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ABSTRACT

This paper presents an upgrading cooling system to minimize the energy costs based on
the energy saving. The proposed technique uses a Plate-and-Frame Heat Exchanger to replace the
traditional Worm Cooler. The performances of the propesed upgrading were observed using a
cooling system of the composite plant in Thailand as an illustrative case study. The experimental
results demonstrating the saving in energy costs and some economic benefits of the proposed

technique are in¢luded.
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511 2.8 nsmluamamsnlfsunlasussguugives Inadie Ivanuuaaumany

y lﬂ‘ o 1 1 =) at 1 y
iioaninithyll ldnnfsesmuasanuianauegumgl tazeasIMsmemAuSoN
3 g = o :;s} Y 1 o [} nc; 1 o
Tasounguiianua Sasuiluiidosanisundonauuand v sguuila Inaruglnsel
4 H 1 1 at =y QJ
panilasunnudou Mldaiuisofeiuin 1aa 095553087 (Manual) @ IUaNUs5e NS
[ 9 =Y 9 A d‘r a o o o <t 19
MsteMANNTOUTIN (U) dunsonnsanlannshaaeaiurmduiavosgunsaliana/fouanuiou
ar 5 ad 3 o =
ms vauuuaumamaiy gamgiiivislil Drop) seninmemvesgUnseiian/aaunruien
' ¥ 3 I '
femaanuinnlunssiveans auuumudy - datununm lumsoromanyTousziinneh
TndiRvaiuaaen - wanvniims mauLEIUN AN TgUMNN1NODNYBIVBI LA FaNA NS0
{ a 1 1 a = adp o4 1} A ' "
MzAnsanldimisonigaunniiniesnyesvedlnamy  Audaduinnivesminnuieu
i o = [~ -
¥09v09 Inaseumusanazgngadugangimutvesved Ivadula  Smwgunlond
1 3 t:!'. s t:i 9/ o Yt v o da A a  w (o’)’
mniuiglnssivani/asunnudeugnialiiims lnatuumuiusaiunae  Wendadamiiy
1 ] (- a =1 [~ a w 1
fianuoeulng (Sensitive) AomsnlfsnlasgampiioiesaGy mauanfogunginise g
A v
diodlums Ivanuua iy
[ A =) " 1 =Y l:i o d’ 9}
MLMTD %30 AT,,, fio shamunandsnsgemalmasussgunsaiann/deuanusou

)
dmsums mavuumunu uazn1s Mainvaaunaiie Idaumsaane 1

1. ﬂ'l‘ﬂ‘l"iill!ﬂ‘llﬁ?uﬂﬂﬁ’u

Tiin - Tout) —(Tout — T,in
AT = 1 2 1 2
o 1 (Tlin—Tzout)
. (T,out —Tzz'n)

(2.16)



15

2. M3 InanuumuTY

N (Tin - Tin) - (T,out - T,out)
In (Tin - T,in)
(Tout — Tyout)

(2.17)

AT,

Taof
Tl’ = Ths T2: TC

a g/ 3 I~ o o
Trins Toin = QilmJ;pJm\mn“um‘um"lwmauua:wu RV RICHY]

a o o W
Trous Tooww = Qmﬁgumdﬂﬂﬂ‘vﬂwE)Ghlﬂﬁ%’ﬂmm::wu AR

2.3.2.3 MSOENANNIOUIZHIINUD M v

' ¥
dmsu PHE wiimanuiougado h/Iudunedemiosnn 1% aniulumsdmon
J g/ a 1 9/ 9 a 3 3/ g
amuanuSouannsadanamnnuiougadld Taofasanldmanusounnveslvaion
a = 1 | 1 9/ d.l Yar :i =1
fgom liaglaumiumnaudounlasunves lnaou

aanusounadllTavveslvasaudiuaaldain

Ox =m Cy 4 (Tniin=Th, ow) (2.18)

] 9/ Ao =]
ﬂ']ﬂ'!'llﬁ'ﬂu‘ni‘uIﬂﬂ‘l]ﬂﬂklﬁmﬂu;

Qr =m Cp, d (Tc our L, J'rJ (2 1 9)

Taeh

O, 0. = 9A5IMsMANNToUNS D Inannnuion, W

m = 9ATIMS IWauID, ke/s
[ o <
Cyp. Cy .= Manmiousumizuosves lnafou uazves Inaby, JkgC

e lifinsansanuieuiigadslludunedouss 1d

On= O
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'ﬁ?ﬂ Qh = ’;1 Cp, h (Th r'n'Th, ouz) = Qc =m Cp, c (Tc out~4d ¢, in) (2-20)

[YR-7) ¢ &
23.2.4 anuFniusiugIuveImssemanuion

qoungil

A %
miiaTany

B
|
|
| R — -y

apa'lvn

Y
4palvn 2

e oo s i

TLIRAY e

[ o o o e e s s

¥
v dA

UM 2.9 anudiiusiugumssiamanuiou

izl 2.9 uaeegiinm (Profile) vegavgiiuaued trai naremislans
i v 1 3 1 ] a X =1
flauuuiluluisaesin dandulsybudasuvesnisiiy (Solid Wall) iiemalviiung
] = o ¥ ' ¥y oy
vouwavasHaufiuanims TnauvusuGey (mainawiow) damvesveslnandimde
Y 1 1 y 1 9/
AA 1ag 714921 BB azaglug ms mauvuiluthu mswmanuson)
Fenaniigndoemainamnans - sasajshfidmdegseninms manuus ey

y 1 = ' 1 P A ) < g/
paziuuiuthuazSondin “drunisnlfounilas” (Transition Zone) 1w ldIngUUY (Profile)

¥
=

yoaganninmzUi 2.9 Tasmssomanudeudwmismusadouiuaums dds

Q= UAAT,, (2.21)

Tagh
0= darimsmemanuiou v3e Inaannuiou, W

U= fulszansmstomanuiousiy, WmeC

4 4 ' 9 2
A= Wunlunsoemanuieu, m
AT, = ANULANAINYBIRUUNTITIADN
U s =) n'{ 1 — ar - ‘:\‘ ]
mdulszansmsmemanuiensiy (U) annsoiinssnnaulssansmsmemaniey

o d A % '
nuUNauRe? (Individual “film” Heat Transfer Coefficient) (u]uazaz) Lm:mmmﬁmmu



WP
FuinMoTyANaIs NssooNntAm &
|- MYANAN NI oaNIndmansYy

s

] H F4 ¥
msaremanudouluudazdmvesmia “Awn39”  (Fouling) MAATUUTURURITUAE
! 'ow a 1 4 1= 3/ a
ypamsmemanudeulasmdullszansmmomanuious e liimnnudmmuninia
=) v 1 = a’ a’n’.’ ” "
(Fouling) 93671 A1 U “ar£019” (“Clean” u-value) Halioin12791159% (Fouling Margin)

2259071 A1 U “1w593 70 (“Service” u-valve)
:iﬁl_{§}+& (2.22)

Taei

1 ar _y Q( 1
U = sdulszaninsmiemaiuiousiy, WmeC

T oW a e [ 9 1 '3 9
a= maudszansmsoromnus oun U ay, W/m™C
S= ANUNUIVDINNI, m
A= manunhinnuseauueanie, Wmec
R~ f1n2msun1un1293 (Fouling), m™C/W *

ay o as = 3 a‘g R
*nd ivhin1dvugunsaitmnnlasuaiudeunuy PHE sg a1 U IN3a1( U-Valve Margin) Ly

2.3.25 magadandnion

¥

msgaudsaudon T luFunadeunt ldvinaunisasiiie

Q loss = & Joss Aex.'- (THE"TSNH) (223)
Tagh
Oss= MANuougayde )/ ludainadon, w

o

[ a 1 " 4 i o a
Closs= MdITEANTMIMBIMANNSoUTz I NgUnTslanAsumuSeufudaadon, Win'C
¥

A A Y o a o o 9 2
= Wuﬂﬂu1ﬁ3JNﬁﬂ’]ﬂuaﬂ"llﬂ\?@ﬂﬂimuaﬂ!ﬂaﬂuﬂj’luiﬂu, m

3/

Aexs
T, = QUM IVDININTURANEUDN, °C

Tour = QUNYAVDIFUNAADY, °C

a W A =
2.3.2.6 MIPU@INAINHHINNIIUTEATIH

o A a4 A Y .. y o A
Wa\N']uﬂqtykﬁ&uﬂ\iﬂ'lﬂﬂ'ﬂuﬁ—luﬂ.lu (Friction Energy Loss) ‘H’]vlﬂﬂ'mfﬂ]ﬂ-ﬁ ANUHAD

O =2 AP (2.24)

60838
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Tagn

O = Manuiouianaufiosnnusudoaniu, w

m = ®AIINMT IMauIa, ke/s
p= MATUHUILUY, kg/m’

AP = usIaugds, Pa

d
2323 ﬂ1§ﬁ1ulmﬂ1ﬁiﬁuﬂﬁ$ﬁﬂ§ﬂ’l SOENANNITOUTIN (U)

a = dr_-lv @ o n’dy 1 A o y 9 o 1
°lu’mmuwuﬁumﬁmmmmwu'ﬁwugmmaq wmti‘luﬂaﬂ“ﬁﬂlumimmmm U

1 I 4
ez 1diveridlunuamalumsespuuumniy ualumed§iamsaaons U sziinnwdudou

1 ] dyd = Y o o 9/ o Ld
HagglamnuInnIyg ﬂﬂﬂﬂﬂuﬂﬂ@‘ﬂﬂ”lﬂﬂﬂﬁ'ﬂ']u?mﬂ?ﬂiﬂillﬂiﬂﬂ'ﬁ)ﬂ"ﬂ?lﬂﬂﬁ

Nu.Pr” = B. Re" (2.25)
Taoit

Nu = a.:th faauniaan (Nusselt Number) (2.26)

Re = % #avs Iuad (Reynolds Nurber) (2.27)

G = _Wis (2.28)

Pr =—C—%ﬁ AuauunsAa (Prandtl Number) (2.29)
Taoit

o =dulszAnimstomanydeumuildy, wim'ec
D, = Lf’f’uv&mﬁuﬁnmmﬁa"lﬂmﬁﬂ, m

A= manwihnnuden, wmec

G = Channel Mass Flux 139 A713153179, kg/m’s

M= mmwﬁm%awamﬁﬂ{ (Dynamic Viscosity), Pa.s

v ]
W =a71uNN9U0ULNUIWDN, m
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5 = ATUANVDIYDIA(Channel), m
c,=manuiousume, Jkg°C
S
y= WINFUVDI Pr
B = Haiduu0a31nsan1ausvingin (Geometry) 1ag Re

& @ a
n= i‘lanmummgﬂmamqgsmﬂmﬂ (Geometry) 119¥ Re

m = dRTINT lHanla, ke/s

Vinusa (Nusselt), LIN5UIAD (Prandtl) uazsaauis Tuadiduguaud ifwioe 2nnsm
1u§;ﬂﬁ 2.10 pFUBmIANNFURUTANUFNRUTYBY Re Nu Pr dmSudmanvesgnsanig
Adinvosginsaiuanaliounuiou (Heat Exchanger Geometries), PHE madiuauiiua
(Theta Channel) g9, NAW Lg¥ f1 HAZANEIND (A mduEgudnamenely = 100)
Funawoama PHE s insafionsanadaas s anuinimgn (Nusselt Number) tiagfia

U, U 1 1 :{ LY
TWUAgaNNIWULYeN Re 4ag Pringany

1005 +
Tube, L/D=100
Low-theta
MH/ML-theta
100 -
High- theta
Nu.Pr™”
[
| B o o 150 1908 12000
3
Reynolds Number, Re
oi

f:; v o d
317 2.10 N9 LRI NUFURUTVDA Re, Nu, Pr

Mnfauifueve Tnauaas 13 Tumsnd 2.1 sstiunldiwedmane u-azon”

¥
@ =

(“Clean” U-value) ladaiine
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M3199 2.1 AvdnguaNaveves lvafbwnldlumssmimn u

vodlva vodlval voalvia 2
9R51N15 1@ Cannel, kg/s 0.6 0.7
ANUNUIUY, kg/m’ 1100
ANNTOUTUNIE, kkg°C 4.0 4.19
AnuhnuIou, Wm°C 0.5 0.618
ANNUNHA, cP(m.Pa) 1.0 0.8

o o

9NTY Medium-theta 92 1@a 1y FUNUTAIT
Nu.Pr” =0.143.Re*"” (2.30)

Ay Y04 AUAULNTHUAR (Prandtl Number) 41910

34
~0336 (2.31
4 XP(PH 30} )

doyadu qUo3 PHE Ju M15-F (Alfa Laval) fin
W =0.45m

Ay =0.62m”

