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Abstract

The Integrated gasification combined-cycle system for power
generation and the advanced coal-fired power plants have been
developed in United States, Europe and Japan in recent years. High
temperature gases are generated during the gasification of the biomass
or the coal. The high temperature syngases contain many dust
particulates and fly ashes which should be filtrated before entering gas
turbine.

This project extended results of previous year with the
development of a two-stage filtration system. The flow patterns and
velocity profiles of filter granular can be obtained from quasi-2D
experiments in different mass flow rate of two-stage filter media. In
order to analyze the filtration efficiency of the two-stage filter system,
this study measured the profile of inlet air velocity and the pressure
drops of the entire system. These results will help to understand the flow
behavior of two filter media in filter vessel. Also, we have successfully
developed a 3D two-stage filtration system. Results of the velocity
distribution of inlet gas and the behavior of pressure drop measurements
are included. The filtration efficiency of this cold model can achieve

94.75% and the optimal parameters between mass flow rate, inlet gas



velocity still need deeply study.

With the result of the project, we can design the 3-D two stage
moving granular bed for the cold test. The final goal of the project is to
establish the design rules for the commercialized two-stage moving
granular bed filter
Key words : two-stage granular bed filter, pressure drop, flow pattern,

filtration efficiency
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%I ALY IS BFACRT LTINS AT

! 1
b :pl+§pV12 :p2+§pV22 =Py (6)
% 2
o Cp,fﬁmgn;m =1- ( 7? j o

PRE o AT - HEFHNEQFT A7

Q:V1A1 :VzAz (8)

it

é‘, Pr?};\:-;?,l‘l '7‘(55;—- Z}gﬁ;\iy’%bb AR(Area
ratio)=A,/A; > K 1F 5 K I FFFE iy 3500

=1-(4R)” 9)

P, frictionless
WAcE R 2 AR v F 5 5110 bR B C g
0.96 HR 4 w4 i 100% e d S h* + £l C, b3+

71086 BRI F 4 0.24
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boundary A=

layers = =

e — E——

- -

— — _ —
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- -1 _ N velocity,
high
) pressure
— t__h
(a)
. B'lckﬂow -
Thick —
boundary o
layers e & (
— o High
. _ - velocity.
— low
— R -~ = —— pressure
e G —“Stalled”
i a flow

Separation —
point

(b)
B 11 (a) 247 F 2 R FHIcE (b)res M —B R K A 4z 7 %%

2B 17]
1962 # Fox[19]% & % 4 4 M **F¥chin e A% 8 o

T8 > 4c @ 12 #ror o
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100
L

W,

28, degrees

10
7
4
5

B 12 T 4 Fpich i 3% LRI[19]
MEaa 2 T L EE TR R AR S 0 T
T AR P B Rr BRI fARL L4
B20 %0 10°FF > meaifichis A4 5 A 8E FT LR
o ME aa HARE Db 2 F e ® B iR € F 2wy iR
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e
W
=1
A
=
=

{ﬂ
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BT A B AR E A AR R > B 2L E R
1 C, 7 Bt T 5| Mo Sl
1.7 5 ixa 38 e e S

()& ## »* AR=4,/4, & £(D,/D)’

QAT A ke & 20

(3)i& FlZ £ B L/W, & £_L/D
2.~ v 7 % #(Reynolds number)Re=V;W,/v & &_Re=V,D/v

3.~ v B ##i(Mach number)Ma=V,/a; > a; % BEA B P

(=i

N

4.~ v BT K iﬁ% %]+ (Blockage factor)B=Ap,/A; » Ap; & * T
B G ff FIEF LB R KR sk o B F 427 0.03
x 0.12-

5. B+ AS(Aspect ratio)=b/W,
@ ek 1 [17)8 3 L 3 3 & LA R 0 e E

FA KA o T BFRR KRR LM G 4T £ A

)

TG O o Bk F AR R L £ R ho ik

TR AR R B AR £ 10% 80%7 ¥ 0 kA

%

R UPE TR R AR SR A § o B R Sk
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3.2 Z A PPEER B K 2 #c[23]

