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operating load characteristics of energy saving heat storage
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Abstract

In recent years, air pollutants that have been indicators of poor air quality in
Taiwan have mainly been PM2.5 and ozone. Ozone is a photochemical pollutant
whose precursors are volatile organic compounds (VOCs) and nitrogen oxides (NOy).
Recently, the Environmental Protection Agency has also actively paid attention to the
feasibility investigation of the reduction of VOCs emission sources that are precursors

to ozone generation, and the control of VOCs has also begun to receive attention.

In response to the SDGs of the United Nations and the relevant policies of China's
2050 net-zero carbon emissions, which are economic issues related to the
international competitiveness of our industry, the Nuclear Energy Research Institute
has developed a self-made energy-saving regenerative adsorption and concentration
treatment system, using porous media adsorption and dual The heat recovery system
of the tank can achieve energy saving and improve VOCs processing efficiency, and
can be applied to pollution prevention equipment applications with low VOCs
concentration and energy-saving concepts in semiconductor and agricultural product-
related industries. In order to effectively reduce the design time and evaluate the
feasibility and operation efficiency in advance, this project uses the Finite Element
Method of numerical simulation software based on partial differential equations to
conduct the flow field of the "energy-saving regenerative adsorption and
concentration  system"(Flow rate, pressure and temperature gradient
distribution)analysis and adsorption concentration efficiency simulation, combined
with adsorption and desorption efficiency experiments, the results can be used as a
reference for the refinement and optimization of relevant operating parameters of the

subsequent treatment system.

This project utilizes numerical simulation and adsorption efficiency experiments
3



to establish a model for an energy-saving heat storage adsorption concentration
system. The model is built based on relevant literature and design parameters, and
feasibility evaluations are conducted under different operating conditions to reduce
development time and costs. The model simulates the interaction and load
characteristics of process airflow and heat flow through the concentration tank and
porous media burner at different flow rates and with different porous media. It further
analyzes the saturation time of volatile organic compound adsorbents during the
desorption process under different airflow conditions, aiming to evaluate the optimal
operating parameter settings for the equipment. Tests on the adsorption and
desorption efficiency are conducted using recycled regenerative alumina.
Experimental results show that at concentrations of 250 ppm, 400 ppm, and 500 ppm
of toluene, although the concentrations are 1.61 times and 2 times that of 250 ppm,
the corresponding penetration time ratios are 0.56 and 0.29. This indicates that the
adsorption penetration time is not proportionate to the concentration in cases where
the weight of the adsorbent material is similar (300 grams). Moreover, the penetration
time is influenced by the filling density of the adsorbent. The desorption temperature
is approximately 70~80 °C, but complete desorption can be achieved in about 256-
749 seconds, indicating that high desorption temperatures are not necessary for future

field settings.
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ZSM-5(300) % 7 ¥(87.54 mg/g) %  ft e f3(150.74 mglg) & 4 #ed s

it % £ (Yue et al., 2023) -

IRl 2Rk

SR E R R AR F L AT A A2 A )Y 2 EE
PR - BER Y Btk bR SRAL ok BT
THERBE - REE P RE R ML S EZE TR VOCs A F
U PEY et 5 (el "f Bl SRR KH [ AR RS R
FEF*F HVOCs A > 2 o g F R R DA F o FIR |2 320 F g r
g;' $F A BEL SR 0 T LA H RO R g R 2
¥R A ez B e Bl 2-4 o (Wang et al., 2013; Zhang et al., 2019a,b;
Zaitan et al., 2016) > ® 7 e iRz €45 @ * (2 X 7 el 2 At

N LI
d B 347 FRABACEZ AL TEG AR LA BEgrR* 8
5 MG /O ER T 0 Bt g v F 4F 92%14 b > @ HPR &2 MOFs 2
G A RS BT E I R KSR 2 83.6%2 80.9% o hmtE G G 0 B
AELTTF g B TR EEL > FIE G L atsd s @ 2w B LR B
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3422 A+ B4 o HPR fo MOFs Htd st 241t f 81 S chip 60 2 9

HPR 4= MOFs ’}zlﬁlmfi‘*%—’fﬁ_i THBABETELF AL B g

it e % £ (Li et al., 2020) -

100- !E::tis‘__ ‘
vag O e W e g
. - ~N... e
90 | s o
] - Tk
§ 80 F ’ v\\\ v
- m AC \.
g ® Zeolite
70 - A HPR
v MOFs
60
50 y ; l l |

