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SASITHORN PAYAKTHONG : STEAM CONSUMPTION ANALYSIS OF
DIRECT STEAM RETORT IN STERILIZATION PROCESS FOR ENERGY

SAVING. THESIS ADVISOR : TEERACHART PORNPIBUL, PhD., 134

PP,

STERILIZATION/VENTING/STEAM CONSUMPTION

This study’s objective was to propose methods for analyzing and calculating
steam consumption by retort; since steam consumption could not be measured due to
the release of some steam during the process. Thus, it was necessary to produce more
steam than necessary during the production process. This study created thermodynamic
models and used successive substitution to reproduce retort behaviors. The independent
variables of the analysis include internal temperatures of retort, steam quantity, and dry
air quantity.

When comparing the study results with those of the case study’s actual
measurements, it was discovered that the model’s temperature values had inclined in
the same direction -as those of actual measurements during the sterilization period,
which was an indicator that the model was close to the actual sterilizer in terms of
accuracy. From the case study, it was found that the highest quantity of steam was used
during the venting phase, which was 98.47 kilograms, and the quantity of steam
consumption throughout the process was 216.71 kilograms. When operating the retort
with the data obtained while considering the quantity of the retort’s steam consumption
for actual production, it was discovered that daily steam production can be reduced by

873.28 kilograms. When calculated in terms of fuel costs (C-grade fuel oils), costs of



724.71 baht could be saved daily. Thus, being aware of the quantity of steam
consumption during the process of sterilization via this study’s proposed analysis

method will be important in managing sterilizers to conserve energy.
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B9 sTEzM Wina'lethld sas1 10119
ATEUIUNT Au) (kg) (kg/h)
Venting [ 540 98.470 656.467
Venting II 180 28.594 571.888
Venting 111 120 10.798 323.943
Sterilization 1500 78.853 189.246
Total 2340 216.715 -
Avg. - - 333.408

Ratio of Steam Consumption in Sterilization Process
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0.9 1.78 | 1.80 | 1.83 1.85 1.87 1.89 | 191 1.93 1.95 1.96
1 1.99 | 202 | 2.04 | 206 | 2.08 | 2.10 | 2.12 | 2.14 | 2.16 | 2.18
K,
1.00 0.95 0.90 0.85 0.80
K, Percentage Error of Temperature between Modelling and Measurement
0.10 0.136 0.124 0.164 0.105 0.189
0.15 0.159 0.073 0.191 0.206 0.221
0.20 0.346 0.275 0.372 0.306 0.396
0.25 0.360 0.375 0.390 0.405 0.419
0.30 0.554 0.475 0.579 0.504 0.603
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a d v Z d LY
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A13197 ¥.1 MINeATIM3 19 lo1i1ves APV1700L

M3110031M3 1% lo1iued APV 1700 L Tuvazwianes 15§11n32@eu (Flow=1900 L/h.)

3 _ | damimana | 8asImsine
s 4| USwas 1l ANWAY QMUY
AIIN . Condensate Condensate
(L) (s) (Bar g) (0)
(kg/s) (kg/h.)
1 2.0 28.65 N/A 98.0 0.070 252.0
2 2.0 26.28 N/A 98.0 0.076 273.6
3 2.0 24.69 N/A 98.0 0.081 291.6
4 2.0 25.47 N/A 98.0 0.079 284.4
5 2.0 26.44 N/A 98.0 0.076 273.6
6 2.0 25.25 N/A 98.0 0.079 284.4
7 2.0 21.40 N/A 98.0 0.093 334.8
8 2.0 23.82 N/A 98.0 0.084 302.4
9 2.0 24.07 N/A 98.0 0.083 298.8
10 2.0 25.28 N/A 98.0 0.079 284.4
1nag 288.0

M3110031M3 1% 10119 APV 1700 L Tuwaiz wiaiaos 154 Benecol (Flow=1670 L/h.)

| _ | da:imsina | 99351MIina
¥ SIEETRCE 1391 AIUAU UNNN
ATIN . Condensate Condensate
(L) (s) (Bar g) €®)
(kg/s) (kg/h.)
1 2.0 39.81 N/A 110.0 0.050 180.0
2 2.0 40.50 N/A 110.0 0.049 176.4
3 2.0 40.44 N/A 110.0 0.049 176.4
4 2.0 3891 N/A 110.0 0.051 183.6
5 2.0 39.22 N/A 110.0 0.051 183.6
6 2.0 39.54 N/A 110.0 0.051 183.6
7 2.0 41.00 N/A 110.0 0.049 176.4
8 2.0 40.56 N/A 110.0 0.049 176.4




o Uy 3 P A \
ﬂ13ﬁ1@@]31ﬂ1316]5h19u15l19\‘1 APV 1700 L Gluﬂlﬂlgw1ﬁlﬂﬂ§uliﬁ Benecol (Flow=1670 L/h.) (99)

3 _ | dasimsina | 9a51MIiAa
y 4 | UYswnes nan ANUAU gUNQN
AIIN . Condensate Condensate
(L) (s) (Bar g) (0
(kg/s) (kg/h.)
9 2.0 37.72 N/A 110.0 0.053 190.8
10 2.0 40.75 N/A 110.0 0.049 176.4
nag 180.4
MIMIBa31M 3 1% 91w APV 1700 L Tuvaed1ansed (Flow=5600 L/h.)
5 _ | da;imsina | 9a31MINe
s o | swmas nan ANUAY gaUNYIl
AIIN . Condensate Condensate
(L) (s) (Bar g) (°C)
(kg/s) (kg/h.)
1 2.0 10.48 N/A 110.0 0.191 687.6
2 2.0 10.40 N/A 110.0 0.192 691.2
3 2.0 9.97 N/A 110.0 0.201 723.6
4 2.0 9.25 N/A 110.0 0.216 777.6
5 2.0 10.19 N/A 110.0 0.196 705.6
6 2.0 10.22 N/A 110.0 0.196 705.6
7 2.0 10.58 N/A 110.0 0.189 680.4
8 2.0 9.93 N/A 110.0 0.201 723.6
9 2.0 9.88 N/A 110.0 0.205 738.0
10 2.0 9.41 N/A 110.0 0.213 766.8
g 720.0




A o Uy 3 v 3y v +
ATT NN V.2 fn31’?']El@]'i'lﬂTiGl,G]Shlf)uVUf]\‘lﬂﬂu'lﬁ@uﬁNﬂﬁgﬂﬂ\‘]

o Uy 3 v ¥y Y + 2
ﬂ13“ri'1@ﬂ31ﬂ131‘51@u1m@@ﬂ@u13@uﬁ1\1ﬂ§$ﬂ@\1€luﬂlﬂ!&wu@ﬂ!ﬁﬂﬂ

a

U

9ATINMSINA | 9ATINSINA
s 5 | Y3wnas na ANUAY | NN
AIIN Condensate Condensate
(L) (s) (Bar g) (0
(kg/s) (kg/h.)
1 1.0 20.38 0.7 29.1 0.0491 176.8
2 1.0 19.50 0.7 N/A 0.0513 184.7
3 1.0 20.00 0.7 N/A 0.0500 180.0
4 1.0 21.18 0.84 79.0 0.0472 169.9
g 177.8
mamsasns 1 lehwessuhioudnsslledluvas fnugungi
ATINT 9NIINT
y o | USwag A ANUAU | QU] (e (e
AFIN
) (s) (Bar g) (°C) Condensate Condensate
(kg/s) (kg/h.)
1 1.0 99.66 AAND 3.2-3.5 90.0 0.0100 36.0
2 1.0 4928 | AAAD3.2-3.5 | 90.0 0.0200 72.0
3 1.0 108.06 AAND 3.2-3.5 90.0 0.0090 324
4 1.0 5991 | ¢iaA0 3.2-3.5 | 90.0 0.0170 61.2
5 1.0 135.78 | Q9619 3.2-3.5 | 90.0 0.0070 25.2
6 1.0 148.97 AnAe 3.2-3.5 90.0 0.0070 25.2
7 1.0 4422 | AAaD 3.2-3.5 | 90.0 0.0230 82.8
8 1.0 174.66 AnAe 3.2-3.5 90.0 0.0060 21.6
9 1.0 50.57 | 90A03.2-3.5 | 90.0 0.0200 72.0
10 1.0 90.94 AnAe 3.2-3.5 90.0 0.0110 39.6
nag 46.8




A o Uy 3 v ¥y Yy v
AT NN V.3 fn'51’?1?]@]i']ﬂTiGl,G]fhlf)uVU’E]\‘]ﬂQuﬁ@uﬁN‘ﬂfJ\ﬁJﬁTQ