Inlet blockage Flat-walled Conical

B Cp,max L/W, Cp max L/d
0.02 0.86 18 0.83 20
0.04 0.80 18 0.78 22
0.06 0.75 19 0.74 24
0.08 0.70 20 0.71 26
0.10 0.66 18 0.68 28
0.12 0.63 16 0.65 30

(=) &k v srEEE

Fes B I BR E e 304 0 B R eT S HE AR N

Famea g B Bdling TR G FHaES T > F i ¥
Tesghinde pb o ihig § A DR e LB L F oG A4 4
o TR AT FAA G R H v s RS

B2 b i ipr S anpl ey &

94

boenfles o AR B iR S
AR LI A B FE - AU (CR) = 5 il d A o BT
rasd ALkt o B. Lindgren[20]% 4 3% J1brig £ TR AT A
A BIRG L R - O L BERR W RS 0 2T AR MR
PR AR A F R ER AR A 5 IR

SRE RS hASTRR o R D YD e R 4R R 2 B TR i
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Wb Slde iRz MMM g > AT Y R E - LB S
KB AV Apmbe e i R 0 Bl o ¥R R ehibrig o
R7AFIRATR-FI XIS MRS58 Afr s a3 A
WA FE21]F Adpdy o MR AT MHE LT TR
il ~ v MRTF RRIbEEE R 0 B v ERRISS iR
g e B T brigE R S g NP RO RER Y
A3 G ERE S W MR T RITF AR PRT
FoFEENCTERD G O F3 A RMARE N S AR
¥ 3 H([22]01 Fluent § ¥ ikt i 3 2724 82 §  Fang.[23]
A S EE 3 = L 1Flvb RESA] 0 73 ‘1154‘}@%{%"@' AR

(2314085 01 5 it

y(or z) = (h, h){ j}+h ,X<X,, (10)

.
or:é%i£§{k—§j+hpx>xw (11)
A~ (AD)rwi 7% - 2 5 - RETE 3 X34 AR Ry
AT OMEEE T B R RIS SRR N T B R 0 Xn s ¥ - BE
CMEREEZER L R RE S TH 13 (b)2 b

FHE3IX A RTFAE 2 SRAT B
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Matched Point

412

(b)

B 13 (a)brsge 3 =3 0 & 2L T 5 7 LR O~ 5 R4

|

T X Bl
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AR BRET %
ARG AP ETFE RNz AR EREL B e

FABRE ¢ T FRHMERASG BT L~ BRCFE

(
*v

FIRMHPEER»FDFET-F 40 RGP FRFF
HEOTR KA E BT
(- )ERBHIH 1
BAER A ERY AR ER GBS REL 0 L TR
FHTEZ R G S EFTE TN SRS T A D HRELE
ARABMARBFT Y 05 o ApMAT Y g R R WIE A
850°C ~ /&4 5 1000 Kpa shif 2 » 2 & ¥ 23+ 41 &% 8 20C
AR THRTAIER A R EY AR ERAE T 28T 0 FE
EFEpT R D R T ERCFARE 9908 MR 2 S
Fod METHETATA S RIZ 2T AT ETRESEZ B
BT 2 iERT A o
Zevenhoven et al.[24]7 & 3|~ 3 mis 4> o £ 5 120
# (Inertial Impaction) ~ & # /"% ( Gravitational Settling ) ~ # 4%
( Diffusion ) ~ #F # (Interception ) ¥ # 7 & B- ( Electrostatic
Attraction) £33 P > * & 3 o ks Aok <3 05 gm
et d] 0 L& R S dFrE £ 4 riE[25]5 A j*Jfﬂ

B e it 22 0.1 um P54 B BRI 4] 5 FHEC[26] - A &
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TR~ R IR L B RS MR
W R R R o
1.ff 42 &% (Inertial impaction)

Yo B 4 AT R RS T
HIpR D RN v AT A 2 ERIBH T 5 00 e ok
€ FIF T e L e iR d S e o Fl@ b g H(Filter
material )3 m B HF ET ko - BFHEI L FRF HELA
SRR RO BRI Y 0 ot - A G R 12 & (Inertial
impaction)> @ 2 3= 5 #c(Stokes Number, St) 7 3% 8 418 g 7 5

T & 4 [26):

p.d’,UC.
StngT (12)