Ist 2nd 3rd 4th 5th
Adsorption cycles

B 2-4 & 2 TR F iR F B g

A ~ E 4 N s ® (Regenerative Thermal Oxidizer, RTO)
RTO & Fehe > ¢ FHM P E i fm b 424k i
EHMRTO sz 1o > 24 ks 2 #c# # 2 (7% (Gaoetal., 2022) - 3%

jersk g AL 1 E V¥ % 23 & 3ga)(Wangetal ,2017) 1 5 5 s A
LR GEE AR A e E RE BRI S RTO H Y o 2
FEF ARG P TR S B (2 0 B R BRI AR F

FOURME R ¥ BFMARRELEAL AL TT
Fr V- RERAMESAE TLIERSERAILZ BF TV I RAL Y

for @ AT PR LA o

MRS R 4
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WTEC G S AT R L IFE RTO 2 p M v 582 B F % > ¢ RTO
ke B i VOCs ER BB b B2 B f 2 o ApR A T 11 RTO i&
(7225 > 3 & RTO 2 VOCs ik B 5 655 ppm > (SAJE 1 5% 5 42 ppm
LR F 5 93.6% 0 ¥ EEEF F RN L FRSMERT A2 ",fi‘i’jr"i«%r_g

3] 95% > it gD A LT R B AP VOCs #3%2 ThE 22 & RAER
(Leeetal.,2014) - 4p B 77 3 ”Ta‘Fl A1 2 ;8 RTO 2- #Fose F w e ¥ i 97% o ",’TT
B FG - KT RV E T g dE 4 (Gao et al,, 2019) ©

RTO ,: %u¢ VOCs g3 "/T‘ FXERBRBEER P 0 VOCs k& & 7
FRE AT Ap B KRR 5 760°C FF-VOCs 4 ﬁ?—, BB & 96%>
PUpEZ_ GRS/ E Rt L § A% e BT B & 4F RTO 2. 3§ 2 “f’—y‘i R
PR ZERI F2ZARFFL-FAFER L T30°CHF %7 %2343

N

‘—H

‘“\

fﬂﬁﬁ?@ﬁé%%’awﬁi%%$§M@ﬁof&’é%@é% e
AL * 2 T fF> % 7 EH 730 °C iT5 532 5 338 (7.8 & (Yang et al,,
2012) - Sang % A | * g F £V g R B E (Rotary Regenerator-type
Catalytic Combustion Reactor, RRCCR) > & % 45 41 » v i & % E gi:,gm HiZF &
Befa AR F BB HE R 2B BT kR D M RR
(Sang et al., 2018) -

Fobo BERTO f i 7ehy - BERFFE~ 2§ ¢ ¢ VOCs ik
B E i r B h VOCs BB ¥ % MO 4o £ > F] VOCs & §f 24 5 i s o
Mo " vHRBFREBEZER - V- BEELIL BARTO 5P &% 3 B
X AL ARG 0 e A SR E A F ¢ 2 B AR K & 250°Ce
FIP 0 EV AP F LT ER - ERAIEE TV w ARG LA TR
SRR SURED R e R LA S R L TR g
PFEAEMI YN 100°C vy £ 5 619709KI/h- 4p 7§ *t 241 kg/h #
777 (Yang et al., 2012) o
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BppMAamy Mg e ks E (Honeycomb Zeolite Rotor
Concentrator, HZRC) & 73 3 2 ",/TT TFT-LCD % #3 it &4 (VOC)»x
2 iR ST o § HZRC rgZiR &1 &4 2 VOCs # inifF > £ 3 %0
Bhz_ it &5 B rFiEARY B @ A S HZRC ¢ 2 M gkit
B L F AT G Pk o SET]F VOCs 3 o cvk 4R 17 Sl
SERITFIFAPF F O cHER<IIm/ s ¥ RGN ERT 8B 5 R
R R B D 200-225°C 0 F R T T 6.5 #/4 (Lin & Chang, 2009) -