L=1.15m

s =0.00395m
d'i 1 P o s F T 1 s ::lyél
Wounumas I uaumsh 2.25-2.29) dmsvvedlnal a2 ldniaa qaedife

o N T s
0.45x0.00395
Re, ~ 220X 2000393 _» 75 Taufi 1 cP-10” Pas
0.10
Pr, =% =8.0  Tagh y=0.361

Nu, = 0.143x 2670°™ x8.0%%' =96.1

_96.1x0.5

o, x ———=_ = 6080 W/m™C
2%0.00395
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3

MueuddNue lamdnsvvedvaz aetine
G, =394 kg/m’s
Re, =3890

Pr,=5.4
Nu, =110
a, =8610 W/m™C

AUYANIAINNUATUNTUNE S (Wall resistance, 5 /4 ) U9 0.000025 m™°C/W (0Tl 0.6 Ti) Aariy

-1
Uetean = L + —1" +0.000025| =3270 W/m2°C
6080 8610

A 2
Lo Rf =0.00003 m°C/W,

-4
uservicc = . " 000003 ~ 2980 W/ m2°C
3270

dauyadives lual Jsnnuvila = 0.88 mPas 1M1 AL 1.16 mPa.s iN1900A
yaughvealnaz Ianumiianniaudi = 1.0 mPas Hay 0.65 mPas M990 (InauyuaIuiu)
AU

a,,inlet = 6380 a,,outlet =9310 U poan = 3460

clean

a,,outlet = 5760 a,inlet =7950 U grn = 3080

clean

< T wug 1 4 1 a { 4 ' ]
uaaa limundmsvnuhisgumgiimaode u, =3270 W/m°C i1 1 imadh
woaved Inal damigendnlszuim 6 % vazhinesnvesvedlvaliardininlszum 6%

Y cs. " =} =4 ey d'( =y = v =1 d’{
winmsnlasumanuniiamnies  nansznuiaves Ivanimsaldouulasmnnumilagaiu
PENUIANOYHAIU VDY Re-Nu-Pr

2.3.2.8 Mussugads

s ar

AUTIAUGYTY (Pressure drop) Mo lunedmivveunainoan lild awnsndion
¥

[

Wuaums lddeiiae

2
AP:AL;W

(2.32)
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Taoh
AP = s aeugyde , N/m’)
1 o
A = auawesusudoaniu
¥
L= fl1A71N8125IWNINYA ,m
1 4
d,= dusmgudnannilu m
o P aa J
v =991 3 Inamdsuvuaiiios .m/s
p=MANUHUWINY kg/m’

o o ' { =t a ~ 1 i 9
dmsunenimihdatuinay uaziims lvaruued ¢, 1mAauMTNE2.32) 912 1dh

ALq,,
pd;

AP =0.81 (2.33)

Tawi g, = mMoas1ms Inauia (kgs)

23281  AUINAUTYIAVDI PHE

Taoa hlaumsdmsunssiugaido aussaugaydelu PHE sxlsznev hidwdiuie

¥

=
aiifio
ussaugadeluemusmazeon f1Ap, UAlszaar 1.5 51v0a1 Velocity Head

dos1uaunsweans inan
PU | 4
Ap, =13| EZ N, (2.34)

A
uo

o—

N, =S mauaeaniams lua
=1 1 1
U = duaninSarureanansva

m

ar = q' g 1 1 Y
usenugdoiyeon Toan 1o lugeaniams lualuuruwan ag1dn

2 Z
Apr:m_G(LJ _{L_LJG_ (2.35)
2.0, \p), \P P)E
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- 1 I 1 1

Taon (——J =—(—+—-] (2.36)
Pl 2 P P
&
1o
=3
G = A5
[} § o [ Y 1 4
L = A7U81IU04¥09N1INIT A FIHANNINUTZOSNIUINZUEAYNTEHINAUINA1UD
¥ [

¥oIN1tn azneeendmsuvounal lae luditlawanin TuuauTagh (1/p), ~1/p,

useaugadeiioaninmanasuuaavedyuiey (Elevation Change)

I
Ap, = +2nE" 2.37)
g.

Tawi
& = & &
INTOINVIGUIN (+) HINYDI AT LHATUNNUHIAG
& = a
INTOINVIGA () M1wD N5 Irasa TuiuaAs
1 " A ] ' ::: 9/ a a e A d‘l ::; (=1 ]
e g Aodarauainai lungdeh 2 vpaliduEeinmsndeui g =1 uaslifimie Ty
1 a 3 a o & {
ST unit AusIALgRFoNIMUA I SUMTIAIHVOIPHE fonasanved Ap Tuaumsh (234) (2.35)
oz (2.37)
¥ W W o o o { s a 4
ANUAUNUTND Wdmsumsiusussaugandely PHE nasnnaanuinmes

k)
AUNIIA Sieder-Tate 1A

4 Gz 0.14
L [L] (2.38)
28.pD A\ 1,

Taoh

=

Ap = UWTIAUTYIAY Pa

o

v
= A

@ o o Jdo ' '
Apm = Llﬁﬂﬂuﬁﬂltﬁﬂ“ﬂﬁ'ﬂwu‘ﬁﬂUﬂ’ﬂﬂT\iL%’]llﬂgﬂﬂﬂlmz‘Hﬂ\11‘1'l\iﬂ"l?uh’iﬁ ,Pa

Qo

Ap, = u3aaugden e IUN A ILIHLWEA Pa
Ji= Aumluiiamaned

L = aanueniitnadents e m

G = i wauusaiuiing lnatfesfiaa (e/m's)
g_=manmusuiiesmnusiisnavesTanviodadaumai 9.81 ms = 1 uag bifmiseTu STuni
N, = $maugesnaved va

£ = ANuHULLNYeune Iva kg/m’
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£, = ANUNUUUUYDIDR [MaY108N kg/m3

£.= ANUNUUHUVDIVDI Tnav i kg/m3

D, = durhuguinanauyaduogeanians lva m
U, = amuidaveslwafiriudesnamsiva nie vio ms
41, = ATNTIAT QNN Pas

o & A

1, = anunilaiigangiitiadings Pas

23282  AWSIAUGAITEYDI SETE

J [ ] o ' W 4
Ausssugaoues S&TE wutuitluusuguydoiune uasussaugapdolusad
d! = =) ] a c:‘d
"H\ilﬁ']ﬁli‘lm’f)ﬂﬂiﬂﬂtlﬂﬂ\?uﬂ@

1. USIAUGLTENIIND

- = 4 ] 1 o = { a 3 7w
Tunsdives Inatigamaiinei lnalurie duseiugaideninatusiluilaiduves

Y o

o s & 24 A : W in
fuaus Tuad tazd e ldanaumsasalauininmsulsgiaunisunuiia (Fanning) Avil

AP2pD
L 2.39
£ 4G*L )
2
HI0 AP = AL (2.40)
2D

2 N YA w e W a A
1319 Sieder 1oz Tate MiudniLs Infe dullsz@nsvawonavesnnuniiaveved lva
Tuaumsussdugudounsnis lnanielunesemarudow vesgunsaliandsunnuion

zweulnildn

“24GZLN,

, (2.41)
D, pg,

1 as

o v ¥
mduszaAninnudoaniuveaunuiia (Fanning’s Friction Factor), £ 95UHBYNY

Adaaus Tuarauana 13 lugdd 2.11
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1.0 e — —
0.1 L.
". .
‘_I I)&’{ mes
(]
wm X
b 4
. P\. nap,d
0.0 = = ALY Py=—
1. : . -
- 1 1
A 1
l)oq,-_,m-f.,’?m: 54 k :
0.001 ”"
1ao 1,000 10,000 100,000 1,000,000
Re

4 = a‘{ = J
3UA 2.1 Auilssanianuasamulune

daunussugydvihannmsilaguianiens naszudsiu Taspsaiudimam
] 3
o3 InaveswedInaluriedsaunisae lUi

Vip

AP =4N, =2NV p=2NG*/p (2.42)

mussdugadvsnvesuedinalurofonananues AP uay AP, 7 ldenauns

(2.41) uag (2.42) MNAIAL
AP'=AP + AP, (2.43)

Taeh

(=)

APi = ussaugandesiulune Pa

u U

'
s A

APt = usaguauisiinaanns Inaluve Pa

U o
] ]

APr=musasuaadeninaanmslasunemnians va Pa

v v
4 '

£ =dudszansanudsaniuyeauinuila (Fanning’s friction Factor)
G, =AM nFawna , kg/m’ sec

L=A7u817909910 ,m

N= $rumuiivams lnavesves lnaluvie

1 4 "
D, = idusuguinarnieluvesrio m
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S= ﬂ'J’]ﬂJf’i’)\‘i%’lLW’l&“UﬂﬁlEN]lﬂﬂ

¢ =(ﬁ]0.!4
3

=]
¥ =A7N159989015 M8 m/sec
g = oa51numsameldusafegaves Tangalia i 9.807 m/sec’

| ) 1 a ] H By 7 ]
Tunsdifdesnsinunussdugadslumisenldlugammnssuag 1dn

APi = ZSOO(MJ(G—EJ [[LJ +0.001 (EH (2.44)
4 \p )4 L

Taoh
APi = AUsIAug s lune Pa

N,= $wwieans lvavoaves walune

o 1 1 9/ =g
Nz = mu’;uﬂamﬂmﬂ’nm’auﬂh

e  a Y w o £ 1 1y dl. X 2
a = NUNHUIAAUDINDDINAIINIDU 1 NO =Z 1000 ,m

L=ANu813904%100189ANUS 8 ;m

g a 1 a W
G, = ANUTAWIUIAND 1 o) = ’E]ﬂ'i']ﬂ'l‘illﬁﬂ kg/sec = kg/mz.sec
N
a—=
N!

1, = Anunilafiguniindsyeveina cp

£ =ANURILUNYEeY 1 ke/m’

o o 1

A, = ANUNHUAYDITD InalgauniveIniane P

U

0.14
4 = [’“—) sndunsdl Re< 2300 W19 (4,) unu 4,

f;= dulszansanudeanu

maudnatneluve e maNuIon mm

i gY

a,
I
Qe
=
3.

2. musadugaydaliuyaa (Shell Side Pressure Drop)

o v oW a & J Y [ 4 3 o '
ﬂlumuam?}mnuﬁuﬂizﬁwﬁmsmamﬂ’nmaumu%uuaﬂw'e) "1umﬁmmmm

@ = o J a s 0 = o Vo a a =
uswugudeluwad (Lenvie) TavendunguiusesiunsnirlddnnuinTanln@mussdugande

o ] oo 1 ar aa @ oW 4 ' a
Tuwadte ldTwmiukas e s wugudeniiannms mavinuiuiiavie uag mussaugyde

' v ¥
Mina1nms lnandaninduiane
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Taomsutlsgdaumsunluiia (Fanning) Amssdugadogudsluwadiifasinns

¥
s

1 Y
Tuandaminiudane ausofiuan ldanaunisde Ui
AP =2fN.(G.)/p (2.45)

Tunsaiveems mauuuihiliu (Tubulent flow) Fusyansanudoamuinia ldan

f= 0.75 _ 0.75 (2.46)

v + 30.2 ' 302 , + \0.2
P-bY (D-G P -D, e
; (G,)
D, H H

dounuaums (2.46) adluaums (2.45) ‘1]?.5\1??{

15 S50 NN '
P (e =1.5(G,) [P._DJ (2.47)

r

Mo AP fismnaldvinduns (247) dhsusssuandeiifaninms bamminiy
Faverfivafiormeaviniy ﬂ'umﬁ’uqﬂgtﬁmwﬁm%’Uﬂﬁ"l‘rm[.mmfmm‘luQﬂﬂﬁtﬁlmmﬂ'ﬁﬂu
anwdeudemitldnnnsge . AP Frwimnieavenis Tnanuummn uindeaiionadi
AT aveaurudu (Baffle) Lﬂumﬁauﬁuﬁ1unf¥uﬁy1 (Weir) Ausssugudoluisad

Afanms Inavuududanod g ulaueary i1 lden

¥V =0.7(2gAh)** (2.48)

¥V

Funls ¥ uaz Ak Tuaums (248) aansaloulugilvesduls Gunas AP mudwiuasiife
V=G,/p (2.49)
Ah=AP,/ pg (2.50)

WoUNUAANNIT (2.49) ag (2.50) asluaums (2.48) 1214
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Vi
AP = 1.024Ge) (2.51)
Yo

