g Mahidol University
W | Faculty of Environment
-/ and Resource Studies

‘ = s = a 1 q'J = d‘:’ JH.
% NM5UTEYNIVINGTTLAUVIA N1TRRIU0E9T8U (AT 2)
AN

A
ENSD EN Sustainable Development National Conference (ENSD Conference 2™)

et ot et i s

AMEAWINAaNLATNIT N INTAENS UNTIneduutina Faculty of Environment and Resource Studies, Mahidol University

nsnUsEansnmgunsaluanilasuanudou e aai s umuURUI

ASULATOINANUN UYL AN VUSNAERNVUIALAN

waeglwdy daunn, JARNY §UgAs, Wntd Beiaen, audud 9v¥eya’, uas aigwa vaneduy

Ineaenserwilds ennethulls SviaTivys Usumealney

*Corresponding author: khomsan.cc@smail.com
UNANED

nAeETngUsrasAileAnymaresdnsimslvauazgamnivesimaodurian aenauAsuulasgumgd
yvenvestmasifunaraamgivioonvedloundlnlslada wWisuifsugamginesnleunalnlsladauassum
ddudemasiiniunuule sssgunsaanUdsususeunuuiuiugUnsaianiudsuausounistmasidu ‘
wuunuauiiauty Tglauumemsseniuuuaydinsgvinionissiassmanamansvesialisdumneuyiily
yagou 2 JUUU Ae gunsaluanFsumusouuuuliiiiilnaiy usrgunsaluandeurusounistivaoduiuy
wpuidlaiiuaruduluresedinauasshainsmemariseulunszuaunsmuLLy AATEinInsEeiies
Ausvesvasttva gamall wardnvasnislnavesimasifumslugunsninandeuniusou meladoulsss
mslvavestimasifurien 0.025 0.1, 1, 2 uag 4 L/min I%Iﬂs"l,wg;qmmﬁmaﬂamnnssmumimamﬁ’]ﬁuﬁlﬁymmi

=

- MAABe WUERTINSva 4 U/min Sgumgiliadenisesnved pyro-gas Wazilgam)iiiadunisesnves pyro-gas 1 |

- gallenIeuiudnnnisivadu lneligamgiiiafisgeaaniieented pyro-gas g 254.16 °C gaumngiiadugagn

- nseenvesivaaiiueyil 80.56 °C Idasnisina 0.025 L/min fgamgiadenisesnuves pyro-gas wazlaamgil

a

RAssenvestimasifugeiigaideiFoutusnsnisivadu Tnefigamgiiadvgeaanisesnues pyro-gas wagin
 weaiduiiunnidasinisivadu egil 324.84 °C uar 316.89 °C AUAG Fauandlmiunnisifingasimslnanes
thmaoiduiinalngnsnoUsyAvEAMIMULLLIITUU ansvnassnunmslaimaeifuuuunuiusugUnsa

waniAsuanuseutuuneAnuIuiuvedluatstiinauduuresnisie amaludniinisaemariuseunay

- UsgAnSam vessruuauluuiiuTueilled Ay WawSeuiisuiuszuulvanss YSunashihudeundenaiuuuy

lovinau Inefivsuesundiudile 5,800 faddns neumiiningAu 5,000 NS szezadily 90 unil

ANdAY: gunIakaniUisuANseu / nssuaunsinlslada / wuudiaesmamansvedna / didudomds /

L YHEWAERN



| Faculty of Environment
-/ and Resource Studies

o a 9 a o & oA & o g Mahidol University
g NSUSEYUIYINTILAUYIR NITWAUIDENEIBUY (ATIN 2) {4)

A . "
ENSD EN Sustainable Development National Conference (ENSD Conference 2™)
AMEAWINAaNLATNIT N INTAENS UNTIneduutina Faculty of Environment and Resource Studies, Mahidol University

Optimizing a circulating water-cooled heat exchanger for fuel production
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Abstract

This research aims to study the effect of inlet cooling water flow rate and temperature on the changes
in cooling water outlet temperature and pyrolysis gas outlet temperature. A comparison of pyrolysis gas
outlet temperature and condensed fuel oil yield was made between a conventional heat exchanger and a |
developed circulating cooling water heat exchanger. The design and analysis were performed using
computational fluid dynamics (CFD) simulation before testing two configurations: a non-circulating water heat
exchanger and a circulating cooling water heat exchanger to increase fluid turbulence and heat transfer rate
in the condensation process. The fluid velocity distribution, temperature, and cooling water flow
characteristics within the heat exchanger were analyzed under inlet cooling water flow rates of 0.025, 0.1, 1,
2, and 4 L/min. Using the experimentally obtained oil processing vapor temperature profiles, it was found
that a flow rate of 4 L/min resulted in the lowest average pyrolysis gas outlet temperature compared to
other flow rates. The average maximum outlet temperature of the pyro-gas was 254.16 °C, and the average
maximum outlet temperature of the cooling water was 80.56 °C. At a flow rate of 0.025 L/min, the average
maximum outlet temperature of the pyro-gas and cooling water were the highest compared to other flow
rates. The average maximum outlet temperatures of the pyro-gas and cooling water were higher than other
flow rates, at 324.84 °C and 316.89 °C, respectively, demonstrating that increasing the cooling water flow rate
directly affects the condensation efficiency of the system. Experimental results showed that using swirling
cooling water through a platter tube heat exchanger increased flow turbulence, resulting in a significant
increase in heat transfer rate and condensation efficiency compared to a direct flow system. The amount of

condensed fuel oil also increased, with a volume of 5,800 ml per 5,000 g of raw material in 90 minutes.

