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How to Improve the Efficiency
of PVC Polymerizers

UEYEHER HRE—
Toshio Shinkai

With the recent trend for the larger-sized fascilities of Polyvinyl Chloride Resin the capacity
of polymerizer has also increased, but this has brought about some problems to dissolve in
connection with the best removal of the heat generated by reaction. ‘

This paper describes how to improve the heat transfer efficiency and how to calculate
the stress for the inner jacket construction which is the most efficient in the heat transfer.
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Table 1 Improvement of heat transfer coefficient

Coeffi- |
cient ' Items Method
his Prevention of Application of electro-
scaling of polymer | polishing
Shape of internal parts
Cleaning of inner surface
hw Reduction of Adoption of high tensile
wallthickness strength steel
Improvement of jacket
ho Increase in velosity| construction
of cooling water
hos Prevention of Adoption of 3 layer
scaling and rusting | clad steel

Plating on inner surface

Electro - polishing

Mechanical surface finish
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Fig. 2 Comparison of surface {inish
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Fig. 3 Quik opening manhole
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O.D. of shell tank ¢ 3 694 um

1D. of shell jacket : 3 800 gm
\ Pitch of spiral baffle : 600 mn
\ Flow rate : Qkg/h
6000} \\ oo

0
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Film coefficient of outside vessel (kcal/m*hr'C)

Pressure drop per water pass length of 10 m (%n%/ 10m)

Gap hetween spiral baffle and vessel wall  (un)
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Fig. 4 Influence of the gap between spiral baffle and vessel wal
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shell by a load uniformly distributed along a circular
section

Do BREMPICHDINEY v 7 v PEETHESKIZ, &
AREEHCRWT, —BEEXNBEHTE L. —flE
LCETREABATES v 7 v MEODWTHEIMER TS
BAOREEHEFEY 2 v 2DRD h EAANCERE
Do
AENPCHERERT 5 L RS » 7 v MiE, £9
B LOERFIEZENFNEEEE LTERL, Wik
BERIFLEDRBNAT YR EFRSTWD EEZ B,

(1) RERACIEHETHRE N U TR Le— S0 HE

Fr kg/mm 2435 & %, HERBRMAEROREIRO
EFAEN w mm EEFHEE— 2~ b Mg kg-mm,
BAERE~AY b M(a kg-mm B L O EHREh Nxo kg
W TRE B,

= Fr
w=ggp ¢
Fi

Me=—%

M,=vM,
Etrw
ar

$(pz)

o= —

(Y
(Y

31—
ar?.te2
E t.8
12(1—,2)
o(Bz) =e~#*(cospz+sinfz)
o (Bx) =e #=(cospz—sinfz)

o=

D=

TEREDLINDZEELRD, 2O EXDAM), (6), 6
BLUOMEFBLT, ETROHEEARALT, ZhEh
FKaE Fr OBFKE LThHBbIND,

w=0.101 Fy (8)

¢=588 Fr (9)
M,=17.64 Fy (1)
N,=—25.88 Fy i)

ZDEx, oo kg/mm2, ¢, kg/mm?2, o, kg/mm?2 %
FNENEFFAMTISH, ARG, BrFaES

HeThE
ae—% = ti\;% (&)
o= 1\%[? - ti\g% 3
oom=-1 i
LB
@) MR

HUBIEERAE & L CRpRBEROAE L E 2 bR, &
AR LOCABY + 7o PEDVORF Fr XU Fr ik
H—BOHRELXRTHEEERL TCOVE-Tnde &0
EEFROHDLOEEE 1 KR D¥ERFAOERM wl) ik
RDEERY B,

w(r)= —vezr+IWTHu_—F2) {—F—J a:?
[(1—21))1‘-!- af] Fr a2 [(1 2)r 4.4 ]} ®

ZZT &z &imjiﬁv‘f&f?%& 7:(:50
—% [ F Fr
=E (a2 —a12)( a— —¢ ar

)

24

g7 7y 7 —E#H

Vol. 32 No. 8 (1988/12)



| ®2%

2 7@ 2 2

? | 0G0 | 1l | 18D Tk, e, gea),
.0.2 | 5,000 @ 0.0068 | 0.100 28(2a) DB

0.4 | 2.502 | 0.0268 | 0.200 Table 2

0.6 1.674 0. 0601 0. 300 Value of the function
0.8 | 1.267 | 0.1065 | 0.400 .