] 3 i1
M AP Afwialdnnaums @.51) duswssdugdedimiuusdumaiivanils

] v n’/‘ 1 o o ar a o a1 o = g/
HRNHINTHU ﬂ1LL3QﬂH§IﬂJLﬁUi?Nﬂ'}ﬁiUﬂ15ulﬁle‘U‘l-ﬂ‘Llﬂ“lJﬂJﬂ‘Yl‘ﬂ‘ﬂ?NQﬂﬂ‘imlmmﬂﬂﬂuﬂﬁnﬁ'ﬂu

‘w0 1 u’z‘ ! " w d o ¥
A9 MAgUUDY AP, nuswanuAuiui 1Y agdudinussdugydesiluyad Ao laen

¥ v 4
AP, = [AP (i‘imaums"lﬂaﬁamﬂ)«rm{(fﬁmammuﬂu)] x fulszanianuiasaiy (2.52)

A Y] o a a d? Y o ' Y] I'4 o
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1 4
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UNUAIA1NY aalu (3.2)
=1,538.46x0.5x (68 —42) ~ 20,000 Kcal/hr (3.3)

W30 MM 23.26 KW

Tae#

Cor = MAMUOUTUNIZYDI 1UADITAYY (Base Emulsion),°C)

¥

Cpe= MAMUTOUTUNIZVOQ 111 keal/kg.°C

Ty, = AQUHYTAUTOUVD 1UABITA%U (Base Emulsion),°C)

T, o= QMR NIENYDY 1UABTadY (Base Bmulsion),°C)
1 = g =1 :

Ty = AQUUYIATMIBUVDIN °C

b
' =y kS o
T, o = MYUHHUAIUTOUYDIUT ,°C)
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AT,,, $9iifiD

~(Tin - Tout) - (T,0ut - Tin)

AR (Tlin e Tzout) (3.4)
(T,out - Tin)
) SEN S,
AT, = [(68-36)—(42-30)] =20.4 °C (3.5)

~ In[(68-36)/(42-30)]

MurumdulszAnsmsoigmanuious 1y (U)
A
G
Q = 20,000 Kcal/hr = 23.26 KW
A=13.97m’
AT, =204 °C

unusAmlsaen aelu aumshn 2.21) a2 1dn

U=
AAT,, (3.6)
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23.26

=—— = §1.61 W/(m2. K) (3.7)
13.97x20.4

MaulszansmsoomauionusIu U=70.17 Keal/ hr. m.°C W30 81.61 W/(m?. K)
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iilo A=79.674 A1 Reynolds number = 0.8
L=672m
p=922.4 kg/m’
v=0.09 m/s
d. =0.0762 m"

unuadnlsane aelu (3.8) v lasusaduanaseunieluvo = 285 Kpa 5o

1Js21191 40 PSI

3.4 unagl
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fduieddnylunszuaumsife dunsulumsgeasuddiasudginsciuann/dounnuion
@ ) ¢ o ' 3/ v o
LUUAIMUBY (Worm Cooler) gniiunlmiluginsalnanlunssromanudonveanadiiadu
& 9 L oA a a  w r'd 3/ ad 3/
Faded lFannunigamsngadwansuanou ldgunginldam
' { a Ed
fuigunseluandonanudounuiinueny (Worm Cooler) vziilugilnsel
= 3 - " = - v A = 4 v ' J o
wanulasuanudeuiivonuuuiien  Imsasui gy ims lsauudisgwuinun
1 u' ! ar [=) Q( 1 DI ' ) ]
Tumsawmanuioummdulszanimsmiomanuiousiudr wenvnianu luwiven
s a a ow 4 o Y a VA O b A
vos8nsImsgadandasaust swdumgrildinennu lugedulunsidnuvesszuumsnaas

o

¥ v 1 v ' Ed
aneszeznanlunsgadauadiaduiuim Suduaumauaniivhififansdun/feandaay

= 1

Tumsoemanuieugs duiluaumgivh ddeudomldsendannlunmsndaiigedndae
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msilsulgeszuumangaas

4.1 YN

" ¥ v ¥ [ '
naumi 3 92 ldhimeuvesmsgaauihiduseunfinud wyiga lunszuaumsmswdn
& A a Yo o = vy [
voalssnudaszuumsaaawuudy ihivegUnsaluantdsunnuseunuufmuou (Wom cooler)
¥ 3 1
nlilugnsailumsmomaiuioussniah uaziwa®iody (Base Emulsion) Wpszuuiay
onTIMInaasegnlszana 20 Aude 13 321ue win 1,538 ausndi Tue manadalagldnannu
o 3 & il a1 9 9 ar { a
e 13 9 waiudlummgnaniilima lssnudeadsm 19t edmmasauings sazduiluauing
MW sau llausamuidinsnan laundednis
= A a dq 3 o ret ' a o ¢
msfnyIMIITNsgaden e niosns lng liifinaidodenunwvendndnm uag
o @ 2 2Y o 2 2 dA a 7 e Y da
Hhimstseniandanudusnidesiiinanae wisvesgUnssluanaiaeun S ounil monmnze
3 0 ¥ ¥ 9
Tumsudaiutumssinlssssugedsiszdedinsinsonileitsme g [5] ndufhudwsiolilfe
) e
1. igaursgaians
3/ v L a g
2.ANUABINIIAUANNTOU Liag denseand
3 (3eu ludhiu ldvesves Tva iazms 199
4.M71395010
5.888I0918 AT IR
A = D Do 2 o A oo A w 1g
iesnnauiiudiidiuivddludusounisgads aniumenslsendamlaiy
Y] = { 1 9 P o {
Tusmdamise ldRasengyUnselann Rousamseouluphanlnanly wnhenssian Beummdou

a & o YV a a o '8 c;’ = A o a 3 =
Ll.‘]JlJLﬂll“IN%31’1111’!0@51ﬂ15ﬂﬁﬂﬂﬂﬁﬂﬂmmq\ﬁju LLE‘Wﬂﬁtlﬂ’ﬂﬂqﬂﬂiﬂ!Llﬁﬂlﬂﬁﬂuﬂﬁ'llliﬂwﬂzllﬂg
' ' 1 a L4 5 o a
vawgliuuiazvun e lanadwda lvafluilagiuglnssinannlaeuanuiountdenlaluam
w - v ' P 1 '
Qﬁﬁ’]‘ﬁﬂi3111’1’.]]1'1]513‘“Iﬂ‘iﬂﬁiwuﬂﬂﬂﬂiul‘ﬂﬁa HIoLVULHUIWaALAZIN Y I@lﬂﬁl‘uuﬂﬂmlﬂﬂ

v E4
wited-Taidenuandaiuly dniumsdonlddosdiiatmamminganlu msldnuilud vy

d T
4.2 gunsawanasunnudeuuuumanuaziv sy

o = [}
gunsailan/ounuiounuuiry tazimsy (Plate and Frame Heat Exchanger) H3® (PHE)
v Ao ar 4 a y = q 4
1agminisy ¥dangy Ao Dr. Richard Seligman UszAvfuiuludl n.e.1923 duniowsniile

1Hlugaamnssuaemhuilaai93o ldimnihurduiaauamnldndaunuianydounnuson
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v 3/ " '
uaziimsiannanusulFmuiuiuannyszmne 1 kgem® i 20 kg fem’ aunsziailagiiu
Y a [ ] & ') Ié‘ Al A A 9
TagimsWau PHE sdnaoiios Taowangduuulnidunmemuaaanuaunse lumslsnu
Yy a cg) = a a ;
Tdndsvnanngstu uaziilsz@nsangaduy
¥ 3
ms1¥ PHE Tuilagtiudlulledrafidsz@nsamunndu valudunsTianudou
M3ty nazmainnudeunduinlidedauidenlFlugaadmnssudase il
1.9AEIMNT TR
2. 1591
3.9 IHATTUNTZATY
4.9ATMNTSUMAN
5.9AAIMNITUDINIS
6.9MAMNTININING
7.520uUFUeIMe (HVAC)

¥
g.gaa N suIiY uay M

4.2.1 E\Jﬂﬂmziﬂﬁﬁﬁ%ﬁmﬂ PHE

1N 41 gunselennldsuanuFouiuunsEmwamezisy (PHE) walsznou i
¥ ' = Y aw = 4 g w o ¥
FroyaurumananaRouamuioulidnuazidiuaoy eldiludmnanlumsuann/ouaideu

9) [ .:? v U Y ar g.: = %)

YoIved Iadesmy yaurwanilizgnlssnovstsen NN sumiazmsudalaohzliyaadn

2 qY 1 oA A & ' = 1 o i oA Y & v o A

saldniudniinis vuudumaniivziizinuegseunruiodlaaiumasieonuagiiafudiena
" ¥

ms maveaved lua - mssmuss kR 5 iuegiuensns lve - Aaoianmenmusived na

anusuan uazgunniiih-ooniideans laednuaizfivkuwasTuasudeasdolfinansina
uuvuiutlau (Turbulence) HagnuAINAN 1AgS

¥ 1 ¥ £

PALNLINAALAZINGY - 22N IOGUUATUMYIULMLREAIBELMAMSUAN  Famueaest]

=Y (-7 .3 9/ s = ¥ ] Y ] (] n’z’ < Yy A

vanagidetandaTaiinoth-eonoguumsuni  udevszeguunaaeansun ddd

msIans nalugaununinnimilesoy
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3 »
VININEY thasaeeeu gnnds yauduuanulaunanuioy

zifiu ATHIUINUN

. 4
AT FE

JUN 4.1 dr1u1)sgnoua1e e PHE

< o i ' T v o =
Vi (Gasket) yimthiTassuinuedy PHE uasdhusrhvuadirmemsnavesweslva
oW 1 T n’ a 1 3 1 . da  aa g = <
W lnaaduiuseniisin senniusnugesieseialznuiutafiemams Tvaneedidzim
{ i (Y ar { o o a Yo <
nfigsznomotlesiuves lnalvalzduiunsdininsi lua Jeanmnzaulumsldinlznu
= Qs = Y :é kY ar ]
whnsanvngEiRmImenweetlra- gumgil tezamsl daszdouthuiaarintandula
a 4
TI0ALIDIAUNAIIUAITNN 4.1
o o Y i
5% (Frame) vz1senoudaomsumiuasinsuda itmihilssnouyauniu PHE
) = @ ot o £ o <1
WhdeiuTaefinmunauun  uazanusaneszdiudnlseanslsenouiudhgammuias weasy
a = Y o 2 v o 2 o.qY < 4 o a A
inenmstasualgadnta  aaiudsi ivausanealseneuuduiloinmaiunioan
VPNAMIUEY PHE Welimslanunlammsensnaeumziamuazem gunssiuanaldouanuiou
a cnyq 1 ' o @ A (N V] ﬂ Y o w
yiatlsunnlugaamnssuaeg ednlsimudatineu lvunednnduiudesinaves PHE

= = k4 P
“]Nﬁ'l‘l]'lii‘lﬂi'ltlﬁ&i’]ﬁlﬂ]lﬂiuﬂ'li’ldﬂ 4.2
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¥ '
Wungglunisnszareds . ,
o 8991941 (Entrance Neck)
(Distribution area)

Twuoremanyioundn

( Main heat transfer zone)
517 4.2 Anunigms oeAMUUUBALHUINAR

dmSumsesnuuudnuMEvaaLHMINaAAIgIN 4.2 Tidmilsznoundn 3 daufo

]
= 1

g ar L & 19 U 1
1, WuEe1UN15n52 91087 (Distribution Area) 3DYATUUHLALA N UDINUINAA

'
ar

Sl ldhvesnasrgansznellnaonrmniwveanriuman waziiolitiifa
pafives lnanszaielylaids (Dead Spots)

2.999M19141 (Entrance Neck) Qﬂﬂﬂﬂliﬂﬁﬂ'l!.ﬁﬂﬁﬁllﬂﬁﬂﬂﬂﬂ‘fﬂuﬁi‘l naz 1y laa
suanudaiaidmsvtlesiuliidifamadnnson

3. Tonieomanu¥onnSn (Main Heat Transfer Zone) iflududigaol#veslna
fims Tnanunihilag (Turbulénce) quanfindi wazimINgaufusaduAnnIoN fidaan1s

dmsumsdaduma lvaves PHE lagdan najines daldiings Tvauuuaaumaniu
Fagii43 s auuaumasi msmemadeussit Fetsiils Ansamagara
snc3urnansdiniiuiims Inautum iy u‘i"mmq”lwmfuﬁwaﬂ'ﬂmnﬂéauuﬂmqmﬂgﬁ

fga Feenmazi Ifuldouanu Idiludu
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51 43 msdagduumdunienis lvavesves Inas1u PHE

