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S. carpocapsae (Weiser)
The Development of a 100 - liter Fermenter Vessel for Study on the Mass Propagation of

Entomopathogenic Nematode S. carpocapsae (Weiser)
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Abstract

A 100-liter fermenter was developed for studying on the mass propagation of Entomopathogenic
Nematode S. carpocapsae (Weiser). The control parameters were temperature, air flow rate, and stirred
speed. The result showed that S. carpocapsae could propagate in a 100-liter fermenter in circle life of 13
days, the production yield was 180,000 nematode/ml and the percentage of insect destroying was 65.83%.
The used of Silicone impeller and Up-Pumping impeller, instead of a standard impeller showed good
results of preventing foam from overflow from the vessel, especially in case of a 6-liter vessel. The
installation of new impellers also allowed a vessel to be operated at higher air flow rate, which should

increase production yield.
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819U9994 (Sparging Air) ¥301% Ne¥n11M5 11 (Draft Tube) (J.Y. Oldshue et al, 1983) 318411
. Y 3 T Ao 1 o ~Aq Y [
U949 Robinson a2 Moo-Young taadliifiuil Aeasimsilevemeamiiu seuunlyluniugiu
9 Y v U = 1 A ~ 1 =}
drvazlioniimaneTounda (Mass Transfer Rate) andszuunileusimeaiiiesssaded ms
~ ll = o FY o 19
a1uANMs lvaauTaenstousimaiissediaderamnsait ldmnnszuaumsnidn lidesns
Y [
P9AFIUNINGTA (low Uptake Rate) HonNiuMItloueimeniissetanedd lusidivaany
UszANTMNUeININAN (Blending) M3n3z18810357 Tuanaluvedriad (Solids Suspension)

Y v
uazmsn1e louvednNion (Heat Transfer) saiiumsldluniuluszuuddianudingedisoa

(Robinson 8¢ Moo-Young, 1982)

mqgﬁaumawmmm (Fluid Shear Rate)

Wonszurumsyinrn lszesnilaanuniiavesvounal (Relative Viscosity) 924y

dg/ 1 Y A . @ o A A d? a A J
Vuaawal¥isanouvoIuourad (Fluid Shear Rate) Judarsniaunuyy dszansawlumsoie

a 1 'o o I a { 1
ToUI0V0I0DNFAUFUDANAIILAAAY  LazHINF) Iananiimsvinurtianlianuoou
1 = < o Y (a a 1 FY) [ v
Tvasusansunazi lilsinaunananae Batch anad Oldshue et al naasaud 1vIasnsisua

[ 1 9 1 4 1 9 1 4 1Y d' Y A

easdduiuguinaveslumuasidurIugUINavens (D/T) e liusunouanawa

v
a o

v b4 Y

Usinghanunsaiuranaaldgeinuazidunumswandonuietiminuesnanandiay uen
dyw 1w A [ o A o [ . A Ao 1 A
nnidamundanmanaey DT ludwminidimanaaesliilu function Wielidnsidund

v o A a [ o A d?} A a (% o o Y v 1
ANNFURUTIUUTIATDIMITANLIY (Scale Up) (Mau)3unasdaninaginlnoasdiuniy

1 ] 4 [ { { % 1 1
geaotduruguIna1veets (z/T) Mvmzaulasunlasly Pegtiuszoonuuvedlugie 2:1 -
S . . g ! [
4:1 8t air lift fermenter @ﬁﬂﬁ’mmi}qﬂaﬁﬁ 10:1 (P. Kaufman et al, 1997; T.A. Post, 1998)) A4

Y v Y
Wulumseonuuud iU AT MuTUIZ A0 TATLI9R08AI18IUUDY  Variable

A1e0gaue (J.Y. Oldshue et al, 1978)



= < A a 1 1 $
113) 1983, 1.Y. Oldshue et al, ugaalimumuandna vuaveslunivazdsslvajnen

A [ o Y a 1 d‘d d’ A
wwruzusuRsumelutauazavisam lvinanisats e uuIaNALeANUHLAVDIVD UM A)
2 4 o o { vy :
ingeUu anusaseuveslunuasezamnsolSunaen’ld (Hunuy two-speed motor) Tagh
A g o v < N y A o 2 A A A4
NAUTUAUVDINTZUIUMITHUNIL IFANWFITOUAT LA UNUANNIFTITOVVUINDANUNHANLAYY
g Y |1a a . . 1 Aq ¥ 3 ~
sruvHazlsmnamanan (Maximum Yield) g4n13zuunlgnnunnuiiseuvedluniunai