Y 4 1
MI110ATINS 19 lorhvesdaihioudndesus sy luvuzmugugil

3 _ | dasmsia | 9asinanae
s 4 133105 nal | ANUAY | QUYL
ATIN . Condensate Condensate
(L) (s) (Bar g) (O
(kg/s) (kg/h.)
1 0.5 7.00 1.0 94.8 0.0710 255.6
2 0.5 7.42 1.0 N/A 0.0670 241.2
3 0.5 6.44 1.0 N/A 0.0780 280.8
4 0.5 7.28 1.0 N/A 0.0690 248.4
5 0.5 6.77 1.2 94.8 0.0740 266.4
6 0.5 7.53 1.2 N/A 0.0660 237.6
7 0.5 7.54 1.2 N/A 0.0660 237.6
8 0.5 7.10 1.2 N/A 0.0700 252.0
9 0.5 7.84 1.4 N/A 0.0640 230.4
10 0.5 8.03 1.4 N/A 0.0620 2232
nae 2473
MI1H1OATINS 19 oot ioudndesus sy luvue Snugungil
’ _ | 8a:amana | 8psimana
y o | P5nas nan ANUAY QUi
ATIN . Condensate Condensate
(L) (s) (Bar g) (O
(kg/s) (kg/h.)
1 1.0 160.25 ﬁﬂﬁ'@ 1.0-7.0 N/A 0.0060 21.6
2 3.8 80.00 ﬁﬂﬁ'@ 1.0-7.0 N/A 0.0480 172.8
3 5.8 548.59 ﬁﬂﬁ'@ 1.0-7.0 N/A 0.0110 39.6
4 2.0 339.21 ﬁﬂﬁiﬂ 1.0-7.0 N/A 0.0060 21.6
5 4.0 552.97 ﬁﬂﬁ'@ 1.0-7.0 N/A 0.0070 25.2
nae 56.2




A o Uy 3 v 3y ) ) 3
AT NN V.4 fn31’?TE]@]i']ﬂWiGl,G]Shlf)uVU’E]\‘]ﬂQuﬁ@uellN“I”iﬂJfJul'fJL!'l

a

o Uy 3 v ¥y ) ) 3 A
ﬂ1ﬁ‘ﬁ'Ta@1i1ﬂﬁ“l“v”l’e)uwmmmﬁamnwua”lauﬂummmwuqmwﬂu

U

3 _ | daimana | 9as1msine
y o | amnas nal ANUAY QNI
ATIN . Condensate Condensate
(L) (s) (Bar g) (O
(kg/s) (kg/h.)
1 0.5 62.19 109D 2.5-2.7 94.8 0.0080 28.8
2 0.5 47.41 wﬂ@i@ 2.5-2.7 N/A 0.0105 37.8
3 0.5 53.00 wﬂ@]’@ 2.5-2.7 N/A 0.0094 33.8
4 0.5 47.94 wﬂ@]’@ 2.5-2.7 N/A 0.0104 37.4
5 0.5 47.87 wﬂ@]’@ 2.5-2.7 94.8 0.0109 39.2
6 0.5 65.12 ﬁﬂ@i@ 2.5-2.7 N/A 0.0077 27.7
7 0.5 45.94 @Tﬂ@i@ 2.5-2.7 N/A 0.0109 39.2
8 0.5 56.00 ﬁﬂ@i@ 2.5-2.7 N/A 0.0089 32.0
1nag 34.5

Y

(% 9 %’ o o Y 9 Y %’ @ a
mimamwmiclév”lauwmmmiaumwna%uﬂummziﬂmqmwgu
y _ | ®asimana | 8a51MIna
y 4| USwasg nal ANMUAY MUY
AIIN A Condensate Condensate
(L) (s) (Bar g) qO)
(kg/s) (kg/h.)
1 0.5 85.31 AAND 2.5-2.9 93.4 0.0059 21.2
2 0.5 7129 | #AR©2.5-2.9 93.5 0.0070 25.2
3 0.5 76.97 @Tﬂ@i@ 2.5-29 93.6 0.0065 23.4
4 0.5 71.00 @Tﬂ@i@ 2.5-2.7 93.7 0.0070 25.2
5 0.5 87.63 @Tﬂ@i@ 2.5-2.7 93.9 0.0057 20.5
6 0.5 69.97 @Tﬂ@i@ 2.5-2.7 94.0 0.0071 25.6
7 0.5 75.46 @Tﬂ@i@ 2.5-2.7 94.1 0.0066 23.8
8 0.5 68.28 @Tﬂ@i@ 2.5-2.7 94.2 0.0079 28.4
nae 242
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v 3y ) 9 2 ] v N v
mi@umﬂmmi@umwua”lau1ﬂ$1%1uﬂ1imqqﬂﬂimmm ﬂ']EJiu‘HfNWﬁiJﬁ']ﬁ
Yy v 9 v Yy v & ¥ =2 A Y a Va2 oA v
NN 1N NA wmmmawmﬂuwa"lu i'JiJul“lJﬂ\‘lﬂﬂﬁNGluU'i!'JmclﬂmﬂEN G]NllﬂWﬁsl“INWu

' = A o ' v o Y dqu A O 9 A ' Y =
’e‘)Em"lmgﬂuuumnam"lnmmmmJmmumm%ﬂu‘Hiaﬁvﬂmmﬂ“mmmmuau% QN
A Y I 1 Y o ~ 1 A o a [ 4 R AW 9 g
a’eﬂmﬂumumiaNauumguwaguaﬂmuamﬂmwammwmu G]i\ill’é]@]iWﬂ1§Gl‘]5ll’E)u1
1321181 400-600 kg/ U

° ﬂﬁ‘l’i"lgﬁﬁﬂ”lﬁ‘l‘ffnlﬂﬂ”lsllﬂﬂ APV 4000L

E4 9
v v o o

aouauianf 1dv1ninTo9 APV 4000L 9z gniiinaudaiinewd1wiie o
3’, (P2 [ 2 o 3’1 (Y] Y 9)%' =2
(Feed Water Tank) N4%13@ 1ag liiin151aoenaneuauan 9115110051013 1% 181194
1 YA o = P d dy A A = I 1 A
Tuensalisnmsaiaialsuas 14 M1ailineq APV 4000L danTvuiailu 2 miveanseg
& Y Aq 9 o P ~ A A w
APV 1700L &aw7a lorii I lumswianes lsdues APV 1700L figuwigil 98 °C nazlions
a [ 4 1 1 @ [ 3’, 4
M3 IMAVBINAA T UNTZHI19ATLUIUMTUTENID 2,000 L/h 92NN 288.0 ke/h AAHUIATOY
Y g 4 P A A o
APV 4000L vz 19u2a leri luniswidines lsdafiguugil 98 °C naziionsinis inavos
a [ 4 U L%
HANA MM TZHINNTZUINNTUTLIN 4,000 L/h 910D 288.0 x 2 = 576.0 ke/h
TuaIuYINITA1UATE APV 4000L 9219931013 IHanmidufunTes APV 17001
v 4 A o 4
Ao 15218 5,500-6,000 L/h NA1IAD 1ATBI APV 1700L t1ag APV 4000L 92180351013 19 1911
ANSUNTLVIUMIA AN 720.0 ke/h
d' =3 d' Y [ =Y = d‘ 1 d’
iHe1nlSuasildannmsalainlSuasaensuaaninlasseenuinininses
A A o ' ) =< A Y a ' A
APV4000L Nianwauntsluganinanuaunssermadelllerinnalni w5o Flash Steam
a £ v 2 A3 A 1 A ] o YR Y A 7 a E) 22
navusegaaulntudnaiun liausanieialavsadesdinszvisua lethauiimy
Ta/de

A2 Flash Steam U049 APV 4000L 1518 10150%180351015199 Flash Steam 14910

a ¢ A go’ 1 dal A A 9y [ %’ aa
ﬂTﬁ’JlﬂiwWLHfNi]1ﬂUlfJ‘Lﬂﬁ’Juuﬂ$Nﬂiu1mﬂ31hi@uum (Latent Heat) qammu"lemﬂﬂw