422 ded-veidaoinmsliginsaamlasunnuienuyy PHE

42.2.1 YoAUDIM31Y PHE

2 Y ] ar a A o Y w ; 9
pvanyaizvsAaeIn AN 44 AouuumBnsEAEI Ay ivgadms va
y 1 4:; = =~ L 1 4 ar
uuvilhulesmsinldeuiemunsina - tasanudidnmruasinlaniolszroudndediy

¥ ¥
wigadudayesdnyui hiinems Inanuuaaadin dednvacnsaes uungedems lua

4o = w a v Yy
LL‘]JUﬂHiJ'JH‘]N%%‘U‘Dﬂﬂ’]‘ilﬂﬂ‘f’lgﬂiuqﬂ

5U7 4.4 uaasgduvums Tvavesves lvauuuruman
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M50 4.1 Sagi ldiusiuwaadudnuazdou lumai T 14w

Anae lsaneilu VIRUIHGARIA ()
60 80 100 120
10 PPM 304 304 304 316
25 PPM 304 304 316 316
50 PPM 316 316 316 Ti
80 PPM 316 316 316 Ti
150 PPM 316 316 316 Ti
300 PPM 316 Ti Ti Ti
> 300 PPM Ti | Ti Ti Ti
Y 199z Nitrile

4.2.2.2 Yo1duvupan13ly PHE

4 1
as =

s = 9 Vs a'. = a A 4 A
QﬂﬂﬁmllﬂﬂlﬂaEl'l«!ﬂ')"l'll5"0UH‘U‘ULLNHM‘U?)I.EB“E?'IﬂfUlWﬂQﬂ?zﬂ'I5lﬂEJ'JﬂB ETHNUN

o

Mzdeaiimsaadisszdudoudrann mulndudivzlFiagdana Inwesn (Blastomeric)
dmsunuidouynszian et lsiawgungiuazarmdugegaisgnivialindszana 400 K

=Y

way 2.7 MPamud v dszinufiiiuleiudaniaaz diugumgi It 600 K usiaudun
anso s laedummns angninasgidszana 1.8 MPa
a:ineg - Y =1 lq'r:én W::‘!"d-la'c;yn
Tamifnatunnmsgadioszinu (Taamwizednsaiievinnlamautludandnan
Tinuziiegea) - Tunydldauieduiiuilitonneifannugannuniigalunmsldau
¢ - ¥
gUnsaluandsunuIeUNLL PHE
dmfugunsaiianuldsunnuieunuy PHE vousin AlfaLaval i1l

o

a9 o 1 a 0 Ja
fivoinan1aq Aede l/fine

1. mwsenuldaugage =25 bar (360 psi)

2. Aussnugagailoulaseadamiay =30 bar(435 psi)

3. AQUHYNYIY = 160°C

4. awuvpiigegeaiiollzifuriiafiay  =200°C

5. 9A31M3 IMagaga =3600 m’/h

6. mdulszaninisniemanuion = 35007500 W/m’. °C
df o YV 2

7. Wuhitemanuieu =0.1-2200 m

8. UUIAYAADYIAA =450 mm(18 in)
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doyantunes IulaTasdn (Thermo hydraulic data)

1. ﬂﬁdﬁ’hmmqmwgﬁ (Temperature approach)= AUy 1°C

2. MpAreNANToU (Heat recovery) = qani 93%
3. mdulsgansmsmomanudou = 3000-7000 W/m".°C
4, Llidﬁu’qmlﬁﬂ (Pressure drop) =30 kPa /1o NTU

m319h 4.2 doyaiidhulse Temnives PHE

1428 (Unit) UHUINARN

YA 1540-2500 m’ AUHU 0.5-1.2 mm

TMIUVOILHUWAR  WINNT1700 VHIA 0.03-2.2m

YIAvDINTIAE 110N 39 cm P EAEATRN 1.5-5.0 mm
ANUANYDIDDN 3-5 mm

H =3 g w A e
mah 4.3 uaariinvealzdunugemain ldau

Yaq Feiuniialy QUNYNITIIUGIA(°C)
Styrene-Butadiene Rubber(NBR) Buna-S 85
Neoprene Neoprene 121
Acrylonitrile- Butadiene Buna-N 135
Ethylene/Propylene EPDM 149
Fluorocarbon Viton 149
Resin-Cured Butyl Resin-Cured Butyl 149
Compressed Asbestos Compressed Asbestos 260

423  masamnamaulszanioemanuiouves PHE

= A o o 9 o A 3/
'i'lfJﬂxl'E]Elﬂ‘U@Ql\ﬂ'f)ullﬂﬂu’lll’ﬂ“ﬁﬂluﬂ1iﬂ'Iu'JuLWﬂﬂﬂﬂl.l‘UUﬂ’NﬂTUJSﬂu Hazgynwuna

gruaas 13 luas1ei 4.4
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M19197 4.4 19U luN1seRNULUAIMIIANNS OU LazN1INavDe PHE

douly Muiou My
¥iAYDY B4 1Ma wadad i
AMUHU U U(kg/m) 922.4 993.6
MAaNuTousuNIL kJ/(kg*K) 2.09 4.18
AnnuinNTou 0.120 0.620
W/(m*K)
AUATIAY U (cP) 2,000 0.801
AUNTIAY199n(cP) 8,910 0.705
8513 Ivaula (kg/hr) 6,500 13,800
gyt (°C) 68 30
9MUHNNVI00N (°C) 42 36.1
Shsimsnanegagaiivonsu g laitfiu 20°C/kg/hr
Sasmsgannaoans Ty 5 w0 20 AU
fiﬂsi‘f’ﬂ'wﬁ“l%"lumsﬂ%'uﬂqa @1411N) 7 Taifu 0.5

mslsinlg Taosanmanaamandai Taohmualimi 20 dude 3 53 T aanso

o ' 9 9 ar d”dl
Aurumnnanuioulaaiiine

9319 Inania (Mass flow rate) (m ) pzldn

,;qzif.:io_;@:s,sm Kg/hr ~ 6,500 Kg/hr (4.1)

Uay 1NAUNITN (2.20)

Q;, =im Cp, h (T;,. m—T};I oul) = Qc =im Cp, c (Tc auf'Tc, ir() (4-2)
unumalsangadluaumsn 4.2)

=6500x0.5x (68 —42) ~ 84.50 Mcal/hr ~98.27 KW (4.3)

B [(68-36)—(42-30)]
Toe =5 [(68-36)/(42-30)] S G4



Y a A v v Ao
4.2.3.1 ﬂ15'ﬁ1ﬂ1auﬂ‘§3§°ﬂﬁﬂ"ﬁﬂ]ﬂl“ﬂﬂ?1“53“%9\“”33“’@‘5“

50

aulnsaiuanu/Aeuamnudeunn PHE veai35h Alfa-Laval ju MI5-F lagn iunfinen

é ] o 1 =1 wa 1 @ 1 C%,d
%39 PHE JUAINA1INUAUTNUAA ﬂ\‘]ﬂf]llﬂuﬂﬂ

W =0.45m
Ap,me =0.62m’
L=1.15m
s =0.00395m

INAUNITN (2.28)

m
Gba.\'e =
W.s

unuaalsadluaumsi (4.5)

1.806

. P oriid ABECT
' 0.45x0.00395
INAUNIN (2.27)
R, 5 EHE
unumaalsaegaluaunsni4.g)
Re,, - 1015.78x 2% 00395 =147
5455

1NAVNTN (2.29)

Cp.p

Prbas‘-‘: =

W ' o
Lmummw}hmaqaﬂuﬁummm.%

(4.5)

(4.6)

@.7n

(4.8)

(4.9)



_ 2.09x 5455

rbm-e = =95008
' 0.12

NAUNTN (2.31)

3.4
=033 e
Hiue p[m 30}

unuadmlsamegadluaunisn@.11)

y=033 exp(—’jA—} =0.3

95008 +30

1INAUNITN (2.30)
Nu.Pr”=0.143.Re’”

unuamaalsasluaunisy 4.13)

073
:0.133X1.47 8326

U
b 9500870%

unumdulsaenasluaunis @.15)

_ 8326x0.12

a,,, = =126.468
" 2%0.00395

d W
42.3.2 msmmandszansmssimanuiauvesin

3

(4.10)

(4.11)

(4.12)

(4.13)

(4.14)

(4.15)

(4.16)
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' 3 ¥
=, @ o "oar a A 1 v S v w @ W
ﬁﬂﬂ?gﬂﬁlﬁﬂﬂﬂuﬂﬂﬂﬁﬁ1ﬂ'l’ﬁ'1!'1]'53ﬁ"l’lﬁﬂ'l‘iﬂ'lf}mﬂ'J'UJi'E]‘L!‘Uﬂﬂmﬁﬂilﬁ%u AU

VoW a o 1 9 ;v 9 o dydl
fl]ziﬁl[']iDﬂ’]ﬂ1ﬂ3J‘]J5$ﬁ“ﬂ'ﬁﬂ']iﬂ'IEJL‘VIﬂ’JﬂJS@usUﬂQH"I\lﬂﬂQHﬂU

G,... =2156.59

waler



Re =22626

water

Pri_ =5.1 Tauh y=0364

water

Nu,,., =389.70

warer

Ay rer =30584.31 (4.17)

water
A vo 1 ) o v a d o 3/ ar dy
Lm]"111u1ﬂ1ﬂ’31m11umummwm meﬂWh’J’NLL‘Nﬂmmmmmm%ﬂﬂﬁumsmu

1 1

LI + (4.18)
U aha.\‘u water

WmnInaumsi (@.16) uaz @17 wmuaaaluaunsi @18) s ldn
R o Ty N (4.19)
U 126.468 30584.31
U, =125.95 Wm'°C (4.20)

clean

¥ ¥ E ¥ ¥
diosmuah @2RN1591 (Duty margin) Y04 PHE 1311 18.5 uazeinaunsi (2.54) 9214

cean—[];en'icc

M argin= IOO.U[—_ (4.21)
unuadanlsaegaslugunsn (4.20)

U, = 106285 W/m™C (4.22)
. A A ' v o
AUIUAUNMIONANUI BUINANNIIN (2.21)

Q=UA. AT, (4.23)
W luaumsn (4.3), (4.4), (4.22) unuadluaumsh @.23) a'lda 4 asiife

9821 453w (4.24)
106.33x20.4

W

AUNDWNANUSDUVDI PHE = 45.3 A151900A5

52
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424 MIvanUUUNINaYdd PHE

a A & Ao Y o 2 &R o @ o 4 3/

’E]ﬂﬁﬁﬂuﬁﬂmlﬂuﬂﬁﬁﬂ'mﬁﬂﬂﬁ'lﬁTUﬂ']‘iEJf)ﬂLL‘U'U‘VINﬂﬁ‘Ui’NQ"JJﬂimtlaﬂlﬂﬁﬂuﬂ’ﬂhi'ﬂu

A w a 3) o 1 I~ E ~ as 1 =) 1 a ow d
uuu PHE fedaniliviuruman uazdunu sindeyai ldsuanmaethemaiianuimaniua

v

o 2 o 1 1 gw { o o J :1 { @ 1 ' o
frhingadadinstansen  anahiminmhnstomamdeuthninmaiminezwniimnee lsags

EY
¥

o o W ~ ° 3 | ' wa
faiuSaquanuaa 316 (Stainless 316) Jumngauiiazimnldnuiionnhiligueaniannu
1 o ' Yy = =i o [ a 4 da e Y
m@ﬂTiﬂﬂﬂiﬂuulﬂﬂiWUﬁﬁLﬂUﬂQﬂllﬁﬂﬂcluﬂ'li']dﬂll.l mmuwmmﬂsmuwmmﬁummmmmu
g a . =3 =
m31¥a1ufe Ueiiuvila Styrene-Butadiene Rubber (NBR) 51azideavealzinugsivazidonld

lua1s1an 4.3

VIAVDILHLIHAAN 1AD1D

A=Na=NLW (4.25)

Taei
o 1 ‘:; £y
N=31UIUUDIA N 19U

df ~ 3 . ] = T 2
a= wuﬂgﬂiﬁmm (projected area) YUDULHHIWAAWUILAU (A ) ,m

plate

L= Augrvesnpunaan i lufiamieuoans Ina m

W= AU voHLIWaan Ay T uRANIYDIMs Ha m

A e ™ o Y Y Y o ) ¥ Y
LT-JENﬁ]’]ﬂ31@1uﬂﬂgﬂﬂﬂu1ﬂ5ﬂ:ﬂ\iﬂ1uﬂu1 Llﬁzﬂ‘]uﬁ'ﬂqulllﬁnﬂﬁﬂﬂ‘lfJLﬂﬂ'ﬂlﬁ@u\lﬂ

URINAAN TIN5 010mAN N O UFINT UHHINH0 = THIUFIWAAN 11 UA-2)