AROANTZUIUMIHUN (J.Y. Oldshue et al, 1983)

msmusazing lulaglumsesnuuyluniu (Mixing Process and Impeller Technology)

[ { < A o w A o
wenmtionnmslsunlasuanusiseunazmusdesluniunds msmudouly
717U (Impellers Number) 31147Uv0310%A (Blades Number) ¥11av0310n7U (Impeller Size) tag
a :;’ < 1 1 [ {
sozmM3AnAluNIU (Spacing of Impellers) nHdusIelumstsunlasugiuuumsina’ld (.
Schutte et al, 1992; P. Kaufman et al, 1997; T.A. Post, 1998; R.Carranza, 2000)
o ] I a
Taen 11 Tunruuieldiluasariia Ao
I
1) Tunulives Ina lvalunuinny (Axial-Flow Impeller) agidununlvinszuavesves
[ a dydl Y Y 1
mian Tvalunviunudurnuvedluniu luausiiaiinldsuinaldun
I [ Aa A z; I
- Propeller ANMWIGITOVILFY IHMZAUVDUMAINTANUNHTAM nszuams Inasziilu
v YR L. A < 2 . o
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- Hydrofoil Impeller
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m5ﬁmsnmsmmmuﬂ%mm“lmﬂﬂuﬂaﬂ
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2.1 lfheuresnaz 1393530
2.1.1  FInenvesldtaeures
I { o a [ a
l&dourlos Steinernema Carpocapsae Wul&idaurlesnilvina lsasuuuasiaiesiia

' o 1

Ao ] A ¢ A o A Y, L a4 & A = 9 o
LlagﬂJaﬂ]&lﬂ!glﬂUGIﬁﬂﬂllullﬂu@i1ﬂﬁﬂu1§yﬂﬁi@ﬁﬁjlaﬂqaﬂﬂjﬂuu Gﬁﬂﬂ@LTJUﬁQﬂQﬂﬂslﬂﬁlwu']MW
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e a (L] [
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v '
A A 1

LY~ 4 I
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[ 3 [l 4 [l 1 o
au Hanbuziugal rod shape liadwades lifiszozdumiu (Resistant stage) 39 liiansndsa
v v

Fanluanmnadonlusssumnani llld UndsznunvaiiFeriaiivzordoodlumisdrldveq

Y A 4 . . ' 09/1 v A a v o J ~ A
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o Y A < B o & o 9 A Y A o Y A @
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J

msauiugues ldiAouros (Akhurst, 1983; Poinar and Thomas, 1966)
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1 4 1
. o/ v 3 W
(Juvenile) FaTNWNA 4 5202 (J1 — J4) szozananiomad tazmsile (Adult) ¥ l1dnourdoeszes
Y [V 4 ] 3 <3| o o w 9 @ o
Hazwaniug uazaelad nduazilndudiseumudny dwmsuszezidiatounasves
[~ o o A sll
Idaourosrzifludrgouish 3 (13) Geonlddoudosszeziin Infective Juvenile W3ioszoy 1J
9y A dy =~ @ ~ [ A A Y 1
I&aeurosszeziivglimanannuaznlasunlasdnymgniai s ldiinnuaunsanumuao
Y Ay Y g = Y o A o oA
anmwadeud limnzan ldiluedndvazsodihmonuasiends (31arssa, 2540) wenvin
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BITNNANNIAENNTTezOU UL Tasuuaiiteluszezilazianuaunsanuegluanima
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doun lumngay Tdvuude litiuyasededianmeimeuazanuyunmanz ay (593, 2538)
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96 Hrs (maler, female) ‘
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hypodermal glands (18 intestinal cell (Poinar and Himsworth, 1967) M 1dneuresluszesi
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2.2 msfAnmdnyazvedlumuiminzandmSumsiaesvenaiug laneudoaludaminving 6
=Y
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(Y] d
22.1  Yaq gunsas
dy Y A [ % a o o [ @
1. ganaassmsaesvens ldiaeudesludiminuua 6 ans $1uu 2 ga dwmsuluiauuy
A ® [ =& 4
11AT9IUIA509 (BIOSTAT B) 1 9 uazluananed 1 ya Fasznovliae;
- control unit
- cooling unit
- culture vessels
- gasmix unit
- air pump
[ [ o [ = o Y aa d'
2. luwanmiu 4 wuw wazluwadmsuaresidlresalay 1 uuy (@15199 2.1)
Y Y
3. @NsABuFegAs Tsb, NBTA 1182 YS broth
S Y 1
4. msnianee laun;
- AARIONT 0.1%
=
- eeniiu 0.1%
4
- lesuaw 0.1% uay
- UPANDIOA 75%
Y A ] "o J
5. 'lddoudes s carpocapsae WOLUNNURISYS 1]
6. uuANiseY X, nematophilus
Y
7. NUBUNUSIHG G. mellonella
A 9 1 o a o 2 o [ a A 9y
8. qinssiouq ldun 1@ nszawegiiiy 1Ay madmSunadoudszaninimmsdn