He o p, 8 d, 2w 5k EBAESREERE U S
o # R C 5 BE®FFHB L % B (Cunningham slip
correction factor) ; (¢ & f TALE S dy & aHFIT > - A S
B B R AT * 3T 90%pF H St B < 3t 0.01 o
2.3F # (Interception)

WEWFIF A LG F 5 oA Ko ok § ok A
Bk ? S Rt Wi tt & o BEHLE- ] AT B ok T P AL

SUAH PR EAH T ko 2 B HIE R o R
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WAL 5 131000 & L} [27]8 > 328417 11k &

W20 @ 24 R ¥ 2 2 4 Bic(Interception Number, R) % 4 71

R=— (13)

3. # t*% (Gravitational)

AR E A RILT R R A M A ol B T
%ﬁﬁpﬂm%&%ﬂ;m%#rﬁ2$4%ﬁﬁ$m@w@@%mw@
Tats I X ok MF 2 Bk %6 ERERETE

2L AP D HTF AR S Bl ] 27 100 pm

[27]> ke BeeF 2 F A X €4 8% @' > - B 3 WA
Wk Rk BB A T ER LG e G ET

Grashof number & F]=t %8 &k 4 7+
Q_%wﬁc (14)

18 uU

4. #%47(Diffusion)
B0 R Bk 0.1 um P H ok 2 § R A 3 R ang de
¢ Flaife m FR 7 LR ( Random)infs & > P Agi8E R L #

% %18 # ( Brownian motion )3 % » @ fok S+ FIFACIT @ K

B oSS P RN iERIR T o @ Z I H1F * Peclet

number & F]=kt fEck A2 HiGFpeF o HEA TN
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3mud Ud

CTCAT (1)

He >k L3 E ¥ #i(Boltzman constant)®? T % 3 %H§
Beodd r fhtBRiptEs BEFEFLE 2% S il
fﬁ’; ilja*j'mﬁ%fhhﬁﬁ ,{3_14\:”12‘.{1#‘311’ o \i‘l ’ ?g‘ P23 %

RIFEd A LERE L /LD HipHi i dy v bl

D
L=—
i (16)
ARl E 4 2§ Rk 3k R MRS & 98 @ ak(Reynolds

Number, Re) & F|=x %8k §7 it
prdg
u
HY > pp s FH2Z 3R o ¥t 3P RS ¢ PR

Re =

(17)

#*  Stokes Number ()I‘ Pt B 541 m =) ~ Peclet number (,T%:V%
x4 m = ) Grashof number (;T% STVE B ko)
Interception Number % 5 it o @ 32— |f 1 0F % R F Hilf g 7%
FoRT &L T GA N
n=f(St,Re,R) (18)
FOAORRAEREY TEL Y 5 BT AV (Ratio
of gas and fluid densities, P)¥ 45 4# #ic(Froude number, Fr) » &

WHBE R Ty E 4 FE 0 A EF S LR T N AT
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P="% 19
5, (19)
UZ

Fr=——
) (20)

FI o de— B S MR 1B B DR REE R RS 0 BT
Zo 7 AT - B Tr 3V [24]:
n=f(St,Re,R, P, Fr) 21)
EH7 BRI o o ATy Y MR RPM &
WA ERAE T S P B E TS fleanE AT FL A
FRERTE B ¢ SR PR ehikdp o
S Ak B R RS T
- AE R TR T R EVF 8 Sptidl 2k & 5000~10000
ppmw 2. &> & F % ¢ b Ak R £04] & 7500 ppmw > @ fpt ok
BN Fh @i AP ek RAER B gAocg 484 v iv
FERBAERES M ¢ REh F5.7 § B AMRHIR§ 5

DB BEATARGHE T ST d SRR EAY B

3%

LI QRIAY L. «"455/1%&/}3 Mf P F R € E Ak u%lz;?s;a ¥R
EETHEF r A R EFIEBRBE TS BE Fat B
SRR A g I ETPERLF DT 2 E 60 50 R
Wt — SR ROk Bk B BRI A G T AR B