[ 9
ﬂ’NNﬂu“ﬁgﬂﬂafJﬁlfJﬂﬂiﬂ A4UY Flash Steam 9 UAUNINL

_ h f@p, h f@p,
fs

fg@P,

604.66 —419.06

st -

2256.5



x,, = 0.082

A kg, flash m, m, v ¥ A
1o x, = = = 31U 13191015911 Flash Steam 130
kghot water m . m,+ m,
m 1@an
g
_ 0.082(576.0)
h, = ————— kgh
(1—0.082)

rhg = 5145 kgh
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[ Y

¥ A Iq Y a0 1T W Ay Y o a
muuma”laumqﬂmm“lwmmmmu llUﬁﬂﬂulﬂulﬁﬂﬂqﬂ%WﬂWiﬁ’N’Jﬂ“lJ'ﬂJW]'ﬁ
59UAY Flash Steam 118910530512 1HLHAWNINY  621.45 ke/h
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‘i’JiJﬂ\‘]Qﬂﬂ‘im@u“] NM1n15029991)581959 1 UA© AT 1L Flash Steam 5IUAY
A S T =K A a ] [ 9
!u@ﬂﬂ1ﬂnﬂ@ﬂﬂimﬂhﬂ1iﬂﬁ@ﬂﬂE)ulﬂulﬁ‘ﬂ%ﬂilﬂTilﬂﬂ Flash Steam LlﬁgqhﬁWNWiﬂﬁ’N’Jﬂqﬂ
v 2 A 1 ° A YAy Y (= Y dy o < 9 Aa
ﬂﬁuulW@ﬂ’NﬁJLLﬂJu‘(’JHLﬁZ!ﬁW@1Wﬂ1ﬂ1ﬂ%1ﬂﬂ1i@]i’m’Jﬂllﬂ’NNQﬂﬁfNiﬂﬂ"UH%H‘]JHG]’ENW%WiﬂH
Y '
aauiiiin
o Uy 3 Y
° ﬂﬁﬁW@@liTﬂﬁﬁl%hlﬂlﬂsUfN‘ViiJf]ﬁll
Ay v Y 9 o bl o B X ) 9 1
ﬂaumumwﬂﬂmﬂﬁmﬂngﬂmﬂaumum@ummm%m (Feed Water Tank)
g‘; = 1 2 [ gﬂ @ El 9/%’ = ' I
“VI\‘]“H?J@I@EI%J?JﬂWiﬂﬁﬂﬂﬂﬂﬂﬂumut’d‘ﬂ muumimamwmﬂﬂamm"lnﬁm139%3%13
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= v 2 Y v A A 9 3
AMNNITANHINITAUUIUDINUDAN 1 wummigﬂizmm S00 L 1S UAUUINOUKD
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Jacket 1

H,0
V=5000 L~ 500 kg
T1=58.0°C
T,=922°C

u; =u@T; , w2 =up@T>

t =16.5 min
4 Qs

A A Yy ¥ A a Y
E‘IJVI 2.1 N’au”léuslummnmmamqmwgmmﬁmmu 1

Q —wW =AU [K]

unua adluaums a2'ld

(500 kg)(385.9 —242.75 kl/kg)

-
2]
Il

16.5%60 s

Q=723 kW



Yo v ~q Y Y 3 ad g9 = a Yy Ay
"lﬂ’emimmm@uﬂﬂumimm1%]mqmﬂguﬁmuﬂumqmwguqv’nmwﬁmmi

A

molunat 16.5 Wil veandfedn 1Ny 72.3 kW (llearsan lilinsgadeanuioug

o o H Y 9 v o A
UTTYINIF) llagﬁ']ll13'0ﬂ']u'gmcﬁ']’f]ﬁ'i'lﬂ']'iﬁl%mlﬂu'lell@\i‘?fn@@]u 1 Vlﬂ PNU

Sat.Vapor
O —
Qs=72.3 kW
2( Steam:
P=15barg

@ ] _

Sat.Liquid =250 kPa

P,=100 kPa

A o o 3 Y
31U v.2 mywidasims e lohwesndodn
—Qg =mg(h, = h)
Qg :mS(hg@250kPa _hf@IOOkPa)
723 kW = rhs (2716.9 —417.46 kl/kg)
thy =00314 kg
g =1132  ke/h
Y 1 o A 1w ¥ {
laoasins1dletnvesndodn 1 Tugreihguvgliminy 113.2 kg/h Fanfedy 2 7l
[ Yy 9 ?X’J =% %‘ dl 1 W 1 %
anugnungdoan 11y azlidasims 19 Tehfminy 113.2 kg/h wuny
a d o 9) 901 1 [ a 3’_, A an o
TumsAmsizronsinis 14 led lugensnuiguuginu ezl msduinly

a %’ { 4 1Y a
ueuerny Ansannnuainme llnnszuuluvazduiesnugungil Yszunm 20 L

1 = d'dy U %,‘ ' o
Tuganan 50 wii Tunildanuaulumsdui w1y 0.6 bar g (160 kPa)



mgys= 500 kg mgys= 480 kg
Vi=500L : V,=480L

. AVgy=20L .
T1=95.0"°C T,=98.0°C
At= 50 min
u; = u@T, u =u@T,

2

= A Y A o a3 Y v
317 v.3 Goulvlumsduiesnuiganginh lundedy

v

v ? A o Y dy
@@]in@QN?ﬂuTﬂWTﬂ]lﬂﬁnﬂig‘]_l‘]_lﬁ"mﬁliﬂﬂwujmllﬂ AN

Am

Ih—_

out At

_ 500 — 480 kg
mout C

=0.0067 kg/s
50%60 s

awsamuiusasms ldnasaulumsduiosnigungilden

m u,-m u
sysl "1 sys2 "2
h +

Qs =m0z 100kpa A
t

Qg =(0.0067 kg/s)(2675.5 k/kg) +

(480 kg)(410.5 kJ/kg) — (500 kg)(397.88 ki/kg)

50%60 s

Qg =173 kW



Yo Y Aq Yy P A o a A A o
lagasimnuiounldlumsduiniesnuguungiinielunal 50 wiHi Annuau 160
kPa 1M1 17.3 kW (illedrsaan lafinsgaidenuiougusse1nia) uagdinisn
Y 1 Y
MMy lerhvesndedn 1 laaie35ms luuuamadedny 1&miny 0.0079 ke's
W30 28.4 kg/h
A Y ¥ oad o a o a A g a v
1109910 WHoAVTNIFIgUUYTNAz TSN IgUUYN 1HpADINITHIITUINTT 19
E4 =) g’/ 1 =) % 1 4
Tovilu 1 . azdesfnsauna 2 ¥ lasansafinsan lansse 11/l
o ¥ Y o gy 2 1o a . .
oa31ms 19 lorhvesndody = (@n51n3 19 lerigrihgungil (kg/h))(16min/60min) (1h) +
y ] (%3 =
(©n31mM3 19 1011995 nu1gaIngil (kg/h))(44min/60min) (1h)
o Y 901 [ 9; 9 Y [
e M3MI8AINS ¥ lervesnaiieunseana
Ay v v ¥y Y o o v o ¥ Yy 9 3
aowawani ldninauhdounifeana azgmihnaunninewdiniie T (Feed Water Tank)
ke 1 1 2 v I @ Y ﬂl?:' =2 1 Yo
narualag lifinsdaseninewaan asiumsmeasns 1y 18139 liaunsal$isms
[ ] [ . a d o %’ [
avialsuas ldsuny Seansoinsgioasimily lev ldninmsauaandinu
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gauigil 50.0 °C laudeguinigil 98.0 °C melunal 15 wi vzawnsomuimmmasunly

Y
Y

=3 [ [ a d o %’ [
Tumsdulaae35@enurumsinIz1ioni1ns 14 lovveanody ail

H,0
V=2,000L=2,000kg }
T, =50.0 °C i
T,=980°C |

up =u@T; , up = u@T,

3y

= A Y g A [ a v 9 v
g‘IJVI 9.4 Nau”lm“lummummemqmwgmmmmiaumaﬁﬂﬂ



Q —w =AU [K]

(2,000 kg)(418.0 —209.0 kl/kg)
=

15x60 s

Qg =464.4 kW

Yo Yy  Aq v ¥ Ad g = N Yy Ay
vlﬂ’t]@“li1ﬂ’311l361‘!1/]16]5611!ﬂWﬁ@]llu'lﬂ'lﬂQﬂ!mem!ﬂJ@luﬂuﬂﬁqmﬁguq@ﬂWﬂ‘ﬂﬁﬂﬂﬂWi

=1 [} %’ Y Y [% 1 @ d‘ a 1 = =
msﬂunm 15 UIN VBIDIUITDUHUDANA N1ND 72.3 kW (LiJfJWﬁ]Tiﬂ‘lTﬂhliJiJﬂTiQiylﬁﬂﬂ'ﬂll

Y U o o ¥ v 3y 9 o Y v d”
‘if)uq‘]Ji'iEl'lﬂWﬁ) Lgazﬁmﬁamuammam1mﬂ%ﬂlauwmaﬂmmuﬁuaﬁﬂ@"lﬂ JU

Sat.Vapor
O —
Qs=464.4 kW
z Steam:
P=0.8bar g
@ -
Sat.Liquid = 180 kPa
P,=100 kPa

A o v ¥ Y 9
qijﬂ‘i/] U.5 ﬂ1314”Iﬂ@]ﬁﬂﬁl‘lfll’f]uﬁlﬂﬂﬁllﬂﬁil

_Qs =mg(h, = h))



Qg =my (hg@l80kPa - hf@lOOkPa )