NaguNag
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222 VUABUMSAUHUMSINAGDI

1.

k4 ]
Anwanyuzmsnuiesduvesluianiunnuaieg lueismaigas Tsb, tieda

A v Aa ! o dy @ Y A @ o/
o luNANNA KL AU ﬂaum'lﬂmammawmﬂwuﬁ"lﬁmamleﬂalumﬁuﬂ

e

[

YUIA 6 805 (Pre-Experiment) Iagluanaszdeslianyazaadl

Y Y o Y Y
- ﬁnJﬁE]ﬂ’JU’EﬂﬁﬁGLWHJ”Iﬂu“lﬂﬂ

A <

- gwnsoazageendiauldidiuems lage Ageanusalumsniu 400 sow/
=
HUIN
9 d’ Y v @ % v L:' a =
- ﬁﬁﬂﬁﬂﬁﬂﬂﬂﬂhlﬂLll’f]GlﬁﬁﬂﬂTﬁﬂUﬂQﬁﬂJﬂiH@ﬁiTgﬁﬁ;ﬂV] 8 AT/ UIMN

) o Ao A Y Y Y dy v YA [ LY
uﬂ‘UWﬂﬂlu‘ﬂﬂﬂm’ﬂﬂllﬂﬁ)']ﬂéllﬂ 1 MWﬂl“HVIﬂameEJ\‘]“IJEJ”IEJWH‘]jllﬁLﬂ’OuPJ’E)fJGlL!ENWNﬂ

2.
a = a a o a Qal} 2 1
YA 6 893 laswsonlTnueisuiia 3 aas Mimsaaadluiauuuaiee uazly
o = e Y 9 o a [ 9 1 [T [
Wannuanee (Silicone) 11A8NAY  Tagazaaluiianiundiuanvesdaas luia
nuuldaesegdruuldvenluiaduarvesluiadvesdudasuiiniives
pmnsned (vouluaauegluomisiszina 1 mm,) iwednulildvesdy dawaas
[ 9 [
Tz 2.2 nazlumsnasssdesseneiug IdidoudesTasldluiaunnaieg #1450
Y ]
msfadenuaaz Batch zdesiinis@esniugiumslsluiauuuinasgiunies
® A Y A ~
(BIOSTAT  B) tive l51f5suinsunanisnaaodaus
3 - .
yovedluniu | viavesluniu vinaly pa/bt | S1auly | avesly
Diameter | W (mm) | L (mm)
Silicone Axial Flow 110.0 45.0 45.0 0.70 4 50°
@vlpad ) Impeller
BIOSTATB | Bladed Disc 63.5 12.7 19.1 0.40 6 -
Turbine
BN 1 Axial Flow 64.0 40.0 40.0 0.40 4 35°
Impeller
Huua 2 Impeller 55.0 20.0 50.0 0.34 3 50°
U 3 Up-Pumping | 64.0 18.0 30.0 0.40 4 30°
Impeller
HWUUN 4 Up-Pumping 95.0 34.0 42.0 0.60 4 20°
Impeller

A15197 2.1 LAAIVUIA 1Az iA (Dimensions) Vo lUWALLUAI
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i1

=
N

D, = Diameter of Tank = 160 mm D, = Diameter of Impeller (Table 2.1)
A ~50 mm B ~10 mm C=1-2mm D=15mm

FLOTUINTEHINN U = 120 mm

Y
2.2 11899 Dimension tagmsaaadluniulugvinuiieg 6 ans (m‘%’aumms 3 a69)
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— 42mm —

34 mm

511 2.3 udasdnymz ez Dimension ¥o3luian 1F@neLY Silicone (Upper Impeller)



i

i1

=
N

19 mm. \|€—

€« 35mm. —»

— —1 12.7 mm.