2P AR D PR A E R FIH R HN R
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]S kG R o RAREUE ELH T AR R BIAR TR B Lo
Dk R R AR 5 R A g AR L B 4 fﬁ%ﬁ‘&’? WK PR AR < o
HR AL RF Y LR AR HE TR ST R
Bh B RO B R [ Y 10 umo B ¥ 90%F ]

SumE R €S e kR DR 100 ppmw o @ & 3T E

FIb e AR L ¢ R R W g 10 e e A T
PEREFAIT O BT REBEX{ARE 10 gm 2 kR 100
ppmw i — A RAFIE (T A 4T 0 T R ARREAR S e BB fS )
v B AR RR B EIRRB R
(= )i F &K A

1.9 %Pl ES

‘,:

A2 T ez A iR PR AR k2 B iE.
SRR E 2 2 MEAIf R ko Ao 14 97T o

Sk Ak 1570 mm 0 A F 380 mm v & iF 500 mm ) 0 p
E-o2 B REE A(ZEREY % E 2000 £ 169
mm> - EFEY ki 15 K 176 mm) 0 5% mit b &2
#,(Hopper)® » »d F A7 &3 jid » I 5d ﬁ%—‘i%’%'é * iF
gD SRR E L F OB R FERF o

Bk 3 5 - #h5E B (Diffuser) 7 " MR F B F i iR
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HEad R > P53 2472 pd P pide 278k + B

’

= F RE B F 1S ﬁiﬁf%ﬁﬁﬁ;(Conttaction) MF v gd g
BRI EEREFE LR HE > T AR R BRI o

Coarse filter  Fine filter

medinm medium
Hopper
Dust feeder
.-‘*—'—‘—‘—--
Confraction
Diffuser E
L
A |
Two-stage
[ filter vessel

\

5 [

Mass flow rate
CONVEYEr

/ (®)|(®)]

Adr compressor

==

—

(9] [§]
B 14 = a3 fralp s

AECRE L F SRR B AR B R

B A UP 4o T

(HF WMEREE

T Rit @

ho@) 15 457 0 & 5

4

3
AZREZ 3RS TR 2RI Z R E TA-120

/ISHP ¥ £ % 4 AR 7 B > @&+ R4 43 0~7
kg/em®G > /£ & % =8 2171 L/min » % %% - ¢ 550 mm
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x1604 mmz % BF ¥ 2 E 5 3602 o
Bicid B ® A8 5 TISP > & * &4 % 10 kg/em’G 1
TEJER £ 1.7 m/min > B LR G T O 2
ERF R MEFREEN F RSP o
COtBirdlskR - P 4lin g » » Fpender -
DERADE/ A TEREHTE BRI AEFHER-

Tﬂ’t&‘}‘m;‘& °

Pressure
Regulator
; ff;eﬁ G Qil filter H 05 ko2 G
. @ O H N
Ball
Valve
15 HP
Compressor
with tank

Q) B Ak AR

SRR AR S R A okenie R R R
R

4§ i E R

7}1@3@7}-’-1&’ ‘—"@ 16 - ;H:B"T"’:fj:?f——c—\? J—

E'l" ;}5“]’77 ﬂ""‘?;‘ “E\‘@/}%&Bg P\ o v
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_%ﬁ ’ Ff{ﬁ_ﬁ EF“?F’&F\ g|13§%§m% , ",gﬂ/mxg,ﬁ,&f }EJ =

W ARG T R B0 1L B B Aol B
BHS RO AR S 0 R R R 1

EE S SIS S50 RN SN R

#]
o
®

SRR TEFHE

1L

clean gas gasHly ash

WEARE g TR

(a) (b)
B 16 s B - Jk & (a) ™ 4R R (b) Rl 4R )
Q)iatt iz X3
Yo 17 477 0 KRR SR FURM T RS o JEd A

-

W B S i IR R RN TR -

AL

e RTE TS FNEIP ST P T D R S U R
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FRGSF 2P Floipt Bt 4 i plgy 24
C RSB D R M I HES § R PERE DGR
WL R FRIMF AR BRRRHME LS BT R
CRERHARETE LA E RIpHIE LD A

oo @ @R S o

i

ity oy 1

B 17 b

BRI BLIRIRE A
(DT B

i AR R OERITFRIE R 01 g0 B
% s # 30kg °
(2)# > B2 5B~ & si(Digital Image Processing System)

