Average) | ddsauuninsgiu
(Standard deviation)

DunNINYlUATBIUY

9 Y

Taiflannu (esrastea) 148.27 6.91

gaunilneluasasiuy

laiflanniu (eernwaLdea) 161.31 3.91
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IdaunisAtesuun1nsgiu (Standard Deviation) lagnudndiAlgduuiInsgiu
(Standard Deviation) ¥askuulidfiainiuwinfu 6.91 Andesuuninsgiu (Standard

Deviation) Y04WUUAAAIRINAUMNAU 3.91 wansliiiudn andudusnysndanaliiin
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ANulgauLYeInNIsnIEatgiamngiaiglunIasiuildunauuuglusdaiiusou (Heat

Tunnel Shrink Wrapping)
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Adglavinismeanvnuazrislesiugamgililiramdignelunagdesivgaumalionem
ponINLATBINUTIAIALUUELINARIINSOU (Heat Tunnel Shrink Wrapping) lna@nwinis
VAR ABINUNITAARIRINAL WU NEUARARINAUEUSNIUTTY A AkINILNIR g1 UAY

[ L3 1 5 (4 % a & & ! a a ! Y v ¢
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