- - ®
2.4 UAANANHUTLLAL Dimension ﬂJ@ﬂ‘UWﬂLL‘}JUMWIiyu BIOSTAT R (Bottom Impeller)

20
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Angle(Degree)

l

gﬂﬁ 2.5 LAAIANYUEIAY Dimension Y94 lUWANIUL Up-Pumping Impeller (Bottom Impeller)

223 5manaasudsdldneudesludaviinuing 6 ans

1.

= A 9 = 9 Y 1 Bldy
MTYNUDINTNAIGAT st3 mmiwmmua:mammwﬂusamzmmmmm%gam

uazveewug ldidoures]dldasludondn

) ] dy ~ a o o 4 Qy 3| =\
m'lﬂ@umwaﬂqmwml 121 CaNuau 15 Youa/m51917 1Wual 30 un

QU

9
a o

Anfaginsaingnvias pH uaz DO (Dissolved Oxygen)
Calibrate pH indicator = 6 - 9.5

Calibrate DO indicator = 0 — 100%
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Y

Y 0
Tagmsannms@eunulsnaldmoudosTudamidnluilegiiuin nensuidan
[ 1 1 a ] o Y] VA Y I
manuasde lulimsaiuaua pH uazdSuia DO udvziimsasiviannive 14ty
= ~ 1 =& I~ 1 @
uuamalumsanunmswasuidasan pH tag DO seeztluilse levvinonswamn
' Y v
wazddeeiladenerainanom@eunulSuna lddeurosluseduas il
° A A A A Y ' o ™ ' . .
4. U1 stock HUANLTY (500 mL) masen13n Inoculate JaaaludarsinInen1y Peristaltic
a Qs: 4 1T a3 a { 0 o
Pump AAAUATOINADIIUAILANGUUYL AN 28°C MIUVBINANAIBOATT 350 rpm
YA 2 Y 1 .
nazauauliieimaluaieunasanal lasezilousimemiimaniouss Gas Mixture
o ==t Y] o [ t:y ==t Y] o I~ 0'./

5. naasdasNuLuaNGeludInnvasnIn@eauanGelugarsnunal 24 ¥ 1ug
@S uamuanGsaundoinsundl 39 1ddourles (500 mL) 11 Inoculate laaq
TudendinTaer1u Peristaltic Pump taziliuanguvgiun1in 25°C Taoms feed 92
fo4 feed nuanGouas lddeudoslinuamealunar 20 wn WieanuuanG ooy

a 9 1a =
VIADDNFIAU 1A 1Y 30 U
< a o a . ks [ 4 %
6. somuranaauazasviudsaldiAoudos (vield) Massveroiusld Fanszuiu

& aqw & o
mstag ldnamamualseua 10 - 12 Ju

!3ﬁ1!lﬁ$ﬁﬂ1ﬂﬁﬁ1ﬂ1ﬁ‘ﬂﬂﬁ@ﬂ
Y a oA 1 aov (%3 A = = [ a a
W@Qﬂg'ﬂ@]ﬂﬁ ﬂquﬂ'lu’J‘"l]fJﬂﬁ']JﬁiJﬁG]gW"]f‘ﬂN‘]ﬂﬂ1W NOINHUATTAIINGT NTNIVINT