- CEEREAS TR R
T2 BEREIRNEF - FEAEIWHFE AL > SEEPyFR o &%
Foo AP RFIT T RRBERRRPUT > L TR FIRSEAIT k SeF e s B
T 2 e R GE RS EIE SBCH SR R LR %S
B B i Ard AT 22 % o B S d 4 & (Computational Fluid
Dynamics , CFD)#-2] it 53 TR 2L W AFseeryndr > H T it viggp ' & » #
A F R F e I~ kM eiE 7 (Di Benedetto et al., 2010; 2012) A3+ 3
W51 W LA S AT B 2 Hel WO I ANASYS FLUENT » # 4% 4
1~ % ;% (Finite Element Method)i& 7 T & it % #4138 e stk 5 RECHESPE; 2 bt
@RS HERGR A )T E R kR B e i B AR

BfE AT iR 2T o 5 R FiE A B A - B N AR A S AR B

% Jn & e17 Navier-Stokes s = 42358 > 3 A Z 2 a5 2 VA ) 2l
FUk KBTI 2 AR fR(F4 B, 2015) o
ANASYS FLUENT &_0/#cid = 2 2 A# ant 544 8 #ct8(CFD) »
ANASYS FLUENT #:#8 A0k 1 AF5 5 Bofle * ST #0n3ab g 1L Jp it s & 2
W R A (2 &0, 2004; 5 F R, 2015; 7 EAE, 1999) - iTH ¢ F R
WA RARE 0 AU R PRI A BT ORE MR R R GRERECE M REL
EORBGRE fHEER T R OO LR E HeEE ek 2 LB RS
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(748, 2016; HRiz#, 2022)  g& 7k > % 3075 L 4 2 XM AHLEL T 5 AR M A
T bldegt o § ftfﬁwéﬁé AR 2 BEAEET (3 75, 2018; ¥ 2
B, 2019)% spnzk & 2o F Hnd (2 % =, 2016; WP 2, 2019) > BT 3t
FA F M RE IR TR D VELE ERARPRE S
BARMI ARG D Z R AR B PR B 2 B T
8P| {245 2 FEP X & o
BL R R NS A 2 SRR T 5 AR M AT L 0 Bl D 3 TR

2o R 2 BOEHCRR Y (R 3K, 2018; 4 2 B, 2019)% WARK 4 2 § H
B (2 % 1, 2016; WA Z,2019) 0 BEor it E A4 B HWRE LR
Bt CARER A I VLR M ABRFRKE MR ] Kk T2 43R
KPR BT RE S NBER RE . TFEFD TIPS 5 o B
&% f1*% ANSYSFLUENT o i = =30 534 4 [T % 2 8 a2 b < %

FREEF TR A YA 0.2674g/g 47 924 min > # 4% ANSYSFLUENT 3f
BIERSFFHRE LY OB E RN FTERE R T ERBALS ]
5% B R skwmH I E N 4 £ (CFD) s 2 v 7 1+ (Zhao et al.,
2021) o s * 3B i 4 F(CFD) 5 3¢ 4 FHCA he & R F i
P 2SR FAVAE Y i SRR F MRS v FRRE M
MARCHPERF R 4 > 2 B e F BEURE 2N R TV SRR R 'E 1K (Mirzaie et al.,
2020) A AT D R RFALAF BEY 0 aF Fhf WINE S FE R0
&TﬁﬁpikLﬁ%ﬁ%ﬁ%%mﬁﬂ&W¥%ﬁi?$’%%ﬁﬂ%¥
VOCs k& j£_700 ppm 3§ 4r 2 1000 ppm > % ' R jE_25 /] PR 5 3
JPFE A R 5 BN IRE { 5§ (Mirzaie et al., 2021) o 7+ 3 %-ﬁF'”?i o A A
BB E 4 BRI F Y g g T B Rk B
ﬁjﬁﬁﬁ@ﬁiﬁi‘%iﬁﬁiﬁﬁ’ﬁ Rk PR 0 R
Bl VOCs(Ffik ~ F ~ 7 ¥4 1,24-2 7 A F)2 7 50 82 Ferrifiez B
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FER R HTIOHEHEAL L 2.6 11.8400.8% 0 FHF %A Sy B
WHE e R v m@ﬁﬂﬁﬁi P I FRHF T ARDFEH ST T2 R EEIT
(Teferaetal.,2013) - lloeje & + (2017) #% ) - fEAFFw2 g it 5 Jh7R 2EF
BEFEL BV ApHEL A h > IEIF R LTRGBS
B2 AP FEAFIERPBHLIFER S 3%I 20%-° Cheng ¥ 4 (2017) !
* NOx Bhzfr BE Tt AT hF BERRF BE2F 5
il R AT B @2 FARF BEAY > A% RET 2 F R 7 NOx
%S o Sun FHRSH R 2 3 RR R B RAER Y E R LI
#FREELECOERNO, BT M2 FF > HEE5Hr Ty ¥ SO, %
H,O # NO &R R d s 8425 B & 5(Sun et al., 2019) - R ’F%‘f F] *
ANSYS FLUENT 15.0 #c %8 fic#t 2 9 £ 2 i 2% 5 & F (Rotary
Regenerator-type Catalytic Combustion Reactor, RRCCR) » H ;=5 ¥ ‘= 5 2
CRERERAHFEREORE FREF>CERDR A e FHEARZ T
e it %% > 2 RRCCR ey i R 0 40 { 5 5CR » k3t EAE7 7
& % 4vii % (Sangetal., 2018) °
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F L BRER
CEEA TR
BEfRY P 2 B AT EERRRFE RIS 2D 2R s
PEERPIE o B A1 BN BRSSP R TR T O
RNz E O H TR AR A A ¥V kA IEEE LT
MEFFEFT A MR R e 7 T APE R E K
@ HoBEAcH ANASYS FLUENT 2 = H03] > 1 HCRRE (720 s DR 4 % s ik
IR T S ke S T
BHCER A AT 2 A el 0 AT A B RO TR £ 2 ik 4 5 3D
Bl > T RRCER 2 SV dp B TR S B A Y R