464.4 kKW = 1ig(2706.7—417.46 kl/kg)
g =0.203  kes

g =730.8 kgh

[

[ 90’ %:} [ [ o % a d o
laensimsldlerhvesdarihfeundeana miny 730.8 ke/h AMSUMITAATIEH BRI
Y v
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2 89.311 89.996 0.685 0.761
3 98.677 95.806 2.871 2.997
4 102.147 98.608 3.539 3.589
5 102.918 101.190 1.728 1.708
6 103.452 103.600 0.148 0.143
7 104.038 104.686 0.648 0.619
8 104.726 105.484 0.758 0.719
9 105.536 106.100 0.564 0.532
10 106.429 107.780 1.351 1.253
11 107.421 108.980 1.559 1.431
12 108.325 109.576 1.251 1.142
13 117.162 114.196 2.966 2.597
14 119.262 119.010 0.252 0.212
15 119.366 119.000 0.366 0.308
16 119.210 119.000 0.210 0.176
17 119.372 119.000 0.372 0.313
18 119.236 119.000 0.236 0.198
19 119.285 119.000 0.285 0.239
20 119.314 119.000 0.314 0.264
21 119.342 119.000 0.342 0.287
22 119.369 119.000 0.369 0.310
23 119.235 119.000 0.235 0.197
24 119.211 119.000 0.211 0.177
25 119.260 119.000 0.260 0.218
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26 119.289 119.000 0.289 0.243
27 119.338 119.000 0.338 0.284
28 119.366 119.000 0.366 0.308
29 119.210 119.000 0.210 0.176
30 119.372 119.000 0.372 0.313
31 119.236 119.000 0.236 0.198
32 119.285 119.000 0.285 0.239
33 119.314 119.000 0.314 0.264
34 119.342 119.000 0.342 0.287
35 119.369 119.000 0.369 0.310
36 119.235 119.000 0.235 0.197
37 119.211 119.000 0.211 0.177
38 119.260 119.000 0.260 0.218
39 119.289 119.000 0.289 0.243
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M1319N N1 HEAINISIASIAUNIT IFUATOINUFD

FINTEVIUNS
F19981 B 4 B 4 B sas1lothiidesmsld | swou | Piualeth
- 1N9399 1 INT99 2 In399 3 1N9599 4 INI09 5 - o s
(1) (kg/h) NARADIN (kg)
9 Venting I - - - - 656.47 4320 98.470
3 Venting 11 - - - . 571.89 4320 28.594
2 Venting 111 - - - 1 323.94 8640 10.798
9 Sterilization Venting | - - - 845.71 8640 126.857
3 Sterilization Venting 11 - . - 761.13 8640 38.057
2 Sterilization | Venting III - - . 513.19 8640 17.106
9 Sterilization | Sterilization Venting | - - 1034.96 12960 155.244
3 Cooling Sterilization Venting 11 ; = 761.13 12960 38.057
2 Cooling Sterilization Venting III - - 513.19 12960 17.106
9 Cooling Sterilization Sterilization Venting [ 3 1034.96 17280 155.244
3 Cooling Sterilization Sterilization Venting 11 - 950.38 17280 47.519
2 Cooling Cooling Sterilization Venting 111 ¥ 702.44 17280 23.415
9 End Cooling Sterilization Sterilization Venting | 1034.96 21600 155.244
2 End Cooling Sterilization Sterilization Venting 11 950.38 21600 31.679
1 End Cooling Cooling Sterilization Venting 11 761.13 21600 12.686
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137197 .1 HEAINISIASIAUNIT IFUATOINUFD (919)

FINILVIUNS
CRNOLY 4 4 4 B ! saa1lothiideensld DRITEN Siualeth
d n399 1 INT99 2 N394 3 1N399 4 INI09 5 - o s
(W) (kg/h) NAANMUN (kg)
2 End Cooling Cooling Sterilization Venting 111 513.19 21600 17.106
9 Venting [ End Cooling Cooling Sterilization 845.71 25920 126.857
3 Venting 11 End Cooling Cooling Sterilization 761.13 25920 38.057
2 Venting III End Cooling Cooling Sterilization 513.19 25920 17.106
9 Sterilization | Venting I End Cooling Sterilization 1034.96 30240 155.244
2 Sterilization | Venting II End Cooling Sterilization 950.38 30240 31.679
1 Sterilization | Venting II End Cooling Cooling 761.13 30240 12.686
2 Sterilization | Venting III End Cooling Cooling 513.19 30240 17.106
9 Sterilization | Sterilization Venting | End Cooling 1034.96 34560 155.244
2 Sterilization | Sterilization Venting 11 End Cooling 950.38 34560 31.679
1 Cooling Sterilization | Venting II End Cooling 761.13 34560 12.686
2 Cooling Sterilization | Venting III End Cooling 513.19 34560 17.106
9 Cooling Sterilization | Sterilization Venting | End 1034.96 38880 155.244
2 Cooling Sterilization | Sterilization Venting II End 950.38 38880 31.679
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FINTEVIUNS
F19981 B 4 4 B 1 saa1lothiideensld DRITEN W leth
d 1N9399 1 IN9399 2 N394 3 RFRNE IN309 5 - o s
(W) (kg/h) NAANMUN (kg)
1 Cooling Cooling Sterilization Venting 11 End 761.13 38880 12.686
2 Cooling Cooling Sterilization Venting II1 End 513.19 38880 17.106
9 End Cooling Sterilization | Sterilization Venting I 1034.96 43200 155.244
2 End Cooling Sterilization | Sterilization Venting 1 950.38 43200 31.679
1 End Cooling Cooling Sterilization Venting 1 761.13 43200 12.686
2 End Cooling Cooling Sterilization Venting I11 513.19 43200 17.106
9 Venting | End Cooling Sterilization Sterilization 1034.96 47520 155.244
2 Venting II End Cooling Sterilization Sterilization 950.38 47520 31.679
1 Venting II End Cooling Cooling Sterilization 761.13 47520 12.686
2 Venting III End Cooling Cooling Sterilization 513.19 47520 17.106
9 Sterilization | Venting | End Cooling Sterilization 1034.96 51840 155.244
2 Sterilization | Venting II End Cooling Sterilization 950.38 51840 31.679
1 Sterilization | Venting II End Cooling Cooling 761.13 51840 12.686
2 Sterilization | Venting III End Cooling Cooling 513.19 51840 17.106
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FINIEVIUNS
F19981 4 B 4 . 1 sn31lothiideams1d DRITEN Ui leth
- n399 1 IN9399 2 N394 3 1N399 4 IN309 5 - o s
(1) (kg/h) NARNDN (kg)
9 Sterilization | Sterilization Venting [ End Cooling 1034.96 56160 155.244
2 Sterilization | Sterilization Venting 11 End Cooling 950.38 56160 31.679
1 Cooling Sterilization Venting II End Cooling 761.13 56160 12.686
2 Cooling Sterilization | Venting III End Cooling 513.19 56160 17.106
9 Cooling Sterilization | Sterilization Venting [ End 1034.96 60480 155.244
2 Cooling Sterilization | Sterilization Venting 11 End 950.38 60480 31.679
1 Cooling Cooling Sterilization Venting II End 761.13 60480 12.686
2 Cooling Cooling Sterilization Venting III End 513.19 60480 17.106
9 End Cooling Sterilization | Sterilization Venting [ 1034.96 64800 155.244
2 End Cooling Sterilization | Sterilization Venting 11 950.38 64800 31.679
1 End Cooling Cooling Sterilization Venting 1 761.13 64800 12.686
2 End Cooling Cooling Sterilization Venting 111 513.19 64800 17.106
9 Venting | End Cooling Sterilization Sterilization 1034.96 69120 155.244
2 Venting 11 End Cooling Sterilization Sterilization 950.38 69120 31.679
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FINIEVIUNS
SELETOY 4 B 4 . 1 sn31lothiideams1d $11u 5aleth
- n399 1 IN9399 2 N394 3 1N399 4 IN309 5 - o s
(1) (kg/h) NARNDN (kg)
1 Venting 11 End Cooling Cooling Sterilization 761.13 69120 12.686
2 Venting III End Cooling Cooling Sterilization 513.19 69120 17.106
9 Sterilization | Venting I End Cooling Sterilization 1034.96 73440 155.244
2 Sterilization | Venting II End Cooling Sterilization 950.38 73440 31.679
1 Sterilization | Venting II End Cooling Cooling 761.13 73440 12.686
2 Sterilization | Venting III End Cooling Cooling 513.19 73440 17.106
9 Sterilization | Sterilization Venting [ End Cooling 1034.96 77760 155.244
2 Sterilization | Sterilization Venting II End Cooling 950.38 77760 31.679
1 Cooling Sterilization Venting II End Cooling 761.13 77760 12.686
2 Cooling Sterilization | Venting III End Cooling 513.19 77760 17.106
9 Cooling Sterilization | Sterilization Venting | End 1034.96 82080 155.244
2 Cooling Sterilization | Sterilization Venting 11 End 950.38 82080 31.679
1 Cooling Cooling Sterilization Venting 1 End 761.13 82080 12.686
2 Cooling Cooling Sterilization Venting III End 513.19 82080 17.106
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FINIEVIUNS
F19981 4 B 4 . 1 sn31lothiideams1d DRITEN Ui leth
- n399 1 IN9399 2 N394 3 1N399 4 IN309 5 - o s
(1) (kg/h) NARNDN (kg)
9 End Cooling Sterilization | Sterilization Venting | 1034.96 86400 155.244
2 End Cooling Sterilization | Sterilization Venting II 950.38 86400 31.679
1 End Cooling Cooling Sterilization Venting 11 761.13 86400 12.686
2 End Cooling Cooling Sterilization Venting I11 513.19 86400 17.106
9 Venting | End Cooling Sterilization Sterilization 1034.96 90720 155.244
2 Venting 11 End Cooling Sterilization Sterilization 950.38 90720 31.679
1 Venting 11 End Cooling Cooling Sterilization 761.13 90720 12.686
2 Venting III End Cooling Cooling Sterilization 513.19 90720 17.106
9 Sterilization | Venting I End Cooling Sterilization 1034.96 95040 155.244
2 Sterilization | Venting II End Cooling Sterilization 950.38 95040 31.679
1 Sterilization | Venting II End Cooling Cooling 761.13 95040 12.686
2 Sterilization | Venting III End Cooling Cooling 513.19 95040 17.106
9 Sterilization | Sterilization Venting | End Cooling 1034.96 99360 155.244
2 Sterilization | Sterilization Venting 11 End Cooling 950.38 99360 31.679
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137197 .1 HEAINISIASIAUNIT IFUATOINUFD (919)