11(2a), x2(2a) and

1.0 | 1.033 | 0.1670 | 0.500 5(2a)

1.2 | 0.890 | 0.2370 | 0.596

1.4 | 0.803 | 0.3170 | 0.689

1.6 | 0.755 | 0.4080 ' 0.775

1.8 | 0.735 | 0.5050 | 0.855

2.0 | 0.738 | 0.6000 | 0.925
zsf&wz\amm 1.045

3.0 | 0.893 | 0.9770 | 1.090

3.5 | 0.966 , 1.0500 | 1.085

4.0 © 1005 & 1.0580 , 1.050

45 | 1.017 | 1.0400 | 1.027

5.0 Lm7|1mm|10%
EXEAW, ABRBLOCNRRBITHEN wr LD wr

i, r=ar BLO ar ZRALTRDDHZ EMRTE B,
Ei, ZORROFEEGHE UTEEEFHIG D okg/

mm?, ¥ XOEFEIGS okg/mm?2 1k
__k2/R2-1 F; k2-k2/R2_ Fr
Or=-— k2 1 N K2_1 £ (1)
o ¥2/R2+1 | By k24+Kk?/R2  Fr ©
ka1 t kz-1 t
7ofEL B
k=ap/ar , R=r/a;
L35,

(8) WEY » 7 v FIEDWT

RS & 7 v MINERZ -HEIRTH 5 B8/
¥y FTY ¥ 7IROECTREEF L, REIRE LR EHTH
FTEIEERE 5T,

FEHP, HURBRARMERT AR Fi 8IUEA w;
L+hHE

W= Wi 19
_ 1 x2*Ca) _ Ets,

Fip [Xl (2a) 2 O } R 19

Me=575 ,82 ®-—= wJ) 22(2a) e

Mp =yMp (4]

3(1—y2) DT

72U 1 y2s q8 1R 2a’—~

F2RICLB
_4/3(1—v2) & R
g1 p=if30200 ena

o¢ kg/mm?2, g, kg/mm?2, gn kg/mm?2 3 FNENEFSH
MRS, BAREISS, ERhETRE

M. _ Mg

14 :7— 67276* (22)

_ M, _ vM,
Gp= ZSD - th/G (23)
@9

&.73:50
EIR A TR p RT3 TE

M= —2Dp2(Cycospz coshpz—Cysinpz sinhpz) ¢
M,=vM, : )

E‘“J w;)+Cysingz sinhfz
J

w=—ws — g
+Cycospz coshfz @

L, BERMIENEN

M, _ M,
A S Y ) @
. Mw — VMe
Gp = 7z - th/G (2
on=E- @y &}
] ajy .
Yookl W)
_ aJ2 _Et; | sina cosha—cosa sinhg
Cl’— (P ajy ws) coshe sinha+sina cosc
Cz— (P— Et; wy) COSX cosha+sina coshe

ay cosha sinha+sina cosa

R(8), 19, YEFE L IETENED BN, WO
EHicRAWbND,
F;=7.02 kg/mm, w;=0.56 mm
Fp=5.48 kg/mm, wr=0.55 mm
() HOEH
AR, R, PR v 7 v MRORES I EREHI
FEIRKCELD D, BRBARTOREFHAEIGT omk
/mm2 X

TIaT .P (,.
72‘ {(ZaT+tT)tT+2(aJ+tJ)tJ} ¢

ELTRD HOEEMEEHFEE LT, FRESE:?
(FEM) R XAEHENLESTH D08, EARFETES
T3t HERAREORERFNICHE S UEDEHALE L
X, RAEBCTHAHQCENEETHLELDND,
AVRYY g F N sy FYEFERTRES, Z2TCL
S ARFIAIMEAERE & 50 [BEY X OFERIC &
o EZDRTIX
PDi+1.2Pt 14x3360+1.2x14x22