BATE S B0 BB FHREATARR > B AZ 2R A2 0 B oRIpHC
g faE: S ERENTREZ RN FF rEERHY o REIFEE2

Fm g K i T A 7 A 47 - ANASYS FLUENT Ff3 sfir= 425% el
822 2% SIMPLE % 5 % -

AR E LSRR S S R oW 3-1 2 W 320 A ksl
#F 02 ] 3-3 (Hirose et al., 2007) » B % 3] & sisxd 2. S8 g i 7
PHE S rTERSNCTER CFITER - EBRER
Fo R F RGBS S AR S s
u%ﬂ%?%‘{ﬁﬁﬁ”ﬁiﬁ’§%?ﬂ&&%$ﬁ$’}&§@ﬁ%
o de@] 3-4 GSOR R SRS h A 1T R] 0 IRk
FEF 48 % 7R Z(Ncube and Su, 2012) -

”ghii

FoRET RSP
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1. UR BT R 4E1E (248)
2. ZHNTERREE
3. BRZifER

4. Smex B (34)

VOCsEaN

Bl 3-1 & a3 &3 % ik MR i SR (T R R ae A7 4T)

VOCs:g@aa Al

B 3-2 & F AR R SFAIL & AL R R (R KRR AT AT)
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OX|d|zer

Purified Air

Heat
Exchanger

Desorption

Concentrated™ Fan %
VOC Cro e ‘

ts‘

Pre-Filter h Honeycomb

Rotor
‘Ill Process Process
Fan Zone Rotor Drive

Feed Air
Cpo

B 3-3 otk gk s i B4 % R Hirose et al., 2007)

EFFECT OF BED TEMPERATURE

C/Co

1200 1400

1000

800

200 400 600

Time (minutes)

@ 294K W303K A313K X 323K

Bl 3-4 3 (78 B $eR i gt 5Bl (FR % JR:Ncube and Su, 2012)

(- ) FLUENT 4 %
ANSYS FLUENT £ p # B ™ 1} & & * chat ¥ jo 48 4 %

( Computational Fluid Dynamics, CFD) #-#t#c48 » & 31k 3
-3 }@3 BE e

'f\?l% *

Bho s Aot b IR S - o T E iaag s A g
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£30F @ % ov L ¥ F P A ARl ® it B Sk o & g i
B3 i bR ST IR B R ARG TR E S 6 G L
S :

ST B T B R LR R R R R T - A
m%%ﬁiﬂv&ﬁ@%ﬁéﬁﬂﬁﬁ‘ AR (4o = 4R %)~ MHD

]\%3_ ® ~ 4p % 1 (melt/solidation) & #% &t (£ & # & > 2012) »

