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vessel 2] & 7]' thekal jackets A 6F7] A, wigl 3Pzl A e FFHE Frolof ek E AFelM = Aitadoel
T ZF‘T? WZIA S FH28)817] 8 computational fluid dynamics (CFD)E ©]-8-3F9] jacket &l wh& ¥ ZA1ZH
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jacketo] 60% spiral baffleS A X|3ke] W7t FA ol o] g3k A9 WZIAZFS 80.4%, ZFAAIZHE 25.1% W& 7}53ho)

Abstract

Blending process of adhesive production has a cooling process to cool down the temperature of the solution which was heated
up to 76 C with a mineral insulated (MI) cable by 30 C at room temperature. Using a MI cable in the adhesive production
process makes the production inefficient because it takes about 10 h for the cooling process. If a jacketed vessel is used instead
of the MI cable, it would shorten the cooling downtime without any additional cooling system by using cold water. However,
there are various types of jacketed vessels, and thus the most suitable type should be found before set up. In this study, we designed
the optimized jacketed vessel for the adhesive production process by calculating the cooling downtime, which impacts production
efficiency, as a function of the jacket types using computational fluid dynamics. As a result, the cooling performance of the plain
jacket was 32.7% superior to that of the half-pipe coil jacket with the same height. In addition, the plain jacket with 60% spiral

Optimization of Plain Jacked Vessel Design in Adhesive Production Process Using

baffle reduced the cooling downtime and operating time by 80.4% and 25.1%, respectively.
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Figure 1. Geometry of jackets (a) half-pipe coil jacket, (b) dimple
jacket, (c) plain jacket.
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Jacketed vesselo] & W71 7tAabAv WAsy] flste] 9]l
g w3le) o] 88 FA7F L2 jacketS A% WESVIE, LR <l
sk FAIRE 21 YAAIREO R s AAEE A wAlE aEoE
A = A5, JacketS ©]-83HH steam™} W2 BFE o] 83
T o] MRl WZPA|7F o glon, 3 %71 MI cableol| H]
3 W7] wjFel AT AufH o Z ol 6]. Jacketed vessel
o] AF8-%]i= jacket®] FH-=E= ZA half-pipe coil jacket, dimple jack-
et, plain jacket®] 1™, Figure 1°] ZZ}9] F7F9} 725 IO R
YEPATH7]. Half-pipe coil jacket> WES-7] ¢JF-of yjo]ZE LAl
o7 ol RAbto] mho]x o] fAIg} RSV I7F 4 wEE she
jacketo]t}. 2 ¢t F& 129 HES7]o) ARE3l, wo]| Ly} 87
=HoJQlo] T jacketell H]3l] Adx|n]go] AHsirk= o] itk
Dimple jacket:> $F> & ©]835}0] THE jacket>E, dimple®] & I
3 W3S HETo] A wdt ol ety 12l jackets 37l
Age ) A4 FAE ARESlof sl gk WO R o]FojA] glo]
S Zx0] 7R ©o] Itk Plain jacket< jacketd] 7] Rdl
= traditional jacket == conventional jacketo]2} % E-2]H, WF§7]
A 2 AFEE jacket O Go] HFS7]9) jacket AF0lo] F-AI7F <
oS Fall A wES sl Jvk 2 ALEC] vV 18t W]
of ARg-SITE. SHAIE plain jacket®] ¢ A7 w719k m=A 4
W3S Sk xate] W7k afo] Ak wAle] ok ¥ &
Aste] BAE | Ast7] $ldlbaffle jacketo] 7HLE =1, plain jack-
eto] baffles Ao 2N FA9 58S /Alste] EAIE T
St} tIEA Q] A Z spiral baffle jacket= 5 5= U=Hl, ©] jacket-
plain jacketoll LFA&(spiral) 9] baffles Z-gA171 Rdg Y72 7
AZ jacket HAlo] T2/ €S ZH plain jacketd] A5S T
T ATHSI.