FINIEVIUNS
F19981 4 B 4 . 1 sn31lothiideams1d DRITEN Ui leth
- n399 1 IN9399 2 N394 3 1N399 4 IN309 5 - o s
(1) (kg/h) NARNDN (kg)
1 Cooling Sterilization Venting II End Cooling 761.13 99360 12.686
2 Cooling Sterilization | Venting III End Cooling 513.19 99360 17.106
9 Cooling Sterilization | Sterilization Venting | End 1034.96 103680 155.244
2 Cooling Sterilization | Sterilization Venting 11 End 950.38 103680 31.679
1 Cooling Cooling Sterilization Venting II End 761.13 103680 12.686
2 Cooling Cooling Sterilization | Venting III End 513.19 103680 17.106
9 End Cooling Sterilization | Sterilization Venting | 1034.96 108000 155.244
2 End Cooling Sterilization | Sterilization Venting 11 950.38 108000 31.679
1 End Cooling Cooling Sterilization Venting 11 761.13 108000 12.686
2 End Cooling Cooling Sterilization Venting III 513.19 108000 17.106
9 Venting | End Cooling Sterilization Sterilization 1034.96 112320 155.244
2 Venting 11 End Cooling Sterilization Sterilization 950.38 112320 31.679
1 Venting 11 End Cooling Cooling Sterilization 761.13 112320 12.686
2 Venting III End Cooling Cooling Sterilization 513.19 112320 17.106
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FINIEVIUNS
F19981 4 B 4 . 1 sn31lothiideams1d DRITEN Ui leth
- n399 1 IN9399 2 N394 3 1N399 4 IN309 5 - o s
(1) (kg/h) NARNDN (kg)
9 Sterilization | Venting I End Cooling Sterilization 1034.96 116640 155.244
2 Sterilization | Venting II End Cooling Sterilization 950.38 116640 31.679
1 Sterilization | Venting II End Cooling Cooling 761.13 116640 12.686
2 Sterilization | Venting III End Cooling Cooling 513.19 116640 17.106
9 Sterilization | Sterilization Venting | End Cooling 1034.96 120960 155.244
2 Sterilization | Sterilization | Venting II End Cooling 950.38 120960 31.679
1 Cooling Sterilization Venting II End Cooling 761.13 120960 12.686
2 Cooling Sterilization | Venting III End Cooling 513.19 120960 17.106
9 Cooling Sterilization | Sterilization Venting [ End 1034.96 125280 155.244
2 Cooling Sterilization | Sterilization Venting II End 950.38 125280 31.679
1 Cooling Cooling Sterilization Venting 11 End 761.13 125280 12.686
2 Cooling Cooling Sterilization | Venting III End 513.19 125280 17.106
9 End Cooling Sterilization | Sterilization Venting | 1034.96 129600 155.244
2 End Cooling Sterilization | Sterilization Venting 11 950.38 129600 31.679
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FINIEVIUNS
F19981 4 B 4 . 1 sn31lothiideams1d DRITEN Ui leth
- n399 1 IN9399 2 N394 3 1N399 4 IN309 5 - o s
(1) (kg/h) NARNDN (kg)
1 End Cooling Cooling Sterilization Venting 11 761.13 129600 12.686
2 End Cooling Cooling Sterilization Venting III 513.19 129600 17.106
9 Venting [ End Cooling Sterilization Sterilization 1034.96 133920 155.244
2 Venting 11 End Cooling Sterilization Sterilization 950.38 133920 31.679
1 Venting 11 End Cooling Cooling Sterilization 761.13 133920 12.686
2 Venting III End Cooling Cooling Sterilization 513.19 133920 17.106
9 Sterilization | Venting I End Cooling Sterilization 1034.96 138240 155.244
2 Sterilization | Venting II End Cooling Sterilization 950.38 138240 31.679
1 Sterilization | Venting II End Cooling Cooling 761.13 138240 12.686
2 Sterilization | Venting III End Cooling Cooling 513.19 138240 17.106
9 Sterilization | Sterilization Venting | End Cooling 1034.96 142560 155.244
2 Sterilization | Sterilization | Venting II End Cooling 950.38 142560 31.679
1 Cooling Sterilization | Venting II End Cooling 761.13 142560 12.686
2 Cooling Sterilization | Venting III End Cooling 513.19 142560 17.106
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FINIEVIUNS
SRNRLY 4 B 4 . 1 sn31lothiideams1d DRITEN Ui leth
- n399 1 IN9399 2 N394 3 1N399 4 IN309 5 - o s
(1) (kg/h) NARNDN (kg)
9 Cooling Sterilization | Sterilization Venting | End 1034.96 146880 155.244
2 Cooling Sterilization | Sterilization Venting II End 950.38 146880 31.679
1 Cooling Cooling Sterilization Venting II End 761.13 146880 12.686
2 Cooling Cooling Sterilization | Venting III End 513.19 146880 17.106
9 End Cooling Sterilization | Sterilization Venting | 1034.96 151200 155.244
2 End Cooling Sterilization | Sterilization Venting 1 950.38 151200 31.679
1 End Cooling Cooling Sterilization Venting 11 761.13 151200 12.686
2 End Cooling Cooling Sterilization Venting I11 513.19 151200 17.106
9 Venting [ End Cooling Sterilization Sterilization 1034.96 155520 155.244
2 Venting 11 End Cooling Sterilization Sterilization 950.38 155520 31.679
1 Venting 11 End Cooling Cooling Sterilization 761.13 155520 12.686
2 Venting III End Cooling Cooling Sterilization 513.19 155520 17.106
9 Sterilization | Venting | End Cooling Sterilization 1034.96 158112 155.244
2 Sterilization | Venting II End Cooling Sterilization 950.38 158112 31.679
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FINIEVIUNS
F19981 4 B 4 . 1 sn31lothiideams1d DRITEN Ui leth
- PN A9 2 N3 3 N304 4 NI 5 - o s
(1) (kg/h) NARNDN (kg)
1 Sterilization | Venting II End Cooling Cooling 761.13 158112 12.686
2 Sterilization | Venting III End Cooling Cooling 513.19 158112 17.106
11 Sterilization | Sterilization End End Cooling 378.49 158112 69.390
11 Cooling Sterilization End End End 189.25 158112 34.695
3 Cooling Sterilization End End End 189.25 158112 9.462
11 Cooling Cooling End End End 0.00 158112 0.000
14 End End End End End 0.00 158112 0.000
wasamSanalerh 7982.783433
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function

Data3=25
30 0
35 0
40 0
45 0
50 0
55 0
60 0
65 0
70 0
15 0
80 0
85 0
90 0
95 0
100
105
110
115
120
125

T=Data3c,
vi=Datal
p=spline(

%T1=55;

end

Specific Volume of Vapor

[vinewlkInterpvi(Ti)

0.001003
001004
001006
001008
001010
001012
001015
001017
001020
001023
001026
001029
001032
001036
001040
0.001043
0.001047
0.001052
0.001056
0.001060
0.0010651;

1y;

or 2);

T,vE);

vinew-ppvalp, Ti);

functio

n[vgnew)

=Interpvg(Ti)

Data3<2
30
3b
40
45
50
o}
60
65
70
o
g0
85
90
895
100
105
110
115
120
125

5 43340
32.879
25.205
19.515
15251
12.026
9.5639
16670
6.1935
5.0396
41291
3.4053
28261
£a3593
1.9808
1.6720
1.4186
1.2094
1.0360
0.89133
0.77012);