FLUENT #-% AR et 5 e e £ 4= % » & 5 CFD 3 5 #c#8 > #¢
AT S Qe FRE I DR - PR RILL L A
AP R KRS RILE G R R @ K R e e
WP AL aER P o FLUENT &8 0 S afod v > ¥ TR
Zhg R B R FIE e

1548 1 &
()= 2 E
FLUENT e % & 3 ANSYS # EJZ B (4@ 3-5) (£ ¢ % >
2012) 0 FiSiE Mt AT TS MER kE S B0k 2 4 ARk W
BILE 5 B4 T g
A WA F G AR Y R RT AT A B gt b
Ak~ BEED P o
B. &N — 4piv 4% ACIS~IGES~STL %+ 5 /nd8 4 & 4%
RS TR
C. g gHE M {irpitpd 2& @i vlERAZ
RSP > T pEFERRAGERUVERIRHRE DR -
D. % S ATHITMEEREI S 1 E > B 5 p B3 o Rz ERITE
R K Hh 20 e R o Sl BeiE 2 SR B R o
(2)i8 5 Prs & {5 AL B
B S AERES 2 e 5 € R4l JuacHe > F]A FLUENT 08
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fAE T i RCE R e AR R S AR R R R AL R
FLUENT s AgLe 1)+ T = afl $h 4 2 a2 24
LG % P AE B AT A

2.4 18 Y

IR ERS(RFE TR RFREERAR

(3) 2k on ~ R ingE FiL AT

(4) & #ggr 2t agyn o7 2 AR e o) K H o ke ORI AEIR B
#(LES) -

(5) #Baods i e dEndl s pAREREH - LB - 1UE fFEfo

6) "EBELF R AR LET Fs REEA R LG F
%%ﬁﬁ@vﬁﬁﬂﬁﬁﬁﬁ@b+w G R RS B F
R S R MUY IR R £ B 0 FERI NOL 2 A e d] o

(7) pd % m : VOF #:3](Volume of Fluid) > # * ** & 73 B ~ p o % 5

i#)

mly

I | SRS ¥ 3D

(8) #pHHA © AT iR g L frsH o

(9) A #cApHEA) @ 4o F 2~ CKGF 22 § o€ ¢ Lagrangian #ur 3t B 0 e F A
B P o

(10)ifg im #-3) & 47 o

(11) % 34 4 FHAl A 47

(12) 3 54 RAEE BB 50 e 0 blbeods G 4 > RIZH B P D
I, SUAE S

(13) 4 = ¢2

(14)wk 5 2t o 47 2 FRRI B A 24 e o

3.5 7R A

1?

B U e R 5T G A A 4T o
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(1) 2 EFEEHIE > s b 5 IR FEHIEE -

a1
() 5 BHETAHL -
* X

’ /= X oz
() "R HenYff 0 B TR A SE
- - - ] - C
I ® Ooreorgbon  , -8 @ Gometry 7 . Pak ® 5o .4
1 @ Gmoetry v 3@ nen < o /] 2N hten = AR
il v @ s P =1 Srran Coging
s @ sew /s s B soumon 7 /
6 (&) sohemn P €D e
e

@ \/
Fesks Y o \ P Fiow (FLUENT) [
Toarmme Serotir i \ /
\ /
\.
\\ - o
\\
g2 D tenss v
Rowds

Bl 3-5 FLUENT % & 3 ANSYS = &2 B = i3 (F8 Kk L P
F > 2023 » https://www.cadmen.com/product/13]

(=) SIMPLE ;% i

A3+F %% 2 Fluent frtz 7 82 5 £f2R4 8L 3 frloeand s
:# (Semi-Implicit Method for Pressure-Linked Equations, SIMPLE) » *+ 1972
# Patankar £ Spalding #% ) > ¥ F£f272 ¥ Fﬁé{ﬁ,fﬁ’? @%{‘ﬁiﬁi%év’ﬂﬂtfﬁ_%
o B RPreEiE s CAFREEL B 17 E PldkE jtacs oo

AHFELE AR - BRS BRI E S BREFER
o A dp R A FH - BRE o Ad RS ST - B RS LER
HBEE Ao b R AR > R EEE HRIR A Bz B - B
FreoBRA B Forgtde - mATEE RS S E F wid 0 A2 S A g
AT W RARAR K Rl L E TSRS b SIMPLE 23 4
AR % oT & B 3-6(3F4 & > 2005) -