Baffleo|& 412 55 Waleh= 21ool2, dushy] o] A
55 Azl Al ARESISITHI]. Baffle 3] Wil wel dw
3719 des WIANE F glen, A A9t Eie) X gl
t}. Rabat t3h2] Ghandourit= baffle H]&el w2 Angr12] 45
A5l shell and tube F13H7]+= baffle AF0]2] FZ 3} baffle cut
T2 2AF wet 4 w3 o] dEixithe 3 ERlsglTh10].
# baffle®] YElE o83t 18 3(ring) baffle |3} jacketed
vesselo] 7IE o™ AE-O] w5-7] #A|Z 3]A} Glaskelle: 1183
baffles o]&3to] §H37]E 20 CellA -60 T7HA] W2 sl AlRES
35% wEEAUH11]. ©]A ¥ baffleo] W & w3k A5 Ao ot
ATE FelelA siAl X8= I 9l om, baffled] @l Tl
T oYl ATERNE ATHATH10-12].

Jacketed vessels M &gl ©]8-31H hot spot A4 =A<} 71 W
ZhAZEe R Qs A &8 A wAE A E o vk 2y ¥
BI= jacket®] F5-8 baffle] ol whet bR 7] witel|, jacket
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Figure 2. Schematic process flowsheet of adhesive production process.

Aee  oj" FF/Y jacketo] 71 HH Y W a&E 2=A
T7F Basteh8]. Ml 7FA1 9] jacket S (half-pipe coil, dimple, plain)
dimple jacket®] 749 1%}, 1&59 AR WZFE o] k= 7Y
A A oll= ARE-SE = gloh wheba] 2 ARl X jacket &
ol W& AAE At 349 45 B71sk7] 9130 half-pipe coil
jacket®} plain jacket= Z}Z} CFD (computational fluid dynamics) 7%
< Foll 229 SI3ITk Jacket Froll e W7t Al7RE H|W S F plain
jacket®] TS FRleta, HA3E e AlATE AT

1o ofN 2 o
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AEAL AHARE 2l 2ds PR el ssdel 9
or R S S FHshs 2s <A Froletal Ash] v
o] duba| o iate] ARgehAlE otk efu ARl 24
o] 52delA of#f Aolddge] EARE 53] AHA = Agto] A2
sh argld el WA ANt A HA = AlRto] Aol we 218}
ool WAsk, HAA] A 2t 2345 YT F4Y
s, BAA a7l A A, 7 g eo) o] EAIR

CAFARE AR 2R 2d5E ARS] dlel HEAlS A
2 B A FAgellx o] e o] Ads] Featti13).
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S Figure 20 YeERSITE gl
toluene ™} IAEARFR|(A 4], A, oA 5)E oFR 12}
ANEE T8k, w7 S23 wRkS Jasi) 32 Wi o g 23}

ot & wp ko2 AFe 23S Al S4B HH S AKX
1 batch G ZFAIZS S 2 &3 20 h, W¥Z} 10 h, 7]E} 2AAZE
2 hO & & 32 ho] AL %)

2.2. CFD modeling

£ Aol 4= ANSYS Design ModelerS ©]-8-5}7 steel A1 200 L
S] AARA At Tl ARETL Qe A4S HESVI(Dy: 1,500
mm x Hp: 1,700 mm, F7: 50 mm)E A5} simulation®l] ©]£3}
SACHFigure 3(a)].