T=Data3¢, 1);
vg=-Datalc, 2);
p=spline(T, vg)y;

%T1=10

vgnew=ppval(p, Ti)y;

end
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functio

nhinew]=

Interphf(Ti)

Datald?2
30
35
40
45
50
29
60
65
70
15
80
85
90
95
100
105
110
115
120
125

5 10483
125774
146.64
167.53
188.44
20934
23026
Z221.18
27212
293.07
314.02
335402
356.02
377.04
398.09
41917
440,28
46142
48259
503.81
525.07];

T=Datalt, 1);
hf=Datalc, 2);
p=spline(T, hf);

%T1=60;

hfnew-ppvalep, Ti)

end

Enthalpy cf Vapor

30
35
40
45
50
Cio
60
65
70
pis
80
85
90
95
100
103
110
115
120
125

%11=060;

end

functionhgnew=
Interphg(Ti)
Datal+25 25465

2555.6
2564.6
25735
2582.4
25913
2600.1
2608.8
26175
2626.1
2634.6
2643.0
26514
2659.6
2667.6
26750
26834
26911
26986
27000
211311

T=Datalc, 1);
hg=Datalc, 2);
p=spline(T, ho)y;

hgnew-ppvalw, Ti);
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function(sfnew]=

Interps

Datal-2
30
35
40
45
50
93
60
65
70
15
80
85
50
95
100
105
110
115
120
125

£(T1)

5 0.3672
0.4368
0.5051
05724
0.6386
0.7038
0.7680
0.8313
0.8937
0.9551
1.0158
10756
11346
1.1929
1.2504
1.32072
1.3634
14188
1.4737
15279
1.58161;

T=Datalc, 1);
sf=Datalc, 2);
p=spline(T, sf);

%wT1i=60;

stnew=ppvalp, Ti);

end

Entropy of Vapor

Interps

Datal-2
30
35
10
45
50
LEs
60
65
70
15
80
85
50
95
100
105
110
115
120
75

%Ti=60;

ena

function(sgnew)-

g(Ti)

5 8.5567
8.4520
8.3517
8.2556
8.1633
8.0748
7.9898
7.9082
7.8296
7.7540
7.6812
76111
7.5435
74782
74151
73542
72952
72382
71829
71292
7.07711;

T=Datalg, 1);
sg=Datalg, 2);
p=spline(T, s0);

sgnew=ppval(, Ti);
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Temperature of Vapor
from Internal Energy
(Saturated vapor)

function|TnewrInterpTi)
Data2=[2409.1 25
24159 30
242277 35
24294 40
2436.1 45
24427 50
24493 55
24559 60
24624 65
24689 70
247753 I&
2481.6 80
24878 85
24940 90
2500.1 95
2506.0 100
2aiy4y 105
2 54Nl G
2523V NS
25289 120
25634.3 125);
u=Dataz¢, );
T=Dataz¢, 2);
p-splinew, T);
%ui=2511.3;
Tnew=ppval,ul);
End

Pressure of Vapor
from Temperature

(Saturated vapor)

function|PnewkInterpP(Ti)

Datad<2
30
35
40
45
50
55
60
65
70
e
g0
85
90
95
100
e
110
115
120
i 25

5 316698
42469
26291
7.3851
9.5953
12352
15763
19.947
25043
31202
38.597
47416
57.868
70.183
84.609
10142
120.90
14338
16918
198.67
23223);

T=Datai¢, 1);
Pi=Datad¢, 2);
p-spline(T, Pi);

%Ti=55;

Pnew-ppval(p, Ti);

End
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for k-1.50;

T_12-T _11+0.5;
Pai2-Pail:;

P v2-InterpP(T_i2);

for j-1:25;

v vZ-v vl;

v air2-=v airl;

lpy
/ Alr
h a=1.005+273-T i2);
%Vapor :check state

v_f=Interpvf(T_i2),:
v_g-InterpvqT i2);
v_fqzv_g—v_f e

if v v2>v g
h v2=00011+P v2+19065+T i2#02392«P v2:24983);
elseif v_v2>v_f&&v _vi<v g
x=v_vZ-v_fiv fg;
h_v2-Tnterphf(T_iZyx+*(Interphg(T_i2)Interphf(T_iZy);
else
h_VZ:Interphg(T_i2;;
end
end
P_ti-(PaiZ+P_v2);
Ab humidity-0.622«P vZ(P Ti-P v2);
h_total h_a (Ab_humidity*h_vZ);

for i-1:15;

%shearehing
Cl=01; FCIE I "o bipe
C2-LossK(.v2); wloss coeff ent vent pipe

xl-(s_steam-Interps {(T_i2wInterpsg(T_i2r-InterpsLT_12);
vs=Cl»2000+ths-h_totalm”0.5;
%mass steam 1in
m_sl del_T*A_steam*vs*den_steam;
m_w-m_sl*(lxlyL);
m_s-m_slm w;
% Temperature controll .Coconut juice
if 1 _i2><11385
vs=0;
m s=0;
end
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siconsider at Bleeder Mass and Energy Balan
den_vapor-lwv_v2;
difp«P_ti-P_tain;
if difpP>-0 && k>-720
vb=2000*h total-h airp”05;
else a a
vb=0;
end
wmass out from bleeder

m b (del T*A bleeder*vbprden vapor;

yconsider at Vent pipe:Mass and Energy Balance
1f difP>=0
vo C2%2000%h total-h aimy."0.5;
else a a
vo=0;
end
it k>120

mﬁvout=A7ventfdeliT==vo*den7vapor,:
else

m vout 0;
end

m_vout-A vent+*del Tsvo:den_vapor;
%Dry Alr

m_aout (liv_air2mdel T*A vent*vo);
%Mass balance dry @air

m a2=m alm aout;

%specific volume of dry air

v_alr2n-V_tankm a2;

uwmass balance of vapor
m_vZ2-m_si_voutm b+m vl;
v v2i Vftank:mi\JZ;

scheck

condensate of vapor inside
Vﬁf=Interpvf(T712);
v_g-InterpvgT_i2);
v_fg=v_gwv .f;
sicheck condensate of vapor inside
if k< &40
if v v2i>v g
B mﬁcgndl Q;
elseif v v2i>v f&&v vZidv g
x=(vﬁv21-vﬁf)*vﬁfg;
m_condl-m vZ-(m_vZ+x);
else
m condlm s;
end - B

Nozzle)
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end
m_cond m_condlim w;
else
m_cond-m_w;
end

umass balance of vapor
m vZn-m_sm condm vout-m bm vl;
v_v2n-V_tankm vZn;

s Return Variables .
V_vZ-v_vin;

v_alr2-v_airZn;

printf(' wd Pressure %3f specific vol vapor:%3f specific wvol Dry Alr.%®
\n',i,P ti,v v2n,v air2n);
end - -
%ENERGY BALANCE OF 5
%ENERGY IN:
Eisteam=(0 S*misfvs”2‘(10“-3)+m75*hs); %k

%»ENERGY OUT

E_vapor 05'm_voutsvo”2Z«10"-3)m_wvout*h v2;
E_dryair=05'm_aout*vo”2=10"-3ym_aout=1006+T_1i2+273y;

E bleed=05m b+vb"2+410"-3rm _bsh v2;

i1f k>»>540 && k<=720
Eicond 0;
else

E cond=m cond+«Interphfp(P v2);
end

%INTERNAL ENERGY CHANGE
%DRY«AIR

del Ua-m_a2y0718«T_1i2-.T il);
%PRODUCT:

deliUp (miHZO)*cviHZO*[TiiZ—Tii 133
%VAPOR:

del U-E_steamE_vaporE dryairE bleedE cond);

d617UV (deliU)rdeliUp—delan;
%Internal Energy of vapor @state2:

uiv2 =ufv1—(deliUv-m7v2 ny;

T_viZ2-InterpTw_v2);

P_VZn Inteer(T_viZ);

h_v2n InterphgT_vi2);

%k

%k
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if difP<-0
P_dryAi: Pail;
else
PidryAir (0.622'P7v2n*m7a2)-‘m7\72n;
end

T r=InterpTemp(k);

T2 T7v12;

P2 P_vZn;

h2-h_v2n;
%Initial New
T7‘12 T7v12;
v_v2 v_vZn;

v_air2-v_airZn;