Keywords: Heat exchanger / Pyrolysis process / Computational fluid dynamics / Fuel / Plastic waste
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Materials Density, P Specific Cp Molecular Thermal Dynamics viscosity,
(kg/m?) heat,c, (kJ/kg-K) mass Conductivity, k 1]
(J/kg.K) kg/kmol (W/m.K) (N. s/m?)
Stainless steel 8055 480 15.1
Copper 8960 385 401 -
Water 997.13 4182 0.61 0.891x 107
Pyro-gas 106.7 2015.8 1.25 7], [9] 29 [7], [9] 0.182 3], [7] 2.1856 x 107 [7], [9]
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Taofi
Thin = PUNNHYDI pyro-gas U ()
Thout = PUNNHYDI pyro-gas Y10 (°C)
Tem = gaungivesimaaidurian (o

aamgivesnaeiduuienn (<)
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Qn = Ihth,h(Th,in — Th,out) (2)
Q= mccp,c(Tc,in - Tc,out) (3)

UsgdnsnmussaindlaniUdsuni1useu Heat Exchanger Effectiveness (€) @unsaruanlaain

€= Qact _m.CP.C(TC,out_TC,in) @)
Qmax Cmin(Th,in— Tc,in)

13 Coin = 8131AUYANUTOUAINTAUBY (52NN Thecy . U ThyCpp)
i, = dnsnsivalaeiavemasidu (kg/s)
iy, = dnnsiualagaig pyro-gas (kg/s)
Cpe = AUTOUT AN URIABLEU (J/kg.K)
Cpn = AUTOUIWNE pyro-gas (J/kg.K)
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Average Temperature outlet water

Avge Temperature outlet pyro-gas

Temperature (Fluid) ['C]

e .025 Lfmin e 1 L/mniin A L/Min  ee— L/min  e—4 | fmin
(025 L/mMin  e—(_1 L/min 1L/Min  —T LM —4 L min it i U i b

(n) gungiiiadevieenvesiivasiiy (v) gaumniliadiev1eanves Pyro-gas

PG Temperature (Fluid)

——0.025 L/min =01 Ljmin LU/min 2 Ufmin  ——4 Lfmin

(n) gaungiwisvesimaaiduuiinlu chell

JUT 3 uanansiSeuisugungiivadievieanves Pyro-gas uazthmaeiduiidnsinisiva 0.025, 0.1, 1, 2 uaz 4 L/min (n) aaumgdl

= 3 e a 4 a 4 5 & a
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CutPlt 1 cartours CutPiot 2 conlours

CutPlot 1 cortours CutPiot2

(1) 0.025 L/min (@) 2 L/min

JUT 4 uananisiSeudisunisnsgaediveseungiives Pyro-gas uazthmaeiduiisnsinisiva 0.025 uag 2 L/min (n) 0.025 L/min
(@) 2 L/min

mﬂgﬂﬁ 4 N13N52YAIYUNNIAVBI Pyro-gas LLam}méaLﬁiﬂ,uqﬂﬂiﬂju,aﬂLU?{auﬂmm;auﬁywﬁméaLﬁu
qummuﬁé’mwmﬂwa 0.025 way 2 L/min T,maﬁqmmﬁmaL‘Jwamfmémﬁuﬁ 25 °C ﬁﬁqmmﬁmavﬁyﬂ‘uaa
pyro-gas i 500 °C WU msﬂszmaﬁaqmmﬁ‘uaaﬁméaﬁuﬁﬁmwmﬂma 0.025 L/min 40151523186 2084
qquﬁaﬁuaua Iﬂaﬁqmmﬁmé"wwaaﬂ‘uawaa pyro-gas aq‘ﬁ" 307.66°C qmmﬁLa?{amaaaﬂmaaﬁméalﬁu
n9een 312.97 °C ASAs1Mslva 2 L/min flguvgfitedsnisesnueses pyro-gas oyl 285.33°C gumgiilads

Neanvosandunisesn 105.83°C

Average Temperature outlet water Avge Temperature outlet pyro-gas
100 300
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5.3 WisuifisuuSumiiudamasiaauuiuld sswinsgunsaiuanidsuaufeunvuidnivaunsal
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