INHYAT i%’ﬂ’hﬂlﬁﬁ]u WOHNAN — NINYIAN 2544
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224 WNanN1INAaal
Ay
2.2.4.1 HaMINAadUUDIANY
I @ Y
ANMWEITOU | 9IS IHOIMA
Batch riaveluniu Tunmsniu | gegalaeivledli | wanmsnaasuiosdu
y y (59U ) Au
AUV Aua
(a5 )
1 Silicone BIOSTAT® B 400 8 1M 1aa
Aanpufud e liduy
A ® v
2 HUUN 1 BIOSTAT B 400 3 osdu
Axial Flow Impeller
3 Silicone HUD 2 (Impeller) 400 4 Woedu
4 Silicone LUV 3 400 8 oy 1aa
Up-Pumping Wearioennn
5 Silicone LA 4 400 8 sy 1aa
Up-Pumping Wearioennn

[l 4
M15197 2.2 wamsnaaouiiesduTaeldluianiumuuaieg luemismaigas Tsb,

2.2.4.2 wamanaasyasunulsnaldneudealuludanin nlsauaunananszringduia

4 ® U W
HUDIIASGIUA509 (BIOSTAT  B) nuluianaaes

¥ilavosluniu

Wanan (#/ua.)

szansnin

MN8N (%)

g
szoza lumsies

v @
VIYWUF1 39T (W)

LL‘U‘U&JWI?1§1H!?€EN

254,000 41.83 12
®
(BIOSTAT B)
UL 3 251,000 40.0 12
WU 4 Ti'ldmanan - -

M3 2.3 nlSsueuranan (Yield) taziszansmmmsdniiatsuyasvedldiaoudes s

A dy o v 4 Y o
carpocapsae nassvenelugaundunan 1 WITAWINTINAIFAT Tsb, Tagl¥lunaniuuuy

A9
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a d
225 INTITHNANINAADS
22,51 ANSHHAMINADULDIAY
dy Y] S Y A [ 7 a 9) )= a 09/' " A
madeseeiug idiaeudosludminuuie 6 aas Tasldemnaiies 3 Gas tuuaA
Y
A5uIMIMInEAsEen 1F1uRANIUTINISA MDY (Upper Impeller) 1agN19dIUad (Bottom
o & ! ®
Impeller) mmmgﬂmmummjmm?m (BIOSTAT B) %30 6 Bladed Disc Turbine YU1A
Diameter = 6.35 cm (2.5 inch.) H328xH1952131910 (B) = 10.5 cm 71 995 1m3Tloue1ma = 8-10
a A A < A 9 A X o a Y o
AN/ NANNTITOVVBIUNIUWTUAY = 350-400 F0U/ANN Fainszinailyninesaumenal
A 9 A a a Y o 4 9 1 1 [ o
vinf iAo udesnsayau Tnaudhgszoznauiug a3r9lduazeongnoou (Was 120 #21ua
3 o a a . § 4
Wudull) MldSuawmanaa (Yield) nlsveldanauiioannldineurosas Iadussnaiy
Y
Wosdie wonnNlidedsnnugenaedniuaumsHaa (Operator) IW51Z92ABIINITAIUAY
[ < o YY) Y o [ J v 1 A Aa
nazdSuanuiasevveslue nudasimstlouemaldduiusiuedaasanaiiniysum
Weaninu l1nSednsimsazarsvesesndiau (Dissolve Oxygen) Hosauin 'l
Lﬂy Y . o A [ ~ ~ <3
INMINAROIUDIAU (Pre-Experiment) Tagimsiasuluiaaniuaisien 2.1 1nus?
50UV 1UAIUSUAY = 400 39V/ANTH NWUN
H o I I [ iy
1. malasuluiameduuuueads (Upper Impeller) 1uluiadneauyy Silicone iay
o Y 1 [ o I A‘ ®
luwan1enIua19n (Bottom Impeller) mmgﬂmmummgmmim (BIOSTAT B)
1 a = =~ @ 9 @ A agj k4 ) J
wwdan wisuMeudums1FlunauuuIaTgIAToIRIN A UDULAZAIUE
ms I luiadneany Silicone 1189z TiHaAN JUuuDMs lvaruvesomisTy
@ Y Y a 3 o 1 19 @ o e
aeazidnulaa inaneududwaez luduesnuendunsizwoszgnluia  Silicone
=2 [ ] a 4! =) = [ FY [
AaazasnaUasazatenay luevswuay Fenmlseumeunulsluwauuy
A 9 A A 421 Y [V 1
MAsTIATeIn s Yy Wesiimaduey lvadueenueniinianessuioe1ns
ioannluWauuUINATIINIATEY (6 Bladed Disc Turbine) 3 lvinszua’lvaiulu
UUISAT (Radial-Flow Impeller) nolinanszualunudduie (Tangential) tagiud
Saf (Radial) shwiuluiauuumasgiunieanesiuan jluoums lnaisuwes