P7v2=P7v2n;

h7v2 h7v2n;

fprintf(" %d Temp:%.3f Presst total:w3f Pressure vapor:%.3f specific vol vapor:
%3f specific vol Dry Air%3f\m', ], T i2,P £1,P v2,v v2n,v air2n);

end

%New Condition
m7v1=m7v2n;
P_v1=P_v2n;
Pail-P dryAir;
T 11-T vi2;
u7v1=u7v2;
V_v1=v_v2n;
v_airl-v airzZn;
mﬁal:miaZ;
h7v1=h7v2n;

fprintf(' %d Loos co%3f Temp:%3f Pressure 3

%31 mass

stam%6f mass flow out u6f mass dry air»3f
Wil del ;
w4 £\, k, C2, T vi2,P vZ,v_vin,m s,m vout,m a2,m cond,m vin,del uv,u_vZ2);
end

vapor inside:

uvs4f u_v:
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OPTIMUM STEAM CONSUMPTION ANALYSIS OF THE STERILIZATION PROCESS IN
HORIZONTAL STEAM AIR RETORT FOR ENERGY SAVING

- o & o s o
AAGT WORENBY™ UaY §I¥YM WINYRE

- a El 0 v a a a w
Ygnein Annssuaiesna dinde ennssueens wrinedomalulaganng
A.43U1T 80189 LUATIIVENN 30000

unARga

Turndsei] Sumsfnenfimiunsrunahdsiensunmsasesladiedy vonhuzwinnsedes Wovndns
nslilethémiunssumumssinde n‘imﬁ]1nrqﬂnitﬁﬂﬂumsmtmiﬁwﬂmﬁﬁauiqﬁulw?ﬁwﬂiw ﬁqgﬁuqﬂniiﬁﬁ
Liaursamsuiedasmsllathldad wwitn deuashnsiosannssunmsasssladedulaoesndy 2 4
Tutrsusnde trasmslaamimeonaininedn (venting Process) wazdhswosmsenife wieidunintrsainedlad
(Sterilize Process) Wummreideissihiaewamnmsasmslilodldensanedlad dewniuid
mmﬁﬁtyuaz’li’l’izuznmmuﬁqw‘lum:muma Iﬂmzﬁ"lm'wﬂij"mmﬂ151ﬂa1fwﬁmnﬁamamauazwﬁmumu
winnsmamedlylauing uasldivsunsy MATLAR Wudesdielumsennaa WethinaRoudisuiusasmsldle
Thiadsilianmnset TnremsssemuhsaTnslahiliansuudees fifwhiu 138 % verdasmsidle
Fradly s uienildonsuudeedenfesndiseasinisitlehedounn dawnansnsinsifledhadodu
Anofunananszuuns uidmiuarildonsuudiaseivsalugimemssindeindy uazqmwn“ﬁmﬁmn
wudasdiasniu 120 awwaion Fumaliiinmsiinwaamgiluiawesled liaunsamsuieumgi
meluiwidn fufuaassignamuasasgnimialidutamesgamgl W sumgilsndeiiauiiy 119 swady
TumaFiResmegnacusiliogh 118120 osengailea mnﬂ'ﬁﬁnb‘?iﬁ’w'ﬁﬂﬁ‘ﬂﬁﬁ wuusaesfivinsiuens
asnvsuenisgauninteluldlnd Ausiuraasg waevsvivBanalothiflitunsyuuaneiladiadu
dwsn: e anoiladiety nslaen

Abstract

This research studies about the sterilization process for canned coconut waters, for determining the
steam consumption In the process. Because the devices use for the sterilization process is Retort which the
thermal device can't be aware exactly of steam consumption. Therefere, to consider the sterilization process
can be divided into 2 duration which are the Venting process duration and the Sterilization process duration.
This research will be presented about determining steam consumption in the sterilization process, because
the sterilization process duration is the most important in the sterilization and spend longest time during this
process. Therefore, the determination of steam consumption using the thermodynamics modelling and using
MATLAB to calculate the values to compare with the average steam consumption from the measurement.
The results revealed that the steam consumption from the modelling 13.8 % of the average steam
consumption. Therefore, the values of the modelling are less than the average steam consumption. Due to
the value of the average steam consumption is the steam consumption of the entire process but the values
of the modelling are only the steam consumption in the sterilization process. And temperature from the
modelling is 120 ° C. In the operating, maintaining the temperature during the sterilization can’t know the
exact temperature inside so the actual temperature is controlled, it defined as the temperature range, in
actual practice is 118-120 * C. This study suggests that the proposed the modelling can indicate internal
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ternperature which are similar to standard values.
sterilization process.
Keywords: Retort, sterilization, venting
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And knowing that used steam consumpticn in the

2. fwwedladiedy (Sterilization)

Humslinrwdouiiaumgiigenin 100 asan
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Steam Consumption Analysis on The Venting
Process in Direct Steam Retort

[ Sasithorn Payakthong ', Teerachart Pornpibul®]

Abstract— Presently, the steam consumption usage of the
retort was unable to be found, since the equipment used in
sterilization were those that used steam as a medium to provide
heat. When high temperature steam is needed, the pressure of
the steam becomes high as well. Thus, when sterilizing,
pressure must also be maintained in addition to temperature,
since high pressures can result in damage to the product, and
temperatures can rise above the standard. Thus, some of the
steam must be released throughout the process, and in the first
parts of the sterilization, air must also be vented from the
machine by opening the vent pipe. Since the inside of the retort
contains steam and air mixed together, some steam is also
released after the vent pipe has been opened. Thus, one can’t
measure the true amount of steam, resulting in the production
of steam of excess pressure and amount than needed to support
the steam needed for sterilization. This study will study the
process of sterilization of canned coconuts and coffee. The
period of venting is a very important period, since any leftover
air in the retort can create a cool point, and it’s also important
to the temperature, Thus, this period is one that uses the most
steam. This thesis aims to present a thermodynamics model for
sterilization with the use of a direct steam retort in order to
find the true rate of steam usage for this type of retort, since
the period of venting in hoth types of the product tends te
increase temperature and have similar product volumes for
each sterilization cycle. Following an analysis from the model,
it was discovered that the rate of steam usage for both coconut
water and coffee have similar values, where the rate of steam
usage was 0.237 kg/s for coconut water and 0.238 kg/s for
coffee. After a comparison between the temperature obtained
from the model compared to the measured value during the air
expulsion period, it was discovered that both products have
similar tendencies to increase temperature compared to the
temperature obtained from measurement, with percentage
error values between 0.5-1.8 %.

Keywords— Sterilization, Retort,Yenting Process and Cool
point

Introduction

Presently, there are studies and construction of
mathematical models of vertical direct steam retorts, which
helps to find the rate of steam usage by proposing ways to
create a model by considering the rate of heat transfer of
various pieces of equipment inside the retort for the system
(for sterilization). This adds a level of difficulty and
complexity as one must consider heat transfer in many areas,
resulting in many factors that must be considered, and the
steam inside the retort is also considered to be an ideal gas.
[6]. The aforementioned methods allow for finding the rate
of steam usage of vertical direct steam retorts, which
physically appears different from horizontal direct steam
retorts, and the considerations concern only the retort itself,
and not the actual installation. Thus, this thesis aims to
present a thermodynamics model of sterilization by a
horizontal direct steam retort, which uses the principles of
the mass balance and energy balance in an unsteady state to
consider. The system includes whatever is inside the retort,
which includes steam, dry air, and the product. Other
equipment includes the vent pipe, which is considered to be
extubated from the retort in order to release air to the
environment, A comparison of temperature results between
the model and those recorded from the retort will be done, as
well as the net rates of steam usage from the model with the
approximated steam usage of the retort, which will be
considered using the subtraction of steam usage of other
heating equipment with known stearmn usage rates and the
loss of steam, with added water taken into consideration.

Sterilization

The process of sterilization can be divided into 3 parts,
which are the venting, sterilizing, and cooling periods.
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Fig. 1 Temperature and Pressure according to manufacturing standards

. The first step includes air venting from the retort,
which normally will use steam pressure. It is the period
where temperature will increase inside the retort until the
temperature for sterilization is reached.
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*  The second step includes sterilization, or the period
that “cooks’ the preduct. The temperature can range between
110-170 degrees Celsius for killing heat-resistant bacteria.

*  The final step includes cooling inside the retort, to
protect the container from losing shape due to differences in
pressure,

1. Methodology

A Heating Equipment Modelling
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Fig. 2 Horizontal Steam-Air Retort (cross-sectional view of Horizontal
Steam-Air Retort used for study)

¢ Modelling of the steam pipe within a horizontal
steam-air retort
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Fig. 3 Steam distribution pipe in a retort

The characteristics of the flow of steam through the
steam pipe will be similar to flow through a nozzle, since
there is a change in the cross section of the flow, resulting in
the steam flowing through the holes around the pipe to be
flowing at high speeds and be distributive due to the
pressure inside the tank being different from the steam’s
pressure.

Fig. 4 Steam mass flow through Nozzle

Mass balance:
M=, =An,, M

Since we have done an analysis of only the steam pipe,
the rate of inward flow of the steam mass is equal to the
outward flow of the steam mags, resulting in no changes to
mass inside the analysed equipment.