Aol ]2t jacket™} pipel] A2 steel, pipel] A5 A=
717} 120 mm, 10 mm= A7k Aol AHE-F jacket®] R+
half-pipe coil, plain - &57°]™ half-pipe coil jacket®] half-pipe <&
3} FA= pipe®t U5 120 mm, 10 mmE, coil®] Zol=37.7 m
2 d7gsigith

Half-pipe coil jacket¥} plain jacket®] JZtd5S Hlwshr] ¢l8ke]
& caseoll 3l jacket®] =°]E 1,256 mm, ¥-5-7]¢} jacketAlo] <)
AEE 60 mmE 2708 FUsHA AT W= =42 =4
o] oA Tt wEEi= closed system©]7] W&ol H740] &3]3}
+ WES71E modeling 319331, A4l 8312 opened system®]l dE=7]
ufitel] F7] fFo] EATHE FIHD,: 3,700 mm x W: 2,400 mm x
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Figure 3. Vessel geometry (a) vessel, (b) half-pipe coil jacketed
vessel, (c) plain jacketed vessel, (d) spiral baffle jacketed vessel.
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Figure 4. Detail geometry of jacketed vessel with 60% spiral baffle.
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Baffle AHdl 7eolli= W &baffle, 7= 10 mm= 2813tk

Baffle®] o] 942 mo]™ jacket¥} IZAE |9t} Baffle?] o]zt
Wigor e baffles AR Hg we] HolE on|sh,
geometry®l|X] WA2] 3|AGE 2081 2 A7ste] FEHSFSITE Baffle
B]&2 2] (DR AAFskaL, Figure 4] baffle B 60%2] jacket 1%
= HERIEL

Bafflett o] 72 o]

WFS 719} Jacket AFoTe] Al (60 mm) 10 (1)

Geometry 2] ZAKmesh) 43S 913l sizing function ©.F proximity
& curvature® ©]g-5kSl=tl, F A0l digt BARPE 93 prox-
imity grel 8 BAb A3e curvature FE £t AxE
sz grolr] witel AlrtAzle] 28 Heje Wile] glont
a3t g|4jo] 7hsslths Aol Qti14]. ¥ AFelAE Fdo] Wl
baffle F717} 10 mm<?] geometryE AH-3F2 = proximity & curvature
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Table 1. The Number of Meshes by Vessel Type

Number of nodes Number of elements

(a) 394,434 1,275,494

(b) 368,300 1,469,436

(©) 414,448 1,455,245

(d) 596,722 2,214,524

Table 2. Case Study

Case Vessel type Figure
1 Vessel Figure 3(a)
2 Half-pipe coil jacketed vessel Figure 3(b)
3 Plain jacketed vessel Figure 3(c)
4 10% spiral baffle jacketed vessel
5 20% spiral baffle jacketed vessel
6 30% spiral baffle jacketed vessel
7 40% spiral baffle jacketed vessel

Figure 3(d)

8 50% spiral baffle jacketed vessel
9 60% spiral baffle jacketed vessel

—_
S

70% spiral baffle jacketed vessel

—
—_

80% spiral baffle jacketed vessel

§h Abgo] AshH, Figure 3¢ thet vessel &5 8 AAT5 Table
Lol YERASITE

Geometry AAFE] Az} AAA71A] F 11719 caseell T3l CFD mod-
elings 53 3F3{tHTable 2). Casel.J As} e w719 WAAIE
I EEE Felo] RS AL, W w0l o 9k vessel F
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ol W35 HuskE 9st 245 baffle v[&S 371 918 spiral
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el g o) 2Ti18,19].
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Table 3. Simulation Conditions