[

[ 9 yad a 1 o Y a o n Yy o ~

91117 ludznu laanes wavzi ldinaneswnuaz lua lu ldtidnyas ey
Y J 2
ananesasmesiuala

Y] 4 I { [

2. mslsluiameiuuuveansouiuuny Axial Flow Impeller (WUpH 1) tazlusia

9 1 o 3| A ) Y a 1 9 Ao
MIAUANGIAUTULLDINATIATEY WUITT naresApuIIIN NOATING
A A ~ Y P o & A
Jouomaiios 3-4 aasani Weses Inadueonnmediuuuvesdsdieaiiownan

lusiauuy Axial Flow Impeller 92ne 1¥inanseuaveaved va lvaluuunu @
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yunuunuvedluniv) taz luWALUUNIATIINATEN (6 Bladed Disc Turbine) 19

nazud Inadulunuasell (Radial-Flow Impeller) U0Ha92nHanIn Inaainia

P ' Y 2 Y 9 Y o Y 1Aa ¥

AUAIAIUTUGNIAUDUDT 13 Inaruvesemsdinu ldauanivveq
(= o Y a . 9 @ =2 Y

vouradve liGeu i liinanee1ne (Air Bubble) NIA1HUUUBITINN MIAalH

9 ' . o FY "o W a
vo4'1a lraIuaaunaua1aue Axial Flow Impeller 1118 litiufumsinales ves

= g9 ~ Y 1
WAUHDINNNNWATNUUUUDIND DN

[
~ 1A

R
R
= /I
(l lJ‘

\G Y

Axial Flow Upper Impeller

—>

517 2.6 uaasgduuums InavesluWauny Axial Flow Impeller

9 @ Y A | o A e @ Y
M3l luwanunenuuveunsoutuluwadano iy Silicone taglusianiaau
1 I o ~ 1T A Ao
aaduluaniuuuy Impeller ((WuH 2) nudunaresun Asasimstleneinma
=1 a =1 Y 9 1Y ] = [
Mea 3-4 ans/anh e Tvaduesnniadiuuuved Uy ReIfUNMINAaDI Batch
A A o A = 2 v o oA g’ & Y a y
7 2 ewweannnlusianuuuun 2 Janwaznenaiuatiigeane Innanszuaily
Y v
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Relieve Valve
Pressure gauge
Feed

Balance pressure
Inlet air filter

Outlet air filter

Spare

PH - probe

DO - Probe
Temperature - Probe
Spare

Sampling Valve
Drain

Outlet warm water and
vent for drain water
Inlet steam

Inlet cool water and

drain water
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Calculation Sheet

Operating condition
- Steam inlet@ T = 135°C, P = 3.5 bars
- Internal Pressure (in tank),
e Operating Pressure @ 1- 3 bars
e Design Pressure @ 4.5 bars
- External Pressure (in jacket),
e Operating Pressure @ 3.5 bars

® Design Pressure @ 5.5 bars

Heat Transfer Calculation

Steam@P =3 bars —> T, =133.5°C

Q =mCAT
100 kg.x.10° J o
= — x75.4 5 x(130-30)"C
18 (MW) mol” C

= 41888 x 10"J
Flectric (W% Boiler) = 6,000 J/s

6,000 T At = 41888 x 10" J
S

At = 6981.5S = 116.36 mins (Sterilization heating time)

wann 4 lunisin i nmaenmnsiiaann 30°C — 130°C

Jacketed Vessel. Isothermal Heating Medium (uuunan Perry’s 10-38)

In(T, —¢
nhi—h) _UA9.  here A = Heat-Transfer surface
(T1-12) Me

C,c = Specific Heat of Hot and Clod fluid
M = Weigh of fluid in Tank

T,t = Temp of hot & cold fluid

—_
[l

Temp of beginning period/inlet.

2 = Temp of end period/outlet.

w
[l

liguid add to Tank.