0= ot T ex:xl0 - L08ke/mu

LR YRGB (EEVE) OREX 22 mm BEETE B,
HoT, WY » 7 v v 2ERTHEE, GEEOESE
Eix 22 mm 25 9 mm EXBRBPTEBZ Leh
UEOHELSRITAE o

2. 3 R&y—, REHHLE
RENECARIKIC L DR~ Y v 7 2REN ST
BMERT DN, BAREEINL, R
EEMEREETORERDV DI b 75 v FEILEH
DIE NS HIEEEINER BN Y EINED 2 Y »
"L AWBND, LAL, Yoy FEANKRESN (
7 v FHIORH) ThHdBHKC L BENDOHEEI
Bl be

Vol. 32 No. 3 (1988/12)

MW7 7Y FS —H#E

[N



B3I K AR~ POIRHE
Table 3 Stress table of inner jacket

Longitudinal stress Circumferential stress
kg/mm?2 ) kg/mm?
Attached Middle portion Attgchedf Middle. portion
portion of between portion o between
pa;lt:éleon partition plates p a;f;leon partition pletes
Shell tank |
Bending | 3.99¢2 — 1.2009 | -
Membrane{  3.80GD|  3.808D | 64500  —
Total 7.99 — 765 | -
Shell i 3
inner jacket t ‘
Bending | 3.092 152 | 0,93 (.46
Membrane; 3. 801D 3.806D 6. 669 6. 6860
Total 6. 89 5.32 i 7.59 | 7.14

Note : Epuation No. for stress calculation shown in ( ).

Cladding material B Base metal
“ Cladding material
%
Inside Outside

$£8R 38r7vy V@l
Fig. 8 3 layer clad steel

2.3 1 375y FfioER

3B7 7y FERIXBIRILRT L 5 KEHOHAIAE X 7
YURERE LT —~VEERELUTEWE LS DTH B HNE
DS IETHAE 2 R DD 1.5~3 mm BEDE
TRUBEETHEEGNZVWER, AEHOGEHEFORY
F O EXRZELET 0.5~1 mm BEXEWLN S,
3B/ 7y FHIEPVCELSER X OEBEEMET LS
DRETHHN, A7 vANNIKRER L B L TE
EMEREG B, S (RF VR IITEXBANMED
HEL T2 00MEBMEOHBITZIL Do
2. 3.2 #vxOET

BHK OFGE % B bz THIEd 255k & LTCRIE
DIBZ Ty FEROBBEDIING, Yeiy FREK A v
XFEMET MBI TL D, RO WRE R A v ¥ B%
BOHIDBERA v FBIC LD NI 2y 3 REF BB,
NifxvaEGLt o XRCREDABRF PI VA RE
DETHEBEAZE 00~100 *CLBEEH L AN DK Y
ERTHIECIVEB NI N ETHD EEREA o *
M ARERRCR LT OB O A TH—RBEENRES
N, ¥, BEREDBENTEDLD, BEEDY + 7
v FEHAD 2 v X BETCETH5HETH b0 A v FHIT
TR

HET 7 At —| B —| Kl — B

—| K |— - A —| KO

ThBMN, TRk vy %BrE-D00E (EihiExk)
MEETH A0, BRE~D 2 v ¥ BT ESKE
Bo

B4R CEARBIER

Table 4 Comparison of heat transfer coefficient

Conventional Improved type | Improved type
type 4 ®)
Description Shell tank with | Shell tank of Inner jacket
spiral baffle high tensile with Ni-plating
jacket strength. steel
and thin cladding|
Shell tank
Material Sus+spvae) | SUSHSEVEY | sus+spv3e)
Clad steel {3 layer clad steel Clad steel
Thickness (mm) 25(3+22) 19(1. 5-+17+0.5) 9(2+7)
Corrosion allowance
pa 1.0 0 0
Fouling resistance on
inside of shell: hia oo ) oo
kecal/m2hr°C
Film coefficient of fluid
inside shell: hi 2850 2850 2850
kcal/m2hr°C
Resistance of el yoC: 1400 1800 3310
Film coefficient of fluid
outside shell : ho 4000 4000 4000
keal/m2hr°C
Fouling resistance on
outside of shell : hos 2500 10000 10 000
keal/m2hr°C
Overall heat_transfer
coefficient: U 583 796 997
kcal/m2hr°C
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(BEXE)

1) #g7 7 v F7~538, Vol. 24, No.2 (1980), p. 8~p. 13

2) S. Timoschenko ‘“Theory of Plates and Shells”’ McGraw-
Hill (1940) Chapter XI.
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