Table 4. Simulation Result of Fluid Temperature at 10 h

Domain Value Real temperature Simulation temperature
Air Temperature 25 C At 10 h 30 C 28 C
Inlet velocity 0.06 m/s Error 6.7%
Temperature 25 C
Cold water
Inlet velocity 0.5 m/s Temperature[*C]
Fluid (toluene)
Jacket Initial temperature 76 C
Vessel
233. HF 25 oHX ZEA "
o o 1\ o @ @
z(pujk) - Z(“"‘;)g"‘“z G—pe 4 Figure 5. Cross section in the initial condition (a) case 2, (b) case 3
U [ op—y a7] whie] WAl e B A9 gl $4E muw
Tessic
- (pu. 0 g(%*%)%* Sy %) 2.5. Validation
' ' ' Validation=> computer simulation model 7} oA Al 4=
4 @ Age) washe gez gt Ag Agw e o SRE BRI A ) v
% A% nE WA Ee el ugAloleka BT pe U T (ztloni &3l simulation 2 ¥}-} J‘L XJZE:HO]/?E}J H &
o A s P e s w0 o pS 5 B4 CFD a4 A9kE AdE 5 EA 4F2 5+ Ao
S AR SPlETh 8,8 Al A A4S AR BAR, oL e 0 lonleel el A 2
AR Sl Al didte] F Aol WEFE U 4 ) g9 vlojele] s validationS AFFHAE W37] 9% FA17} 05
eI =49 REs VIEshs WA SR, ) pot st ¥ m/sE B2 F700A jacketo] §13L, toluenes %13 vessel (-571)
o s tmor SVIORS 7% L Sk S8 ASIA DL g pauget ek w4 1009 B 2% sinion
AL ellal] sk stress tensor W3F W Aol IR g awk whgo] U Y] L of 28 T ﬁl*Pﬂ%‘PU% 214 o)
AE 18 PS W FA12 T SEEe] BREAL A @)} 5= olE]Ql 309} 2 T2 x}o]& H.SIUKTable 4). Validations 9]3 2.4}

oL
>

3 52 3 standard k-epsilon model®l] AHE-%& W24 E0]tH20,21].
714 ki I &% IR (turbulent kinetic energy), e= WY A
AFEE(rate of dissipation)& 2|7]8}3, 09} P& Prandtl number, CS}
ui et £EE S8t 4, (turbulent viscosity)= Thar®h 72o] 9
9] AeflA £EH k9 & B3l 2 (6)el g3l Alate] HArt. Standard
k-epsilon model:> € -9} §1AZol| oJgt 2 g3t FAIE 7Y
sk A8 A 2doly] wiitel] ¢ Wi Sl disiARE fastch

W = l)0§ (6)

2.4. Simulation =71 HX

CFD simulationg 913l /4320 W7 3749 255 o] 8318l
o 2A] 9E87] U] B2 toluened} o] IEAFEA|Z o] 5o
QA4 simulation®l] A1 €791 toluenes HEEZHZ AEEto] Y
2y NS ERIEHITE R 7]e] %= 25 T, inlet ve10c1ty# +
Ag 2719 321 25 mYminol Y50} 0.06 mis®E A5 W
ZbpE 2% 25 T, inlet velocityt= % 0.339 m*/min®l| 3| &-3] }—— 0.5
m/s 2 2433t Table 3). Table 39 S8 A3 cases 29} 3
o] ©hH ARRS- Figure 5ol YERSITEH
0]% fluid?] AH52% 76 TolA HFX2%E 30 T/ Egshet] 4

WA M-S B st an, WZAZE dEo] W25 e o]

Foll tigk 2 ()& olgsto] Al SImulatlonEk I R = |
bkt x o AAGS oulske, X, S simulationS E3)

Axke ks oJu)git). AXFAIh= 6.7%= simulation®]] th3F 2124
< FHEh

o _ |AXN”]7*X2 u,la,m',nn|
Error (%) = ——< - wlfion] 5 100 ™

real
3. Z2n} & nF

=

3.1. Jacket ZFH simulation

WA HEE7] Ui A 9] HEL X7} 76 CTolld 30 T7HA
Tdsl= g dele Ao R gosision, 17P°ﬂ e 2=EHs)
1= Figure 60 YERAATE 22122 /82 M2 15 U

ER O, plain jacket®] half-pipe coil jacketol] B3l & F3toll A 7]&
717 AX BAEEY wEE ﬁolo}‘ﬁ‘:}