T1 = Tsteam@begining = 1350C
t, = T, (@W19~H,0) @ beginning = 30°C

t, = T, (@119~H,0) @ end 121°C

20
A = 21trh = 2z.x—m.x.0.8.m .
100

=1m’
M = 100 kg = 100x10° = 5555.55 mol.
Cp (H,0) = 75.4 J/mol °C

. (135-30) Ux(1m?).(120.x.605)
a _

(135-12D) 5555.55mol x75.4 J | mol°C

U = 117.23 J/s m’ °C = W/m’ °C (U Mwpizassiaanililé)

Note: A T, lugunisiianann

mC_AT

Q= g = UAATIm
me (t2 _tl) o o
— - UAATIm (441191 Jacketed Vessel.)
Und ATIm = (Th—12)—(T2—-11)
In (T, —15)
(T, —15)
Tunediil ATim = —2=%)
(T, —1)
(Ty - 1,)

Ureal 11a1n 1) ¥ hj = Heat transfer coefficient at the outsides wall of the reactor
2) 11 h, = Heat transfer coefficient at the vessel wall
3) I heat transfer of stainless steel
4) ¥in U = Overall coefficient
Spiral channel : section 25x80 mm

No. of spiral = Height of jacket/pitch

80 cm x10(mm
80cmx10(mm)

80 mm



Length of channel = L # Steam fasluaninu

= No. of spiral xntD

10xmtx0.4 = 12.56 m

Cross-sectional area of channel = (25x80) x 10° (m2)

= 2x10° m’
Hydraulic mean diameter, de = 4xcross-sectional area/Wetted perimeter.
4x(25x80)
= —— =38.10mm
2x(25 +80)
30+121
Physical properties of liq in reactor@ T = =755°C

- pH,0 = 974.55 kg/m’
- UH,0 = 0.4 m Ns/m’
-k, ~ 0.6728 w/m’C

-C, = 4.185kJkgC

Agitator Type = Flat Blade disc Turbine (just for calculation)
- A7 > % GTank > 20 cm
- Astimate ¢turbine = 20 cm (D)

30 _
- Agitator speed (N) = 30 rpm = 5 — 0551

2 2
ND 4.55x0.5x0.2
e - P _9T4SSX05x02%
u 04x10~3
C u 3 -3
o - Pt 418x0°x04x1070
k, 0.6728

A41N19 Flat blade disc turbine, baffled vessel, transfer to vessel wall, Re > 400

(Chem. Eng. Vol 6 #ti1 708)

0.14
Nu = 0.74 Re"” P (i]
H,

h D

f

— 0.74x(48727.5) %67 (2.488)0-33



h x0.2

14 =1382.52
0.6728

h, = 4650.8 W/m™*C ****

W h =nh, Condensation inside the tube (Horizontal) (Chem. Eng. Vol. 6 o 656)
Assume flow patterns in condensation is “Annular flow”
From Boyko-kruzhilin eq.

N - h{1+1/pL/pV

c i 5 ] ; h‘i = the tube ride coefficient

. k
h, = o.ozl(d—L] Re?8 p 043
i

AT
Re = _v
Hy
" Nynd,

; where k@ 133.5°C = 0.6827 w/m°’C
d = d, = 3810mm = 38.10x10° m
1 @ 133.5°C = 0.18 cp (mMNs/m°)

I', = Vertical Tube loading

N, = Number of tube = 1

W, = Total condensate flow

1 W_ neau (Steam Flow rate)

Q = mCAT + mL+mC AT (negligible)

p steam

6000 7 - m(4.188 J

J
x(133.5 —30)Oc+2258.66—J
S

g’C g

6000 ~ = 262,118 x.m
S g

m = 2228 g/s = 2.228x10° kg/s



-3
W, 2228x10 =0.018614 kg /s.m

T Nad 1xm38.1x107

4z, _4x0.018614

Re = = 413.65
My 0.18x107 3
Cpu
P = 1‘1 L ¢, = 4185 kiikg'C
f

4.185x10°x0.18x10~>
= =1.103

0.6827

. k 0.6827
h; = o.oz{d—LJ Re"8 pr04 0.021(— (413.65)%8 (1.103) 04

i 38.1x10~
= 48.656 W/m™°C
h, = h, @ ; p. = 932.836 kg/m’
p, = 15576 kg/m’
= 48.656 {“W}

619.70 W/m™°C

Taking the thermal conductivity of Stainless Steel = 16 W/m’C

Stainless Steel Thickness =4 mm

| 4x1073 1
+ +
619.70 16 4650.8

i
U

U = 481 W/m*°C > 11723 .. OK.!