<
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| % |

B — B EN > AATE TR RN TE
BB AP o A S FEOE

v, 0% (w, v, 0)
R — R4 bR HAME p

> p1=

WRIFE AT LG R A3 st E S EaH
FREFRZ P AEN YA

a,b

P2 RS SR ¥

ajjui; = Z OnpUnp + (p?—l,j - p.::j)Ai,j + b

ap vy = Z GnpVnp + (p;,j—l - P?,;)A;,j + by
13
P =p Lt vt
e S0 2 AR W,V RAEA B EAAR
0" =0 aPly = Ars1yPlsry + Q-1 Pl-1 + Q1 j+1P1j+1 + Q1 j1Pp -1+ by
pf
FER 3SR iR
p'=p-p°

Wiy =ui;+diy(pj-1y —piy)
v =vi;+dipi—1—piy)

lpuvoe
FER 4 RARAT A b et Bt
ary9ry = Ay, ;1 + -1 591 + a1 j419p o1 + a1 j19p 51 + by

lo

L8

=]
R

® 3-6 SIMPLE ;2 i& & iR A2 RI(F 4 k& © &4 2 > 2005)

(2 )sfr f250
A3+ % {1% FLUENT #cie & Joj24p B S-cdt e ik 45 5

SEHT A BRI 5 2 AT T R T TR A 25t R

PRNELE
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BRSNS & RN e
1. # & 2 t=(Darcy law)
ﬁﬁé*@*#&%ﬁwiﬁgwm@,ﬂg;ﬁ?ﬁ,

Pl B BUET|IL N A T T A0k Y TR @ A e

- @)

B4 (Pa)yvii E(m/s) usikR(Pa-s) k 3 %% F(m?)-

2. HpAaf-#rde 5o ¥ 4258 (Navier-Stokes equations )
aaﬁﬂﬁﬁJ%%ﬁﬁiﬁﬁmmﬁé,’%ﬁ~ﬁ;

Qﬁuﬁﬁﬁﬁﬁﬁ‘ﬁﬁﬁﬁ%“‘@4%“‘%ﬁﬁﬁ‘i45

RO oo RRE-ATE RS A2 Y o BRI

B ¥ - BIRR AT R Bl B R R AR E)

DIRE T figen e
£~

3.

- :}‘r “’ %E;\A

FE B> 4250 f5 35> 425 (continuity equation) » & %8
P R AW Sdx,dydzeniic ) E Ao TR - AR

(control volume) » BKx,y,z> w ¢ & (m/s)A 5] 2 Vy, Vy, v, > T Vip

2o e (kg/m®) o F RS PR B R hied e
FRRA NS RET L FRER B PR KA 7% kA7 H
AR PR -

d
D 4 (Do 2y 2) g

at ox ady 0z

(2)

T HARTE B S RME A R 2R A ¢ 5

2ER G FIL AT ESES RN Y TR R I F () I HRR
VI 1 R I Rl i A

d(epp) (gg1 avy ng) _
at TP 6x+6y+az =0

3)
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4.

S.

i Al SR A
I i AR o) S il SRR i
Dv
po,=—Vp+uviv+p (4)

He s pi i a(kg/m3)  t5 FRF(S) o

FRA AT B %0 R A GURL T 7Y
G E I EA A R TR MR R AR PR
AR BB EFI AT 2SR50 o
p Dv

——=—Vp—%v+uV2v+pg (5)

ep Dt

2P opiintinakg/m®) e, i HAE VERER@M/S) o th
PFRF(s) pa /R4 (Pa) uadkh(Pa-s) k 2%%5%(m?) »ga &4
(m/s?) «

T R ERl
AR IV P RE R B B R BT B
Sk e AR T i TR AT K 0 2 R % - 9 5

RSt Mook RS- BEBE2RT M 2 RF=28 5 £
BEAr A A FR o (7)) 5 B 2 E 43 E 2 E(Fourier’s law of heat
conduction) °
(PCplers 2+ pCV-VT+V-q=Q+Qy+Qua  (6)

q = —kepeVT (7)

(PCp)err » R PRIAE 2 FRE2 WH V- b4 e i chy >l HF R F
2/ piin k%R (kg/m®) Cp i it BB F(/(kg - K) TR
B R(K) t5 PR (s) Vi i A (m/s) g5 £ @ &4 4 g R(W/m2)s
Q3 #RW/m®) > Q, 3 B4 #(W/m®) » Qug » AIHALHTHE (W/m?) »
Kepp = %72 @& #ic(W/(m - K)) -
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6.