Zm, =%, @
Energy balance:
Q-W+ZE, -3,

‘out

=AE 3)

Since there is no heat (Q) and work (W) through the

control volume of the system and there being no changes in
energy inside the system due to the consideration of a stable

system, YE_=YE_ ,and the equation for calculating the
desired amount of steam for the retort is as follows.

1 1 e
[Em\-,‘..‘_‘\-,mz i gzt R,H.VJ = {Em‘-,mi o T 82 Pi..\m\"]

“)
Since the velocity of flow of steam inwards through the
nozzle is very low when compared to that of outward flow

(V | me), for easier consideration the condition of

(‘7\@ mO) is  sipulated. Also, from the considered

equipment, the potential energy has very little effect and is
as such not considered. Thus, the equation can be rearranged

as follows.
= P i = B
Voou =42 ———— (5)
: s
The Mass flow rate can be obtained from (rh= pAV)

. P\ in Pirmdc
mo=p A [2 7§ (6)

Ps

o Modelling of the bleeder of the horizontal direct
steam retort

Fig. 5 Mass flow through Bleeder

The task of the bleeder is to maintain the pressure inside
the tank. The venting period may not be very impactful to
the rate of steam distribution, since the main potential will
come from the mass that flowed out through the vent pipes.
However, the importance of the bleeder will be clear in the
sterilization period, which is to control pressure inside the
retort and not letting it increase excessively. The mass of the
steam flowing through the bleeder will be characteristically
like flow through a nozzle [5]. Thus, we can use the same
equations (5) and (6) for finding the rate of flow through the
bleeder, resulting in the following equation.

; P = F,
e ffata) o

*  Modelling of the vent pipe of the horizontal steam
direct retort.

Since the installation of retorts differ by manufacturing
companies, including different pipe placements in reality,
there will be difficulties and complexities that necessitate
removing them and finding a loss coefficient to compensate
for the removal of some variables.
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Atmosphere
|
P

Fig. 6 Mass flow through Vent pipe

From Bernoulli’s equation in the case where friction flow
is discounted, it can be said that

P Vol P
LT R VL P ®)
22 pg W L2 p2

The inward velocity is very low compared to the outward

velocity. (an* V\_M") Thus for the simplicity of

consideration, it was decided that (\_'

v,in

B 0) and since the

impacts of pipe length, joints and bends were removed, there
must be a coefficient as well, after which the equation can
be rearranged as follows.

¥ =C Z[Pm\ldr —Pn ] 9)
' P
The velocity obtained from the analysis is the speed of

steam expelled from the vent pipe. but since steam and air
are mixed together in there, the speed of air expelled from

the vent pipe will also be equal (\_J\m = Vl)

P~ P
rh\,uul =p,A Z[MA_W“] a0

B 2=
M = A Z(M] an

Pa

B. Heating System Modelling

:_'_J‘I i

[8AY | “‘
by e |\
‘g}E}"EE-L"/

4

-
My —

my

Fig. 7 control Volume 1 for Energy balance
Mass Balance:

Ty, ~2m,, = A,
thy =1, - iy, — g, — 1, o+ (12)

Energy Balance:

AE, = ,Q’ + W+ Ein = Even = Buneeder ~ Evomtenae a3

-2 - =2
2 2
—(mh )
(l'ﬂ( " Jeomd

1- -2
—m ., [— Vavent +hﬂj -m, (_Vh +th
- 2 hlcad
(14

* No work has entered or exited the system. (W=0)

went

e The system is considered to receive heat from
steam only, where heat loss to the environment is
minimal (Q=0)

o Changes of potential and kinetic energy in the
system were not considered,

In consideration, the system includes the contents inside
the retort, which are vapor, the product, and some dry air.
Thus, AU is equal to

AU =AU +AU +AU (15)

5¥8 product dryAir Vi por
where dry air inside the retort is considered as an ideal
gas. Thus, AU can be calculated from

AU, =mC, AT (16)

P

dryAir

The following concerns AU in the sterilization

product
process of canned coconut water and canned coffee. The
coconut water consists of 95.6% coconut water and 4.4%
nitrogen in a can with a volume of 240 ml, whereas the
coffee consist of 94,4% coffee and 5.5% nitrogen in a can
with a volume of 180 ml. Nitrogen must be added in place
of the air inside the can, since any leftover air can result in
the growth of microbes that can spoil the food.
AU . €an be calculated from the following equation.

o .. =(m . C . (AT)) +(mNCFN (AT)) (17

Substitution of AU ot and AUur,m.r in equation (15) will

resultin AU, which is the part for vapor/steam when
AU, . =U,-U, (18)

vapor

Thus, when one is aware of the energy inside the steam
in the 2" state, they will be able to find the temperature of
the 2™ state as well from determining that the system
consists of steam/vapor, the product and some dry air. Thus,
the temperature of the vapor will be equal to the temperature
of dry air and the product.

. System simulation

Since the system of equations obtained from the
modelling requires one to know the temperature and density
of the steam inside the retort in the 2" state in order to find
the rate of steam usage during each considered time period,
a simulation must also be used to help solve this problem
regarding the system of equations. However, since there are
many methods of thermal simulation, the most suitable
method for the problem must be chosen. Here the most
suitable method that can solve the equations’ problems in
this modelling is the method of successive simulation, which
involves randomizing the values for the desired variables
into the equations (o obtain resulting values, which are
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repeated until there are no changes in the obtained values.
[2] The reason for choosing this method was that the
equations did not have an sequence for value substitution.
Thus, sequential simulation cannot be used.

e

Fig. 8 Successive simulation Method Flow chart

m. Result And Discussion

After obtaining the thermodynamics model, the program
MATLAB was then used to calculate the rates of steam
usage and temperatures inside the retort for comparison with
values obtained from measurement, where the initial
condition will be set according to the standard of actmal
production from the studied factory.

TABLE1
INITIAL CONDITION OF MODELLING
Coconut
Initial Condition watcer Coffec Unit
Initial Temperature 60 “C
Pressure of steam 200 kPa
Surrounding
Temperature 30 °C
Volume of Retort 427 4.27 o
Mass l:'lg i 230 170 mlican
Products | Niroden
gas 10 10 mlfcan
cans/1
Quantity of Product 16,000 22,000 baich
Dimeter of Steam
Nozzle 316 in
Dimeter of Bleader 178 in
Dimeter of Manifold
Vent pipe 3 in
Temperature of
Sterilization 119 121 R

Here after system stimulation and graph plotting, the
temperature of air venting of both products compared to the
measured temperatures are displayed as graphs in figures
9and 10.

Fig. 9 Temperature inside of Coconut water(C) with Time{sec)

23

Fig. 10 Temperature inside of Coffee(C) with Time(sec)

Figures 9 and 10 display the temperature values during
the venting period of the retort at various time points for
both products compared with the temperatures measured
using the thermometers inside the retort. The termperatures
obtained from the model were like that from actual
measurement, with the same tendency of increasing
temperature. Since both products had different sterilization
temperatures but have same temperatures during the venting
period until the 12 minutes marker, the increases in
temperature were different after opening the vent pipes.
Furthermore, the differences between the real temperatures
and that obtained from modelling were calculated as a
percentage error as per figure 11.

_ (Tml 7Tu‘mdel)

%Err x100%  (19)

real

Fig. 11 %Error between Real Temperature and Temperature of Modeling
‘with Time(sec)

Figure 11 displays the error values of temperatures
obtained from the model and from measurement at various
times. It can be seen that the maximum error values for are
1.42% for coconut water and 1.7% for coffee. The resulting
error was very low, indicating that the tendencies for the
model to be close to that of the real/measured ones and
meaning that the amount of steam used in the venting period
obtained from the modelling is similar to the actual amount
of steam used.

Fig. 11 mass steam(kg) with Time(sec)
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v. Conclusions

The results obtained from the modelling of the
sterilization system during the venting period were that
canned coconut water used 170.72 kg/12 mins while coffee
used 171.13 kg/12 mins, and that the error values of
temperature was the only value able to be measured. Thus, it
was the only thing that can be used for comparison to ensure
that the model is accurate and similar to the true value as
much as possible, which was done through the analysis of
errors in temperature during the venting period, which
ranged between 0.5-1.8 %, which counts as very little. Thus,
it can be believed that the amount obtained from the
modelling was similar to that of the actual system.

v. Unit
Nomenclature

m  mass ,(kg)

U Intemal Energy , (kI)

Q  Heat(kl)

W Work (k)

u Internal Energy by mass,(kl/kg)
Y Volne ,(m’)

vV Velocity , (m/s)

T  Temperature, (°C)

t  Time,(s)

C  Loss coefficient

G Specific heat, (kl/kg °C)
E  Energy, &J)

h  Enthalpy , (ki/kg)

Greek symbols
P Density ,(kg/m)
Subscripts
in Flow in
ou  Flow out
inside  Mside the Retort

v vapor

a dry air

5 Steam

b Bleeder

¢« Condensate

1 Initial state of the Process
»  Final state of the Process
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