3



Vi

Mechanic Design

1) Tank : - Internal Design Pressure = 4.5 bars
- External Design Pressure = 5.5 bars

-Temp max = 150°C

Note : Normally, Design Pressure take as 10% above operating Pressure
(3x1.1 = 3.3 bars)
Internal : @T = 150°C, SS 304 Design stress = 130 N/mm’.
(Table 13.2 Chem. Eng. Vol. 6)

P;D;

2f — P,

For Cylinder (13.52) e =

Where; P, = int. Pressure = 4.5 bars = 0.45 N/mm?
D,

f = Design Stress (Table 13.2)

int. ~40cm = 0.4m = 0.4x10° mm

130 N/mm’

e = minimum thickness required

0.45x0.4x10°
2x130 — 0.45

0.6935 mm.

add corrosion allowance 2+ 0.6935 = 2.6935 mm.

Say 3 mmis O.K.!

Take wall thickness = 4 mm.

External : For jacketed vessels.
max. pressure difference (occur when we loss pressure intake) = full jacket pressure

= 5.5 bars

. 3

For short closed vessel : P. = kKE|— | ;
DO

Where; K, = function of ¢ and thickness (Fig 13.16)

E = Yong’'s modulus

t = wall thickness

B external diameter



Vii

’

D
N — ay —2

D, t

where; L' =

effective length

t = Letitabout4 mm.

L' 95 D 400
— = 2 =2375 : 2 = = -100
D, 40

t 4
From Fig 13.16 , K_ (collapse coeff.) ~ 12

@T150 C, E (stainless) =

186.85 kN/mm’ = 1.8685x10" N/m”
AN
P, = 12x1.8685x10“(—j
400

= 22422 x 10°N/m’ = 22.422 bars **** Q.K!

2) Jacket : - Internal Desigh Pressure = 5.5 bars
- Temp max = 150°C

Take Data from Tank calalulation

P.D.
as _ 171
2f — P.
1
Where; Pi =

5.5 bars =0.55 N/mm2

Di = 45¢cm. = 0.45m =0.45x 10> mm.
F = 130 N/mm’

0.55%0.45x10°
2x130 - 0.55

= 0.9539 mm.
Add corrosion allonance 2+0.9539 = 2.9539 mm

Say 3 mm is OK ! But take 4mm as Tank thickness



viii

Motor Power Consumption.

Dt =40 cm.

Da = (20.5Dt) = 20-30 cm.
H = 80-100 cm.

J =4cm.

E =0.5Dt+4 = (20+4) cm.
W =8cm.

L =64cm.

For Baffled Tank : Fig 9.12 Unit Operation (McCabe) W1 250
The corresponding shape Factor.
S, = Da/Dt = 30/40 =0.75
, = E/Dt = 24/40=0.60
= L/Da = 6.4/30 =0.2133
J/IDt = 8/30 =0.2667
= H/Dt = 4/40 =0.10

w v v v On
[l

= H/Dt = 90/40 =2.25

Agitator Type= Flat Blade Disc Turbine (just for calculation)
In baffled tank, where the flow is fully turbulent the power number is independent on
Re and viscosity is not a factor

Then Np = K, (Table 9.3 Unit #%in 254)

o KTN’D3p

gc

Where;K; = Magnitudes of constant = 5.75

300 _
Agitator speed = 300rpm = — =58 !

60
Da = Agitator diametor = 30 cm. = 1ft.

N

P = Lig solution density
=1.3 g/cm3
= 1300 kg/m’ = 81.17 Ilbm/ft’



Note : PH,O = 1000 kg/m’

Pegg = 1200 — 1300 kg/m’

5.75x5° x1° x81.17 ft— by
P = =1813.52
32.17
= B2 945868 ~ 2500 W
0.7376
= 3.3hp

ft—Iby
S

912.7 W

Note if Da=25cm = 0.8202f , P= 673.2
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(A 100-liter fermenter with accessory)
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