NOMINAL WiDTH

1
NOM [NAL LENGTH

EFFECTIVE PLATE wibtw  EFFECTIVE LENGTH OF FLOW

JUT 4.5 ueaansmvinAveBHUIWAR

' Ao " " J a <
ﬂ“”rﬂuﬂ%"N“VlﬂJNﬁﬂE]ﬂ']ﬁﬂ'IULW‘ﬂT]N%)ﬂu ,W= ﬂ']ﬂ'ﬂllﬂ%’]ﬂﬂﬂﬂ-ﬂ?"‘“ﬂu'ﬂ]@ﬁﬂmﬂu
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' e 1 1 9 2 2 )
AIANNNVYIINUFNAADNITDINNANUTOUY, L = X tXx, (ummumuﬂqym

INUeYauDd PHE 34 M15 9eiif1 4,,, = 0.62m"

unum A, uazaluaunish (4.24) aaluaunisi 4.25) wwlan

plate

W= 78 (4.26)

¥ ' 1
INTIZREUY !.!.N‘I-JLWﬁﬂﬁﬁ?ﬂﬁ?ﬁﬂ?ﬂmﬂ’l'm%ﬂuhﬁTLI’J‘H =73 lINU

425  mamuadaelyllsunsy CAS-200

' 1 ¥
iinannmsfursAmaNuiouvesginsaiuanaldeunuowiniisvazidoa
[ [} ¥
Aroudamni I linaugenndudeuiodmrudiedfsssuar (Manual) Fa1iuMsfIuIw
. ¥
fwTisunsunsuiamesse ldgminnldivedunisandupeudandan
o @ a <
Tilsipsumsoeniumaenuiou tasnnad wsugUnstlianafasuanusounuy  PHE
Hion Tsunsn cAS200 dhulalsupsuiiannlaouSin Alf-Laval TagninnldamuNes o
AMFOALULNIANNIOU tazn i Iiannsohaeamaiimzaungalunisooniuy
2 < Y ) & A ) ¥ ¥
swdanadsy Toemninmasmunsugenansoun Fawai ldnssnamnng ueznuanuiougnidaaly

Tun15199 4.5 1Ay 4.6

M3199 4.5 Namsaammumanaé’huiﬂmﬂm CAS-200

UIUNEINT 1A 1

FUAVDILHULNAHN/ ANIUH U AISI 316/ 0.50 nm

aaiildda NBR glued

VUIAVDIIARDND ,m 150.0 150.0

ﬁ;ﬂ@nﬁummﬂam%a (Nozzle orientation) S1->S2 S4 <-83

AWITITUBBNUUY / NATDY ,barg 5.0/6.5 5.0/6.5

uvgineenuuy °C 70.0 40.0

YUIA 817x NI1Ix 1450 x 610 x 1885

¥
w

inalay léau 969/ 1140
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A19199 4.6 HANITAIUIUAM ANV oUA8 T5UATY CAS- 200

Musou fudin
GRS adiad Wi
ANUNUWUY |, kg/m’ 922.4 993.6
fAnnuieui e i/ kg*K) 2.09 4.18
Amnurhanudou ,w/(m*K) 0.120 0.620
ANUNHAA WA ,cP 2000 0.801
ANUNTIAFIUDEN ,cP 8910 0.705
BATIMT IMauIa kg/h 6500 13800
gangivud ,°C 68.0 30.0
guMuiIeen ,°C 42.0 36.1
USIAUGYLAY kP 501 1.23
Sasuannlasunnudon W 98.27
AAnuLAANguHgilizaden K 20.3
O.H.T.C. tiloda 1 181 sms  w/m? K) 130.3
O.H.T.C. diolaiy W/ (m2K) 110.0
Aufeemn ey o’ 44.0
AANEIUMIN NI X 107 m KW 14
AT % 18.5
MTIAIRUNINUDIUD4 I1a Twauvyaunianu
T 73
Suudumani 14 71

O.H.T.C= Overall Heat Transfer Coefficient (ﬁ’uﬂi:ﬁwﬁmsdwmmm%’au )

4.3 gunssinanasunnuieunuuveluwad (S&TE)

431 nguimsuandeunauion S&TE

gunsaiuanulasuanydounuuvielumwad (Shell and Tube Exchnagers) 139 S&TE

o = 9 A o v o ' v
Lﬁu@.ﬂﬂsmllaﬂlﬂﬁﬂuﬂ‘)’]ﬂ?ﬂuﬂu?u'ﬂm\ﬂuﬂuﬂU’Nﬂ'J'N“U’J']Qiuﬂi&'UQUﬂ'ﬁQﬂﬁ'lﬁﬂiiN

¥ "
o a o 3 < a 3/
e ﬁ?h?iﬂgl‘ffﬂlﬁﬂﬂﬂunﬂ“ﬁuﬂﬂﬂlmﬂﬁ'i&ﬁ'ﬂ (Evaporation) M3IWUANUIOU ﬂ"lﬁ'ig'U’lfJﬂTlll%lﬂu

o = 1 ) A o Y U4 = LY =)
IUNTLINITINTAIVLUY (Condensation) @ ungiilvglnseluannldounnuiousiia SKTE

Yaos =Y o g/ 1 [ [ o J A 9 z Y o
lesuamilonh T Fnuesraumsnaoilusgnannims iz ma Tulagineddoaniu ldgninn
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Wannmdnnudusu myasavie lansiitinnuiswsssnsonusonauga 1A swmuznanlan

lifiasiiavesnnudunazgungineesesiula

3 ¢ - v a '
432 msdwungunsamanasunnuiouriaiune

gunsaluannlasuanuiousiaidiuvieorvizdwunedianiieg Tasmsiarsanan
N ' 3
vod laiinervesnaas lalil

L ypural/Aeunad

2 YDUHAIMAH
o 4]

3.ufa/une
¥ [ r'd

4.1A399AIULUUNTOADUAUILDS (Condenser)

A 9 o 4
515095 L IMEIAZ MITD 1911 (Evaporator and Boiler)

= o 4w =

gunsaliannldsunnuderivueaayueamrad uuuuiinumuiuunige
: a B - oA A < o

dienSvuidsunugUnsaluanilfounmdeusiadhmenu i laen lludnhszuwanuien
v Inanglugeanams lvadumils edfumsszuwanuiousenninnszuaveuraInion 1

- v o ¥ . < = v & ' v
viniuneuiiudu. veanamaswzgailuld rarugUnseluanReunusaudsimsoumanuiou
v A a ; =3 ) o o VoA v o !
wanfifadu  Sullumsmanudoulanisfuanunnuiunaendegvesveunaniillg
1 ¥ o o ) o o < Y 1A 0 Y Y a
astomanuiouludaiigunn sauiuluaeiunise laei i hiinadniudesldniy

& s A A ' Y
‘Hif)q’l]ﬂ'jmB'HL'WB‘H?Ulﬂuﬁuﬁiﬂuzﬂ'ﬁﬂ'lﬂfﬂﬂ'J’]llﬁ'f)u

433 onumzIniea313ved S&TE

SHELL AND TUBE ASSEMBLY

FRONT
HEAD
FRONT
HEAD
GASKET

CROSS SECTIONAL VIEW OF
FIXED TUBE CONSTRUCTION

31N 4.6 uaasdanilszneuman qved S&TE
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wad (Shell) Shezvinnviemdn neades uaz uaauad dendamadh iagmaeen
gusondoniuaunasgfimnsauiurefideans vnavesioadaszgneenuuy
Tinanideennusesveslvaiiga

R (Baffles), 16145935110 (Tube supports), Tie rods 1@z Spacer N1 111910
N, Noundes LAZAUAMAE STIAZANIHIYBAHM (Bafflc) Fitomuauanua
wendudniifuisdfyvestioiomanuden uazusedugapdodnurad

10 (Tube) TNILTU19IN NOILAY, NOUNADANTANAY LAZUAAUAT VUIAVDIND

<

[ 1 o a a J 9/ -
AITUHTUI lLﬂ%’JﬁﬂﬁNﬂﬂﬂﬁNﬂ'ﬁZﬁﬂﬁﬂ']ﬁi]'ltlmﬂTIiJ'iﬂu Lmzﬂs:ﬁmmwmﬂ%’am

q

s

£
uruBAND (Tubesheets) nag I iaqinilounuudunu (Baffles) nazdaudniagazl
msmemauioun lumdeunu uindavieazgniotzdmivmuglinipvesneniauiiEond win
i o & o N )
Tasfivuasagezusnifierziiunisiudgameiugane wbesheet

o o v =] 3 " '
189 (Head) ¥nagiinnnnmanvas n3o maniugl neuniesnae oy mwuwaavas

'
o Jgo gy

Qs 3 @ ar ] 34 q‘ LY
uanvzgniInadisue Inseaausmlsznaudusndaana 1 dwileadamadn uazeon
E L
awnsoldmiulauuasgiuld
7 - 9 ¥ [ ¥ °
ginssinannldsunauieounnn S&TE Ysshoudisniatumanuiousuiuim
a u.‘: Y o 1 P [l 1 a ¥’ d o a‘ g/
anAada Bmolured - davesInaiedlunenazasslvaniegamiusadezsinsuann/aouniuiou
[ w1 3 ' u’; @ L] '3 g
i isodaiusen e vavisaesdadaetensdigyl 47 vovlnadmuradozgnilanumnusseme
¥V
Y a ) o o
Taodwaduazdhiladirad vetlvaduraanszgmhl Inaninthinmadnlldahamseen
¥ '
Taourufiy (Bafile) uaznmstanaldeuanySeunruued lvaluve Taomsdudaiuvienomanudou
1 3 ] : o 3 A A S 9
Tuseraiu urufumaeng (mpingement Baffle) Suiludesiimmziionmisimatvesveslva
9} dd 1 é 1 Y a Yar 1 1 9 1 I 9 = 9/ "
fmuradiimeaiiemazie nenmidewe iU amamsou omumaIIeLgnta Lissnin
' VA w A & o "W o [ 1 " .
LpLBAvioRBUR (Stationary. Tube sheet) Haduuuiuduwadiaziuurutaionsy (Floating
Tube sheet)
] 9 1 U Y a Ad'dy I
9949 Iraluneaz lnaneres lvaveationda (Channel Nozzle) Tuitivna lva
' [l v '
WHUAUUHMILUREINT 1A (Pass Partition) 34Aads Pdmiuaiuquimiwiieimslva
1 3/ (] 1 1 9} c{ n ::’ 1
wav9d Tnanielunoudd Inarumomemauioun Floating head minveslvalumne
v A [N 1 [ a [ 1 1 3/ 9
ndunANIIMs Inandullaes (Channel) vde91n3a lnaunelunemomanudouanls
e ndeansved lrave lnasenainses lnavestionanisesnde 1
1 ¥ v
ginsaiuannldeunnudounny s&TE nuvihiluuuuiiingi T 1dauedania
VI TUMTMONANYTOUTLHII VDANAVUDINAD, VBUNAY/ OAIVUUY LAZTETHIN

VOUHDY VOUHAITEINY
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gunseliandsnanudeunuueluwadlsznoudedisenoundnddaudio
4.1 dnnlareni
4.2 dnnlaonag
4.3 yavie

4.4 §uvad

1.Shell 11.Channel

2.Shell cover 12.Channel cover

3.Shell channel 13.Channel nozzle

4.Shell cover and flange 14.Tie rod and spacers

5. Shell nozzel 15. Tarnsverse baffles or support plates
6.Foating tubesheet 16. Impingement baffle

7.Floating head 17. Vent connection

8.Foating head flange 18. Drain connection

9.Channel partition 19. Test connection

10.Stationary tube sheet 20.Slip-on backing flange

3UM 4.7 udnav02BEAUDY SLTE

] 1) " L:;d P 1 a 8 o Y o Y
dnlszneunsnmaniituuuiuanaduvateuuy  deduglsznoudnaleiuagiil
o - 1 I :v ] =1 ]
Iaguuvesginseitanasuanuiouiuy SETE MUANANAUDENINNIIY TIUaLBEAR1NY
a; 4{‘ 1 1 [ 1 dy 9 o a ] t:i
gnuaaa A lugii 4.8 delundazuunvesdulszneunanimantinzinuniedsnyiaeg uaa
3