Simulation 2221 jacket T4 YZHAIZH Table 5ol YERIITE
Table 5°] WYZ}A|7HS 8] aHA plain jacket®] YZAIZFO] 7,208 s&
half-pipe coil jacket®] *JZtAIZF 10,714 sEt} 32.7% ZSich & A+
oA WZARE At W5 e S QWS plain jacket
©] half-pipe coil jacket®t} YZHd50] 32.7% o -3tk

Figure 7°1 plain jacket WF JZ}5=2] stream lines #4]3 A3},
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Table 5. Cooling Downtime of cases 2 and 3

Jacket type Cooling downtime (s)
Case 2 (half-pipe coil jacket) 10,714
Case 3 (plain jacket) 7,208

Temperature of the fluid (
w b b

v o un

/

/

[
wn|o
.
|
|
I
N

0 0.5 1 1.5 2 25 3
Time (hr)
Case2(half-pipe coil jacket) —Case3(plain jacket)
—Casel (vessel) —Target temp

Figure 6. Cooling down graph of cases 2 and 3.

Velocity (m/s)
25

15 Dead zone

Dead zone

~

Cold water Outlet

Cold water Outlet
i Y

2 A X -

Figure 7. Stream line of cold water in the plain jacket.

WZ44=2] 55 0] ¢l dead zone®] =AI3}7] Wikl plain jacket2] 7
9, W2 ) 9 A9 F wEke s Eahs BAHo] L
. Dead zone?| W74+ ThE $1X1 8] fAloll B]3) dtZ o= a0
17] W] jacket®] & W8 A AN WAAREE FAM
712, jacketd] W2 TS AL jacket V-] FA] BE
< QAdsiok Sk webA baffle A5 E3 F419) stream line S %
Aajol, W7k} wkgY) S RIS F wES 3P plain jacket]

WYES WA 5 ok

;O

3.2. Baffle H|E0 [}2 simulation
Baffle H-&o|& 419 57} W4 Z bafflec] 2|k W4& 9
v]sit}l Awgkr]ol AREEE= baffle baffle B]&0] 4% dusly
9 4 wg FE&E TP ZoE LEA ud24]. E3, shell
and tube 37014 bafflel] v]Eo] F7FskA MA|7} jacket YIF
of AF3ts Algto] dojx|an, F-2AQl Wi AR d i %
o] BTy,

181} scale©] O 2 jacket®] 7%, baffle?] H]E0] XU A A
A Y24o] AFAIke] dojHef we) AlFshs W] 57t
Algto] A5 Frtstal, A= RV 9} Wkre] 2EAo|(AT)7}F
Aaste] d Wk 5ol skl "k wERA baffles jacketol]
SN A, 9459 75 T 9 226l wEt baffle®] PEFEo|

3sst ® 31 A A 6 =, 2020

2.01

case3

1.99

1.98

1.97

Cooling downtime (hr)

1.96 case9

1.95
0 10 20 30 40 50 60 70 80
Baffle ratio (%)

Figure 8. Cooling downtime according to baffle ratio.

0 0.5 1 1.5 2 25 3
Time (hr)

Case9(60% spiral baffle jacket) ~—Casel(vessel) ~—Target temp

Figure 9. Cooling down graph of casel and case 9.

kA7) wel jackete] B w3 Aee Hoskelr] A= AL
A gl At HA Y baffle H-&S Ztofo} it}

Baffle?] H]&oll WS} FHA ¥-37] U QA2 %71 76 Tl
A 30 T7HA W2hE s el A= ARES simulations F3l 213k
S THFigure 8). Figure 8 122 S X baffle HE0] S715to
wg}l WzkAzre] 7HAaEth), baffle B1E0] 30%91 A H(case 6)3}
60%2] A5 (case 9)y= A W2 |ZIo] A TR s 81
5= Utk 28 case 7 O] 9ol baffle H|Eoll wE} WZkAIzko] 7F
Aoz A gFo] thAl UEFLEAIRE, case 9 ©]F-ol= baffle HIE°] 57
Sholl wpe} WZAgto] Frhit) wheba /32 B2ha7g of] baffle
Z0]7} 94.2 m?] spiral baffle jackets A3 79, baffle B]E-2> 80%
7} obd 60%= AdAslloF WAAIRRE: HAs) 8 5= §lth =, plain jacket
o] W5 AR A7) 213 HA 9] baffle BlE-2 60%C]T