Kt 4 3 fg st
Yoon-Nelson Model (Yoon and Nelson, 1984)8_j ;£ i * ek g ds
PHEGS AP A R R B g d B R P AR
B btk 3k 2t (Kimand Kang, 2004) » 2§ 33 | 'F*“’ i F %R o Yoon-
Nelson Model 7 B Z_f il i3k » el Mg P> 384 5§84 F 4%

Sfm FRA F R A L E o A F R I DN T A (P

g QAR A

Q: fg‘ ERANES
| U A &
t : FF ¥ (min)

FF A 2 PFR (min)
k@ F fid &4 #ic(1/min)
ci : VOCs itk & (ppmv)
c: VOCs & rx ¥tk ex 5t is 2. 417k B (ppmv)

G A AR R S F A B B d T E e

vz FRER Coo 2FHTRE Q Tod RFRATE S G 2
FREGEAER Za M2 HEAFREAER 2> 27 BFE 25
R 2 TR E Yoo
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Za
(L]q x CT{I x ![f_l j— [}EI x 5‘ * Z_ Zn: x II")f_]] -, []fi_:l x 5‘ * Zn: * IIOf_]] x |: C{FZ:" F-"”':C{:IZH\_:I
S

Fd P SV F A TN Rk RO HTRE W iE
w0 RIL G P F W2 Py -

W=58x2Z xm

W sy gt 41 B E (kg)
Qg : /7 5 4 #8752 (m3/min)
Stk 2 5 ff (m2)
Co:i&ing #8417 5 Ak A (kg/m3)
Ct 45587 34k R (kg/md)
Yo : stk ia BER 5 CO pF2 T it £ (kg solvent/kg solvent
gas)

Z st g R A ()
Z,: stk 2 FE 08F 5 A (m)
Py T RS2 4 % % A (kg/mD)

7. UDF A3 # 3

F_‘~

A

C

UDF % User Definition Function m‘{ﬁ BB LA ,T*
ANASYS FLUENT AZ % & * —‘F'T FRpd Ao r Hs g Ririt g H
T RCIE L 0 (8 -ﬁ? P AERMEN{SE %0 FLUENT 42 5 fe 21
R Gt ot e N R F R C o RN E R T Y o
ARG I S g F A ) @i FLUENT ¢ » & i p (722 =
UDF #2.;% i (7 {58 o bil4r o s 5 5 Sez e s> 258 » ¥ 2 @ % UDF
FIED T % » FLUENT i (7 {2 8 o

(= )Rz
i% 1 ANASYS FLUENT i {7 /x5 4 #’?iﬁ%'&r% 3-7> el 47

35



]

T E AR T G KB

Bk -

109 R & F = = o)

T S RSP R p]

7.7 4 B AR o

&%Fﬁﬁﬁﬁ%’ﬁ%3%@f

‘%:‘)\r'li)i\

v R IEIT

i FEE o WY
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e g | AW ALY
[l-ﬁﬂﬁﬁ-} B/ BEER

h 4
I Gt /R
ey ] —
v
HAE B AL\ B 32 3149 38 LAY
3. ;"%if—( Lﬁ_ﬂ.*ﬁgﬁ_ﬁ. .n\% < E_ﬁ‘%*%
N # 3 g R
3B BRE AT

l

5. &R DH

Bl 3-7 HoiE ki AL B

CHRBRE 2 FEY MRS RRER A T

AFTRE T BERZE - FER I LHT ) I
Boui B2 |BRELFEY MERE O BEFT FRERE DT lic 2"
FER TG M g2 T EPER(B) 3-8) o MMM F F (FEE
CFMo R F RFEFRGE L PRE L F M R 2 SRR
PELPRE L AT A 5 COSMOS XP-336011-W -

I
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VOCT T

B 3-8 JETRE 2 EHF AR A 477 AW

B39 57 ¥k MRS R Ao Lok RO T SRR

EAGEE R E S RS AR R R R UER
70~80°C » 147 F & 300ml/min 2 § F eXH# > P E ¢ IR T RS (] 3-

10) -

B 3-9 w0 i ok

38



Bl 3-10 = ] 5 i ik sk
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