Tugiilaun

1Lamdatonii 5 uuv Seaduuy A, B, G N, Lag D

2. 87508 7 uUY S8RV E, F, G, H, J, K, ez X



59

387118 8 uuy SeN UV L, M, N, P, S, T, U, tlag W
1 a 1 ciy QJ 1 @ 1 @ o — v
daulsznouvanmaiilannsodug iuanyuea1 nu gUnsellanadeuniuion
o a d? ad o W o o 1 @ ] - 1 Y o/ g
MRevuIziFesotludisnysmuiIFuwazaazuentauUveId M aeni, Auvad

uaz eIl a1euaIR1919 LUY AES 1Wudu

(Y] d - ci '
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o ' @ ] 1 a ] o = @ o
Tumsdmuaiveslnadlandsezegnieduve alamsszegnadiumaa Tilvdvh
A DINNTUIHAIE8191]990U 19081992 N NAUNT 0VALSITY MIEDNIITRILADIIMIM
3 a4 ¥ o A = ar 1 o 1 dyq. P ﬂ o a 3
Foa-vaidonsolseilszuayiuszniniladumartl daidluvanlumsiaisanldun
1.AUAY
@ 2 =] : ) 1 9y [ d‘e ﬂ g LY
ATHUURINI (Favineandmiin uazmlgTevesdag) At lumsiusnmanudy
c:. o Y ar ar 9 [] I'd a u’j e:d ar = Y 1 1
At mualifvzusfuTasasstuidurmmguina aninvealnandnnuaugadenis i egluvie
2.9uQH
L

Mgumgigemmuuiaswesiagivanani iiaeeldmimuan . duiumansenylunsdiil

=
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Tendwadaiuanusulasives wagamgligemsazeglunie . wenvinfinlivedvanligamgiig
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ll Ao ﬂ Y Yo A P . ' Y A LY 11
v Inannansenaziiudesldiagiey (@Guuiueudnzdesiinnmume) tvedlva
k4 ' 3 ]
HiosduRramniuinansouns ia liusananiuagmeluvio sxawsondni@oaniuiuiiu
o da o~ 9/ 1 9 3 a 1 T 9 o n‘/’ o '
Tumsiwadamayidnauwe lauad i ivveamainansouegniduyan Nuradiazne
AT inudenIsnanseu la
4. ANUAUANAIONHT ONITFTEANAUN 18 TUND
o 9y 1 P o 1 A o 3 =
ansads ldiisinsind luraddeainauduanasouiidiuanld o199l
Anunmanaeugaswdurauvnal minenvegesinueInis s lvandumadda
a 4 ! 9/ Wi P o oA o w U I 3/
Pavuluszninnsaie duiuluvesvafinnudugdelinnuddyunmsmmdeali 1d
1 3 = ¥ os: ] '
mngndesiiga uaznas ives nanueglune
s.Anuniinveaved Ina
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vo3 Tvanseg lnaoduihinlu (Tubulence) vou Tnafifimmmiiagee e InauuusuSey (Laminar)
' v ' T Y { 4 Iosj dyy 1o 1 '
il Inasgluvie udewez lvasdniluthufldd I lvamedumad uansfivuegiuyesing
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agluvie Fehmsvinnemstemanuieu uazmsnszaenms maansaildaisanuiule

ANINAI

FRONT END REAREND
STATIONARY HEAD TYPES SHELLTYPES HEADTYPES

Lt s

Ly

FIXED TUBESHEET
LIKE“A* STATIONARY HEAD

E

ONE PASS SHEEL

erer
o

CHANNEL A i i
remens [F———=T1]| "

FIXED TUBESHEET
LIKE "B" STATIONARY HEAD

TWO PASS SHEEL
WITH LONGITUDINAL BAFFLE

FIXED TUBESHEET
LIKE*N STATIONARY HEAD

BONNET (INTEGRAL COVER)
SPLITFLOW U
1 P
oY e £ Y
CHANNEL INTEGRAL WITH TUBE- DO s At r e

SHEET AND REMOVABLE COVER FLOATING HEAD

i i
[ G

i
“I
:

NS
. e

I
LT

SPECIAL HIGH PRESSURE EXTERNALLY SEALED
CLOSURE - CROSSFLOW FLOATING TUBESHEET

51U 4.8 JUuuua quasamlszneunanues S&TE
6.9n31015 11
o s Ao @ ; 1 ] o 4 1 Y o
Taoa Tludasines s lnaiiions lvadinhogmedumed Weanindhmaiuwad
a VI A o 2o ' ! = a A oy
vainams navvuiuihuiisusd luaddniluvie wenvinterveznandsennuduseu

woeInseaddai lignsdslgalseaninavesginsoiuann)dsunnuion daveau
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s 4.9 Fumanis lvavesves lvanelu S&TE

43.6 msmamaulszansmsnsnnnNIeuved S&TE

g/ 4 oL @ o = 3 o
ﬂ'JUN’EH—J\lﬁlﬂ'lif)ﬂﬂLE‘]J'l_Il‘])’ULﬂU'JﬂUQ‘IJﬂ‘iﬂllmﬂlﬂﬂﬂuﬂ’ﬂﬂ‘iﬂulmﬂ PHE M3A1UIU

F
=

manwdon tazmanavesgnseiianiaAuuanuiouny seTE R
fmual

C =5282MNT2WINND , m

S, = i IMauULe, m

D; = suduruguinaianioluvesrio, m

D, = AdUATHEUENA 1N IWNONTRINE , m

Dy;= suduriugudnannieluvourad , m

D,, = AUAUAIUAUENANNYUBNYBUFAA , m

D, = Adurugudnaaiifidumii(Equivalent) , m
Pr=UYUIANN (Pitch) , m

Ly = 520219V miur%u(Bafﬂe) ,m

m, = 89513 1aula , kg/hr

My= Ardasinms Inawranavua , ke/hr

R,= AaUS T'Llfiﬁ(Reynold Number)

2= anuinu3ou , keal/m,hr,°C

4 = AINNUHIA , cP
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P, = AUNTUIAA (Prantl number)

@, = mdulszaninssomanudon , keal/m’hr, °C
{, = AINIUHUIVOUBAA , m

Nr= 31HIUVOIND

Ly=A710817909718 ,m

L, = AMNOIUDUFAA ,m

NILUIUMIBONLUY S&TE[6] Taol435m A 1ag3T Kern Method
3

- = N yve =
ﬁWNWEDﬂﬁU1ﬂLﬂH‘UHﬂ@ﬁ1ﬂ JU

LANsanuaduigudrainielu uazneuanvevio
2. MTUITIUIMUBIND N, 1AZNITIAINND I TUMIAMIBLHIITUINTIAIN
WUVUEIMAY (Square-Pitch )

3. §IUABVHIATN (Pitch) , P, wazlszinmmaidusiiguonalsnnmsanag
a. - Pr=1:3D, 4.27)
4,15 UINNNENVOIND, L, & funamidilunsemanydon 4 9218
A= 3. 1416D,LiN; (4.28)

= "W 1 1 1 a 1 '
5.6AIDATITIUITEHITNAIIWYINDLUAZ VU INVDIUYAR ﬁ’magmﬂﬂlum 5 ﬁx’l 10

L4
6. N1TIYDINNVDILNUNY (Baffle) Lyhae VIUIUVDIADIN

Ly = LU (4.29)

o T = ::r ] L7 ::‘ Y 1 9 -7 1l n:!y
7.ﬂTL&’J'EL!ﬂ"lﬁil‘]_lﬁﬁﬁ‘ﬂ‘ﬁﬂﬁE]"IfJLﬂﬂ']’lﬂJS'P)N"U’E'N“t’lx‘l“ﬂNﬂ'm?’lﬂi‘]fﬁliﬂ'liﬂﬂﬂﬂ],‘IJ'H

g ==, (4.30)

_DC'Ls
Pr

5. (4.31)
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b, (4.32)
D,
s .4 (4.33)
R. :mS_D" (4_34)
M
Cptt
A
1
y >33002 19763 (4.36)
RD,

oA =Y n( 1 3) ¥
8.‘IJS21'1]’]'El.lﬂ1ﬁﬂﬂ5$ﬂﬂﬁﬂ15ﬂ'}6lﬂﬂ?1ﬂ§ﬂu, U "U'ENTJU‘UNlﬂ
L\ (ao tube sr'de) +( Qo shell sida) (437)

¥ ¥ 1
9. A g anuad IR lines NIz A
;{dl:; o o i A 1o = 4\‘ U
10. MonmsesnLnfiRaps e wa AN sEanBmanem Amious Iy
£ 9 [ 4 o Y '
FanaoiuglnsaianasuaruTeumuEmanazmsy

¥ 1
1. Ansaniagdmsundazyiie tazlszanamniming oy ez ld
USwnsuoans =0.784 D2 — DL, N» (4.38)

Ysunsvousad = 0.7840% = pAL: +1.568 D% (4.39)
P

' ¥ ¥ ' .
e ummmiuaeuaee mariud wah ldgouaaal3luasei 4.7



M3197 4.7 wamsmuan 1as1435 Kern Method
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aad

s o <
filszney siiagUnsamazving
d) =
Lyan FUA TEMA E
¥ 1 o
aduRIuguona1snoly, m 0.478
1 o
P UHIUFUINANMNBUDN | m 0.508
AW, m 3.13
no 1UIUND 224
siunuMIane Square pitch
9/ I o
A URIUALINA1 1011 | mm 17
WINATURTUFUINANMIOUDN | mm 20
WA (Pitch) , mm 26
i
SLULUHWUNY (Baffle) , mm 96
TJuRn (Bundle) Fixed tube sheet
ar 1 1 "o 1 o 4
RICUER T MFEn IR NN IMBAUERAINEUINA1UYAT | 6.54

Qs = Qd r
fﬂJ‘]J‘i$ﬂ'ﬂ'ﬁﬂ'l'iﬂ'lﬂmﬂ’ﬂwgﬂuﬁ‘JM

102.03 W/m' K

¥V
Wvnn laoyszanm 1063.96 kg
UAYDITA Stainless steel AISI 150

I =1 Y= o Y= g [ e
oi13 1585t msmiaa Tneld3s  Kern method - tiuidlundnmsluniseenuuy

A1 i, oy ' o — Y ° [
Heltluszanamssiniy ualumsoenuuuldauss siuianusudousnn msth T sunsun

o dounaznena  saianununzaunnn i lsunsuishunldlumsesnuuy

o = aA 4 [
aulnsaiuaniasuamudeumnn S&TE Tivedn HTRI &1 ldgmianin1ay Heat Transfer Research, Inc.

b 3/ ¥ Y
wie HTRI mitlalumseenuuuzgndeanniu Snisdslsenianannniuuasiaunse

Hq Yo A A 1A = & A ¥
Tﬂ‘lﬁ]']ﬁﬂﬁm@mﬂﬂﬂ'mmh"lzﬁhﬂ’QﬂIIﬂEJLﬂW'I&lULS’EN‘U@Qﬂﬂ‘]fmU HAVDINTDDNLUUN NANNIDU

uagmanagananalua1s1eh 4.8 nazminai 4.9 Muday
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19197 4.8 wansA e IaNLSouved S&TE Taely1usunsy HTRI

Fluid Allocation fMuan fMuno
wiavoUed lva vh wadiad
031013 lnawaa, ke/hr 16,910.47 6,500.05
gungil (141 0on), °C 30 35 68 42
ANV UN 0.9947 0.9929 0.9928 0.9228
AUKHA cP 0.8070 0:7298 1321.9 8910.0
anufousumie kikgeC 41832 41799 |- 2.0920 2.0920
MmaNuhnIuTon WmeC 0.6289 0.6317 0.1194 0.1194
usaduvudn kPa 407.457 618.440
AT s 6.558x107 8.623x10”
UTIRUG YT KP 0 25 34.474 20.546
AAud I3 a(ming mK/W 0.000229 0.005861
fATINTmemANNIeN W 98,200
LMTD 20.7
Transfer rate, service W/m°K 21.29
Transfer rate, clean W/m’K 25.49
Surface/ unit (Gross) m’ 226.77
Surface/ unit (effective) m’ 222.57
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M15197 4.9 HANITODNUUUNINAUDY S&TE d181151A5W HTRI

Shell Side Tube Side
LSIAH DONUVY/ NATDY kPaG 1034.21 1034.21
) 1 ,mm 1@77.927 1@52.553
VUIATAAD LA ITAA
200 ,mm 1@77.927 1@52.553
UIUND 518
PAFUAUAUINA1IN18UBAND mm 25.400
ANUHUURDYVDIND ;mm 0.889
AMMY1IND ,mm 5486.33
YUIAHN (pitch size) ,mm 31.750
Yaanldhine 316 Stainless steel (17CR,12 Ni)
Y ' 4 o
AU uguinalmeluas ,mm 800
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Carbon
2 392,725 351,350  41.7A28 1125 131 131 337.5 75 60
Water Seawater 37.3B 22
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Heat exchanger type Mi15 Mi0 TS6 M6 M3  CB300* CB200" CB7T* CB52* CB2r* CBi4
Max. flow rate m¥h 200 180 72 54 14140060 - 102 3463 75127 75127 36
Max. surface area m? 30 106 13 B 4 70 44 19 75 375 o7
Max. operating pressure MPa 25 26 26 26 16 16/26 16 27/20 302 /28 30

Max. operating temperature °C 150 170 180 170 130 225 225 225 225 225 225
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Applications
General heating and cocling duties.