Baffle H] &= #2]3}3F 60% spiral baffle jacket= /7 24| A4k
7ol A83to] CFDE S8l WAAIRMS Atskal(Figure 9), A3kl

2 vessel UHluid®] =55 &I THFigure 10). 3= ¥7+-&
et 75 Hele 30 T7HA Y26k dlell 10 ho] A% W
™, 60% spiral baffle jacket ©]-8-3 7-¢- WZtAto] 1.96 gAQ %
t}. uj2bA] spiral baffle jacketS /7 2#] AAE B2l o]g-shd Wizt
AZHS 80.4% wHEEE = Qltk

0|

3.3, MAK ShA
AAEA A T30 APAIZE vhe7] A, 28 5] Al
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Figure 10. Cross section at different simulation time (a) case 1, (b)
case 9.

M 625 (a)
R
7 ()
[30]
z

A LBkl 1 batch™d 32 ho] 22Tk 60% spiral baffle jacketed vessel
& 34 e A, YZARES 10 holA 196 how 953
A7) e, AFABAE 218k AT 32 hellA] 23.96 hO. & 7]&
378 M) 25.1%2] AAAAIRES: ©EE 5 Qlrk AAAARE Dl wt
2 AGQAIRE O] o B2 AES A 5= Q7] whitell, jacketed
vesseld HZA3sLE Tl A ) a9E Vg & 4 Qlth

7
€
o

4.

M

=
—

2 AN A A 3 T B Ak HAas)
Bl jacketed vessel &S A|A|S}aL, spiral baffle jacketd] ‘dZ1d%
< HUE FFA717] S8 baffle HE] HH3E zysH3ih

34 02 ARE-8= half-pipe coil jacketZ} plain jacket F+ &<
jacketell tiall /g2t vig 34 2308 o] gate] AA LEENE
53 257 Edshe el deje Al vlastglon, WAk
< A7) S8 28 CFD 2232 E9o{Ql ANSYS FLUENTE ©o]&
sk3Itt. Simulation®] A E/YE #0]7] 18] g2 WZAIRE HolEE
AHE3O] validationS F13aF31L, A wlo]E] 9} LAFE-L 6.7% %
AXF= AT Simulation 23} half-pipe coil jacket¥} plain jacket &
plain jacket®] WZHr7bo] 32.7% U ZE7] wiitel, WZEg o) Azt
& FHAslel7] 913 jacketed vessel2] 22 plain jacket®] A E3ir)
ST, plain jacket®] WZ57F #H87] 95 AA9 4 WS 81
Sk wgo] 9171 Wi, plain jacketd] A A 4 s S
$13l baffles 4|8t spiral baffle jacketS i 573l 283k case
study S X133
Spiral baffle jacket®] Y75 baffle?] H]&ol ulgl deixivh
wE]ell AHESh= baffle®] 73-¢- baffle®] H]&o] S5 & wg
§0] =X|7, spiral baffle jacket®] 739 baffle®] H|&o] T715ho]
wel A wik g&o] A4S ko] EAI%) Case studys &3l
baffle ¥]&ol wHE WYZAAREE vl A baffle &0l S7F]
whe} Yzhalgko] 7HAaslolAI N, baffle HIE0] 60% ©1/de] 3t A
= WZhAITRo] S718FSITE Case study©ll ARE-SF baffle A ©]7}F 942 m
2l spiral baffle jacket- baffle H] &S 60%%E 483 u] Y75
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