Standard design

The plate heat exchanger consists of a pack of corrugated
metal plates with portholes for the passage of the two fluids
between which heat transfer will take place.

The plate pack is assembled betweeen a fix frame plate and

a movable pressure plate and compressed by tightening bolts.
Thae plates are fitted with a gasket which ssals the interplate
channel and directs the fluids into alternate channels. The
number of plates is determined by tha flow rate, physical
properties of the fluids, pressure drop and temperature pro-
gram. The plate corrugations promete fiuid turbulence and
support the plates against differential pressure.

The plate and the pressure plate are suspended from an
upper carrying bar and located by a lower guiding bar, both
of which are fixed to a support column.

Connections are located in tha frame plate or, if
either or both fluids make more than a single pass
within the unit, in the frame and pressure plates.

Typical capacities

Liquid flow rate

Up to 80 kg/s, depending on media, pemmitted pressue
drop and temperture program.

Plate types
M15B, M15E and M15M

Frame types
FM, FG, FD and FML

88
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Working principle

Channels are formed between the plates and the corner ports
are arranged so that the two media flow through alternate
channels. The heat is transferred through the plate between
the channels, and complete counter-current flow is created
for highest possible efficiency. The comrugation of the

plates provides the passage between the plates, supports
each plate against the adjacent one and enhances

the turbulence, resulting in efficient heat transfer.

&)
Standard materials
Frame plate
Mild steel, Epoxy painted A Fow principle of a plate heat exchanger
Nozzles v
Carbon steel
Lined: Stainless steel, Rubber lined, Titanium Dimensions
Plates e
Stainless steel: AlS| 304, AIS| 316 -4 = I
Titanium a T (T
réeds DI e
Alloy 254 SMO ol g HH -
Mt
I
Gaskets (Clip-on/Tape-on, Glued) J b ¢ : ‘!“‘ '
Nitrle  Nitrie hydrogenated = 8 i
EPDM  Viton®G I :
AL-EPDM N VT &
. [ MilE
Connections K L 1
FML  Size150mm  DIN 2501 PN10 \ &¢ F - i
FM8  Size 150 mm DIN 2501 PN10 or ANSI 150 M
easurement
FG8 Size 150 mm DIN 2501 PN16 or ANSI 150 ik 9
FD8 Size 150 mm DIN 2501 PN40 or ANSI 300 Type H W h
FD10  Size 150 mm DIN ANSI 400 M15-FML 1815 510 375
) M15-FM8 1,815 610 275
Technical data M15-FG8 1,815 850 275
Max. working pressure M15-FD8 1,880 650 370
FML/FM8 {110 bar.over prassure M15-FD10 1,980 850 370
FG8 16 bar over pressure The reritrer of fightenirig belts ey vary depending on g,
FD8 30 bar over pressure
FD10 400 psi over pressurs
Maximum heat transfer surface Particulars required for quotation
300 m? (4,200 sq. ff - Flow rates or heat load
- Temperature program
~ Physical properties of liquids in question (f not water)
- Desired working pressure

- Maximum permitted pressure drop
- Available steam pressure

PD 57079 E1/ 0205 All nghts reserved fur changas in specifications

How to contact Alfa Laval

Contact details for all countries

o continually updated on our website,
Please visit www.olinlovel.com to
exceas the information dirsctly.
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844 PROCESS HEAT TRANSFER
-TA.'BLE 11. Dmdensions or StEEL Pier (IPS)
Nominal Schaduls Flow area Surfag: ? ?t. 3G Weight
pipe size, | OD, in. "y, ID, in.| per pipe, e per lin ft,
IPS, in. i in.? Outside | Inside b steel
14 0.405 40* 0.269 0.058 0.106 0.070 0.25
80t 0.215 0.036 0.056 0.32
2 0.540 40* 0.364 0.104 | 0.141 0.095 0.43
80t 0.302 0.072 0.079 0.54
% 0.675 40* 0.493 0.192 0.177 0.129 0.57
80t 0.423 0.141 0.111 0.74
34 0.840 40* 0.622 0.304 | 0.220 0.163 0.85
80t 0.546 0.235 0,143 1.09
34 1.05 40* 0.824 0.534 | 0.275 0.216 1,13
80% 0.742 0.432 0.194 1.48
1 1.32 40* 1.049 0.864 0.344 0.274 1.68
801 0.957 0.718 0.250 2.17
134 1.66 40* 1.380 1.50 0.435 0.362. 2,28
801 1.278 1.28 0.335 3.00
114 1,90 40* 1.610 2.04 0.498 0.422 2.72
801 | 1.500 1.76 0.393 3.64
2 2.38 40* 2.067 3.35 0.622 0.542 3.66
80 1.939 2.95 0.508 5.03
214 2.88 40* 2.469 4.79 0.753 0.647 5.80
80t 2.323 4.23 0.609 7.67
34 3.50 40* - | 3.068 7.38 0.917 0.804 7.58
80t 2.900 6.61 0.760 10.3 -
3 4.50 40* 4.026 12.7 1,178 1.055 10.8
80t 3.826 11.5 1.002 15.0
6 6.625 40* 6.085 28.9 1.734 1.590 19.0
80 5.761 26.1 1.510 28.6
8 8.625 40* 7.981 50.0 2.258 2.090 28.6
807 7.625 45.7 2.000 43.4
10 10.75 40* 10.02 78.8 2,814 2.62 40.5
60 9.75 74.6 2.55 54.8
12 12.75 30 12.09 115 3.338 3.17 43.8
14 14.0 30 13.25 138 3.665 3.47 54.6
16 16.0 30 15.25 183 4,189 4.00 62.6
18 18.0 20t | 17.25 234 4.712 4 52 72.7
20 20.0 20 19.25 291 5.236 5.06 78.6
22 22.0 201 | 21.25 355 5.747 5.56 84.0
24 24.0 20 425 6.283 6.09 94.7

23.25

* Commonly known as standard.
1 Commonly known as extra heavy.
1 Approximately,
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Improving Cooling System for Energy Saving in Composite Plant

Pissanu Promwong, Amphawan Chaikla, Ruedee Masuchun,
Dumri Chansangsuk, and Prasit Julsereewong

Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang, Bangkok, Thailand
(Tel: +66-2-739-2406-7; E-mail: kjprasit@kmitl.ac.th)

Abstract: This paper describes an improving cooling system in the composite plant. In order to save the energy, a plate-and-frame
heat exchanger has been used to replace the traditional worm cooler. The composite plant in Thailand was studied as an illustrative
case study. The experimental results demonstrating the saving in energy costs and some economic benefits of the proposed technique

are obtained.

Keywords: energy saving, heat exchangers, cooling system, composite plant

1. INTRODUCTION

There are several characterizations for industrial
consolidation and upgrading such as process technology
upgrading, and automation of production processes for
improved throughput and reduced contamination, The energy
cost minimization is one of the most important problems to be
solved [1].

The cooling system is one of the most energy consuming
parts to be minimized. Accordingly, there has been much
effort to reduce the dissipated energy of the cooling process
[2-4]. This paper aims to present the similar energy saving to
minimize the energy costs for industrial cooling process.

Heat exchangers are commonly used in a wide variety of
industrial, chemicals, and electronics processes to transfer
energy and provide required heating or cooling. When
designing a heat exchanger, one must first determine the type
of exchanger to use. The selection process must take account
of a number of factors; all of which are related to the specific
application. These factors include the following [5]:

- Economic factors

- Thermal and hydraulic requirements

- Compatibility with fluids and operating conditions

- Maintenance

- Availability
When two or more aspects are applicable, one usually goes
with the economics first.

Traditionally, in many off-design cooling systems of
Thailand’s industries, the automatic choice has been the worm
cooler. It consists of the pipe coils submerged into a box filled
with water. Although worm cooler can be simply construeted,
it is extremely expensive on a square meter basis and its rate
of heat transfer is varied seasonally. Moreover, the operation
time of cooling process is time-consuming. In order to save
the energy costs, the new type of heat exchangers will be used
to replace the off-design worm cooler.

Although heat exchangers come in every shape and size
that you can imagine, the construction of most heat
exchangers falls into one of two categories: shell-and-tube, or
plate-and-frame. There are many advantages of
plate-and-frame heat exchangers over shell-and-tube heat
exchangers [6], such as higher overall heat transfer coefficient,
lower space requirement, lower holdup volume and residence
time, and easier maintenance.

This paper presents the improving cooling system to
minimize the energy costs based on the energy saving. The
proposed technique uses a plate-and-frame heat exchanger to
replace the traditional worm cooler. The performances of the
proposed technique were observed using a cooling system of

the composite plant at Shell Company of Thailand as an
illustrative case study. The experimental results demonstrating
the energy saving and some economic benefits of the proposed
improving are included.

2.COOLING SYSTEM IN COMPOSITE PLANT

Bitumen storage lank (T1)

— Bilumen pump

Strainer

Emulsifier storage tank
T2

QD——O To B1, B2
(Buse emulsiou storuge tank)

Mill pump

Emulsifier pump

Strainer

Fig. 1 Bitumen Blending Unit.

The bitumen blending unit is shown in Fig. 1. The bitumen
is stored in feed tank T1 usually at temperature of 135-150°C
maintained by thermostatically controlled heating coils. The
bitumen feed pump draws from tank T1 through a 0.5mm
mesh strainer. The dilute emulsifier (concentrated soap) stored
in feed tank T2 generally at temperature of about 35°C. The
bitumen pump and the dilute emulsifier pump are set to
deliver the components in the accurate proportions for the
required grade to the mill pump (homogenizes). The bitumen
is dispersed as small particles in the soap solution to form the
base emulsion. With the foregoing component temperatures,
the base emulsion exit temperature should be within the range
of 75-78°C. The centrifugal action of the mill pump creates
sufficient pressure to deliver the base emulsion to the nearby
storage tanks Bl and B2 (see Fig. 2) for cooling system.

Fig. 2 shows the control loop diagram for the cooling system
in the composite plant. The base emulsion at temperature
75-78°C from blending unit is first stored in tanks Bl and B2
for 3-5hrs to cool down the temperature to about 65-70°C
before cooling with the heat exchanger. The heat of the base
emulsion is transferred to the colder water. The heat taken
water is then cooled down using the cooling tower. The tanks
B3 and B4 are used in cooling sequences to achieve the target
temperature.  The cooled base emulsion at desired
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Fig. 2 Cooling system control loap.

temperature of 40-42°C is stored in tank B5 before continuing
successive processes to become finished product. To reserve
the right final emulsion viscosity, the maximum cooling rate
should be 20°C/kg/hr and the maximum operating pressure
should be 75psi. The important properties of cooling
base-emulsion used for the design conditions of heat exchanger
are summarized in Table 1.

Table 1 Important properties of cooling base-emulsion,

Density (kg/m®) 992.4
Specific heat 0.5
capacity(kcal/kg®C)

Thermal conductivity 0.103
(kcal/m,hr,°C)

Viscosity (cP) at 68.0°C 2000
Viscosity (cP) at 42.0°C 9000
Inlet temperature of 68.0
heat exchanger (°C)

Outlet temperature of 42,0
heat exchanger (°C)

3. COOLING SYSTEM WITH WORM COOLER

The worm cooler (see Fig, 5a) is the one of various types of
heat exchangers. At Shell Company of Thailand’s composite
plant, the worm cooler is used to transfer heat energy from the
base emulsion to the colder water for aver the past 20 years.
The worm cooler consists of the stainless pipeline with 3in in
dimension and 50m in length submerged into a box filled with
water. The rate of heat transfer is varied seasonally. The
experimental operation time of cool base emulsion loop using
worm cooler is about 13hrs based on the amount of cooled
base emulsion for 20,000kgs. The mass flow rate M can be
estimated by

M =%’-=£ﬁ§2=l,538.46 ke/hr m

where n and ¢ are the mass of cooled base emulsion and cooling
operation time, respectively.

The square meter of heat transfer area 4 can be calculated
based on the dimension of the used steel pipe [6], where pipe
dimension, pipe length, and schedule number are equal to 3
inches, 50 meters, and 40, respectively. Thus, the surface area

A is approximately 13.97m”. The total heat transfer rate Qean
be stated as

Q=Mc,(T,-T.)
=1,538.46%0.5x (68 - 42) = 20,000 kecal/hr 2)

where:

¢, is the specific heat capacity of base emulsion
(0.5kcal/kg,*C).

T, is the temperature of the hot base emulsion (68°C).

T. is the temperature of the cold base emulsion (42°C).

4. IMPROVING COOLING SYSTEM

When improving coaling system, one must first determine
the type of exchanger to replace the off-design worm cooler.
This paper focuses on the effective plate-and-frame and
shell-and-tube heat exchangers. Each exchanger has
advantages and disadvantages [5-6]. The comparison results
are as follow. :

4.1 The plate-and-frame heat exchanger

The plate heat exchanger as shown in Fig. 3 consists of 2
stack of corrugated metal plates pressed together in a frame
and sealed at their edges by a compressible gasket to form a
series of interconnected narrow passages through which fluids
are pumped,



Fig. 3 Plate-and-frame heat exchangers.

Since the heat losses from the heat exchanger are negligible,
the total rate of heat transfer O between the hot and cold fluids
passing through the plate heat exchanger can be expressed as

Q - Mﬁcph (Th.h y Tr-.m) = Mc‘:,e(rc.m ‘:’;.u) (3)
and 0 =UAAT, @

where:

M,,M.  arethe mass flow rates of the hot and cold fluids,
respectively (kg/hr). -

Cohs Cpe are the specific heat capacities of the hot and cold
fluids, respectively (kcalkg,°C).

Thim Ten  arethe inlet temperatures of the hot and cold fluids,
respectively (°C).

Thoun Teow are the outlet temperatures of the hot and cold
fluids, respectively (°C).

1% is the overall heat transfer coefficient (kcal/
m?hr,°C).

A is the total projected plate area (m?),

ATy, is the effective temperature difference (°C).

Care must be taken in defining A, It can be based on the true
total effective surface area of the plate including corrugations
or on the projected area, The plate heat transfer coefficients
used must be based on the same definition of area as that used

in caleulating 0, In this paper, A refers to the projected area
which heat is being transferred as

A=Na=NLW )

where:

N is the number of effective plates.

a is the projected arca of a single plate.

L is the single plate length in the direction of flow (m).
W is the single plate width in the direction of flow (m).

Note that there are two end plates through which heat is not
transferred and are not included in the total M.

The overall heat transfer coefficient (O.H.T.C) for the plate
heat exchanger is given by

—t—=—l-+—‘—'Ii--+—l—-+}?‘r 6)
U a A, «a

» ©
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where:

a, is the hot fluid heat transfer coefficient (keal/ ml,hr,°C).

@, s the cold fluid heat transfer coefficient (kcal/ m%hr,
20

& is the plate thickness (m).

lF is the plate conductivity (kcal/m,hr,°C).

R, s the fouling resistance for both surfaces of the plate
(m?,hr,°C/kcal),

For the single-pass plate heat exchanger in counter flow,
AT, can be given by

T

(7= To) = (o =

A = =
Ot = T (e T

)]

where:
AT,y is the logarithmic mean temperature difference

(LMTD),

The design conditions of plate-and-frame heat exchanger as
shown in Table 2 use M15-MFM8 Alfa-Laval model. The
estimated dimension of heat transfer process is 0.325m in
width, 1.885m in length, and 0.610m in height. The estimated
dimension of the installation size is [.453m in width, 1.885m
in length, and 0.610m in height. The net weight is 944kgs.

-

Table 2 Design conditions of plate heat exchanger.

Condition Hot side Cold side
Fluid Base Water
emulsion
Density (kg/m”) 922.40 993.60
Specific heat capacity 0.50 1.00
(kcalkg,°C)
Thermal conductivity 0.103 0.533
keal/m,hr,°C)
Inlet viscosity (cP) 2,000 0.801
Outlet viscosity (cP) 8,910 0.705
Mass flow rate (kg/hr) 6,500 13,800
Inlet temperature (°C) 68.00 30.00
Outlet temperature (°C) 42.00 36.10
Pressure drop (mwg) 51.10 0.126
Heat exchanged (Mcal/h) 84.50
LM.TD (K) 20.30
O.H.T.C. clean conditions 112,10
(kcal/m? hr,°C)
OHTC. 94.56
service(kcal/m? hr,°C)
Heat transfer area (m’) 44.00
Fouling resistance 0.17x10%
(m?,hr,°C/keal)
Duty margin (%) 18.5
Direction of fluids Countercurrent
Number of plates 73
Effective plates 71
Number of passes 1
Plate material/thickness (mm) AISI 316/0.50
Sealing material FPMG
Connection size (mm) 150.00 150.00
Design/Test pressure (atg) 5.10/6.60 5.10/6.60
Design temperature (°C) 70.00 40.00




The overall heat transfer coefficient is calculated based on
the CAS-200 program for plate-and-frame heat exchanger
design; 94.57kcal/m* hr,°C used for sizing the total plate area.
Substituting the values from Table | into the Eq.(3) and Eq.(7),
we have

0=6500x0.5%26=84,500 kcal/hr ®)

68-36)—(42-30
and AT, = [( )~( )] =204 °C 9)
In[ (68-36)/(42-30)]
Substituting Eq.(8) and Eq.(9) into Eq.(4), the total plate area of
the heat exchanger can be rewritten as

0 84500 5

= = =44 m (10)
UAT,,, 94.57x204 .

The experimental operation time of cool base emulsion
loop using plate heat exchanger is approximately 3hrs based
on the amount of cooled base emulsion of 20,000kgs. The
mass flow rate M can be estimated by

!

2 20200 6,667 Kg/hr an

The maintenance for clean and recondition the plates is
required when an overall heat transfer coefficient is decreased
and the pressure drop is increased. The cleaning method is
very simple and easy by simply using the detergent.

4.2 Shell-and-tube heat exchanger

A host of units known as shell-and-tube heat exchangers
(see Fig. 4) are built using round tubes mounted on cylindrical
shells with their axes parallel to that of the shell.

Fig. 4 Shell-and-tube heat exchangers

The TEMA (Tubular Exchanger Manufacturer’s
Association)  standards  size-numbering  system s
straightforward and simple. It is, in general, used for process
and commercial heat exchanger and also suitable when
designating the size of shell-and-tube heat exchanger for our
improving cooling system with the same design conditions as
plate-and-frame heat exchanger’s.

Given that

C' is the gap between tubes (m).
S, is the cross-flow area (m?).

D; is the inner tube diameter (m).
D, is the outer tube diameter (m).
D,; is the inner shell diameter (m).
D,, is the outer shell diameter (m).
D, is the equivalent diameter (m).
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is the pitch size (m).

is the baffle spacing (m).

is the mass flow rate (kg/hr).

is the total mass flow rate (kg/hr).

is the Reynold number,

is the thermal conductivity (kcal/m,hr,°C).
is the viscosity (cP).

is Prantl

is the heat coefficient (kcal/m? hr,°C).
t, is the plate thickness (m).

Nr is the number of tubes.

BRI NPEIET

The design process of shell-and-tube [6] can be explained as

follows.

1, Determine the inner and outer tube diameters

2, Determine the number of tubes, N, and tube arrangement. In
this paper, the square-pitch type has been considered
because of a rough sketch.

3. Caleulate the pitch size, Pr, and approximate the shell
diameter from a sketch as

P.=13D, (12)

4, Determine the length of tube, Ly, which is available for 44
m” in the heat transfer arca 4 as

A=3.1416D LN, (13)

5. Check whether the ratio between tube length and shell
diameter is within 5 to_10.

6. Determine the baffle spacing, L;, and the number of spacing
as

I,=02D, (14)

7. Calculate heat transfer coefficients of both shell and tube
sides using the following equations.

C'=R-D, (15)
5, =RC Ly RS (16)
D, =50.1275( £.)* ~3.1416(D3 ) /4 (17)
m, = M.S, (18)
R,=mD,[q (19)
P=c,nfd (20)
a, =036ARP™ /D, @n

8. Estimate an overall heat transfer coefficient, U, of the system
as

U ={a, tubeside) + (a, shellside) (22)

9. Repeat all calculation with other suitable parameters.

10. Select the best design with respect to the recommendation
and the overall heat transfer coefficient, which is similar to
the plate-and-flame heat exchanger.
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1. Determine materials for each type and estimate an overall

5. THE SAVING RESULTS
weight, that are,

At the composite plant of Shell Company of Thailand, the

Tube volume = 0.784D7 — D] L. N, (23) plate-and-frame heat exchanger has been used to replace the
worm cooler for improving cooling system as shown in Fig. 5.
Shell volume = 0.784D:, D4 l.SﬁSDf,zP (24) The costs of cooling system improving are given in Table 5.

Table 3. Design conditions of shell-and-tube heat exchanger

Shell  |Type TEMAE
(one pass shell)
Inner diameter (m) 0.478
Outer diameter (m) 0.508
Length (m) F o E]
Tube  |[Number of tube 224
Arrangement type Square pitch
Inner diameter (mm) 17.00
Quter diameter (mm) 20.00
Pitch (mm) 26.00
Baffle spacing (mm)_ 92.00
Bundle Fixed tube sheet
Ovenall |Ratio (L#/D,) 6.54
0.H.T.C (kcal/m*hr°C) 95.62
Estimated weight (kg) 1,063.96
Material Stainless steel AISI
150

The design conditions of shell-and-tube heat exchanger are ]
given in Table 3. The cleaning process is very important for o
shell-and-tube heat exchanger. If cleaning process is not
performed, the efficiency will decrease and the tube corrosion
will occur. The cleaning process is required when an overall
heat transfer coefficient is decreased and the pressure drop is
increased. In general, the cleaning methods are high-pressure
water, hydrosonic, hydroblast, bum, and sponge balls.

4.3 Comparison results

The cleaning process is the one of most important
maintenance for the heat exchangers. Although the stainless
steel is used, the substances and contaminants in fluids can
cause the corrosion. The cleaning process of plate-and-frame
heat exchanger is cheaper and easier than the shell-and-tube
type’s. From the design conditions shown in Table 2 and
Table 3, Table 4 gives the comparison results.

Table 4 Comparison results.

Condition plate-and-frame| shell-and-tube
heat exchanger | heat exchanger

Heat transfer area (m’) 44.00 44.00
0.H.T.C (kcal/m”.h.C) 112.1 95.62
Dimension of heat transfer | 0.325mx 1.885m| 0.508mx 3.13m
process % 0.610m % 0.508m
(width = length x height)
Estimated weight (kg) 944 1064

The comparison results show that the plate-and-frame heat
exchanger is more suitable to replace the off-design worm
cooler for improving cooling system.

(c) ARer plate heat exchanger installation
Fig. 5 Cooling system improving.

The true production costs saving based on the amount gf
cooled base emulsion for one batch (20,000kgs) occurred in
2003, can be calculated as



Table 5 The costs of cooling system improving.

Plate heat exchanger 317,503Bt
Materials (piping, valve, etc) 42,300Bt
Mechanical work 29,593Bt
Civil work 12,0008t
Total 401,396Bt

Before improving (the operation time = 13hrs):

Maintenance costs = 36,000Bt/yr
Electrical consumption = 13.801kW/hr

=~ 13.801 x 13 ~ 179.413kW
Electrical costs = 3.7BU/kW ]

=3.7x179.4413
Manhour; 13hrs (8hrs + Shrs Overtime)
Labor costs ~ (8x350) + (5% 75) =775 Bt
Total costs = 663.828 + 775 = 1438.82 Bt/batch
The amount of maximum production = 120 batches/yr

=~ 663.828Bt

After improving (the operation time = 3hrs):
Maintenance costs = 10,000Bt/yr

Electrical consumption = 13.801kW/hr

~13.801%3 = 41.403kW
= 3.7BvkW

~3.7%41.403 = 153.19Bt

Electrical costs

Manhour: 3hrs

Labor costs = (3Ix50) ~ |50Bt
Total costs =~ 153,19+ 150 = 303.19Bt/batch
The amount of maximum preduction = 250 batches/yr
The results from the proposed improving
Saving in energy costs
~ 663.828 - 153.19 = 510.638Bt/batch
Saving in labor costs
= T15-150 ~ 625Bt/batch
Total saving in production costs
~510.638 +625 = 1,135.638Bt/batch

Saving in maintenance costs

= 36,000 - 10,000 = 26,000Bt/yr
Increasing in the amount of maximum production

~ 250 - 120 130batches/yr
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The improving cooling system results show that the
production costs and the maintenance costs drop to 78.93% and
72.2%, respectively. In addition, the amount of production
expands to 108.33%.

6. CONCLUSION

The improving of cooling system in composite plant has
been presented in this paper. The proposed technique uses the
plate-and-flame heat exchanger to replace the off-design worm
cooler. The experimental results show that the proposed
improving can reduce the energy costs and the maintenance
costs. Moreover, the amount of production expanding can be
achieved.
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