¢ 3 B A ¢ B #E P (SONY DCR-TRVI00
NTSC) ~ # i+ P& 4p #% (NIKON COOLPIX 5700) ~ #ic = 8% 538
B~+ (UPMOST UPG 502A)% i# A & "%(Pentium IT 1800
MHz) -

G)L#§ 2 RS RS

40



@ Rl 5 F
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EEP A5 NG4)2 A

R4 (R ARNGS) o -
DA ERIERBLRE > V- S N ERN T HSRE -
'&L"@ 18 ’:'Li—ﬁ- ’ IJ:L —\fi{ )J—hl-rq"’77j\rg p"—: }\,}E \iﬁ?ﬁ%

WiE s - 2B AZHE 100 B o
B = j
\ I
Pitot tube

i

Pressur;gauge
B I8 Ad4c B R4 255 F
Dk HFE LR
S AL TS TIER T S AR A LIS £
o BEV £
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£

FURRE RS R A R bR R B
AN Ak At B 30E

47T

5]/;1 B /PJ L\:K ’ FE?E” Fl?
A A B 30

AR P AT BN e T Ll R (KRG 460
8§~10mm )~ g\~ NFHTF(P *&"") g g
B o ARk 23K 5 8mm 2 4 S > ¥
kil R N SR F PR RA A Y &

B
41



(A EFLSF it g A2 gl a5z p g
X3 4mm F oo

(B)s g w2 mizd > Jfde 1l = 30710 2 ik A T2
Log e o

(OEF T THT Y- £33

(D) § W 2 Aesfe o it B 302 5465 > P o 3T o0 2 B
BT AR A o

E)f L HEF Y A TR~ T I 7 G o
LR F B

&gm\faﬁ”ﬁ*’%ﬂdéwiﬁyvﬂiﬁ"ﬁ S

%
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N
Se
P

R U A R s T N A ) R
AR FiRA Z3 BAGKER* 3 Fayjp A F
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3
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(8)54% fi
A1%5.5 RHD 902 4 — PID #5341 % » # ¥4 p RE R 2

=2 ~ T 2. 22 > 2 .2 N — 2V s
KTR R > ZRE D —%i—‘j’ﬁ — - A2 F 3 iT 5 A

ZAZT o RMT R gt 2 o Bt Ao R
B % 600 °C -

()il rxd 7 & 3
THlat R F
BRI HE LD RN }ezinﬁi%lz KR ARRpHIERY

— PP BFRRERN gt E TR (S BB R

%%&ﬁvwﬁ
i Hl T Rk B e T R R
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ERERABIFLEZ 1% 472 g 2 T8k ARt ais
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24 wmpjit B ERZ B E DL 0 ML FIRSE P Vgt B

MR A DA g - - Ma 253 % o 5= Hh 3

Bhod 22MAE LI fop) o L3 BEERERE EHFL
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B oodrB 20 1 0 AR BRR T FREHTE S 5 330 g/min o
TR L wp) FE S 5 200 g/min 0 FHRB LS 0 4 & A

B ERIRFIRFHOFRT o R IS AT ERRS L%

=i

fepyndirE RS E R R EiEY 60 443 % 120 4 & > 2
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g/min mHFHRLEEd EREPEAFET UFR HER
wE A TARF P R A I BT EERRE B A E A
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1\1.

WA A R LB WL F e g P F
i R R e R AR A B o FRt € A A IR Y ) RERE
BBt B EErERT - RO % - ¥d BY oy @
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ol T ERE B BRERCL R R ROl 2K
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zone) e ¥ MAAR B 455 o AR T BE 0 o G fFE SR S ]
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Woginde KID G L oo

T2 A [ Bl B
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W2 EFT S5 rF2 it Slefed » B2 - @+
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VU Rk B MR D > R EBIRART A §; o 2RI

B EEHFE S - B AP RM R F M BERIEE > T

N

SREFEIE DS R A = RS R
fhos 3T R R BRI PFD e @iRoR s 3 e RIS
CHESPZEY RS- B WA s - Ry

GFHEEINF A 450 g/min > @ = A FEES Mt gk ST

AWHRERRE DT F MR R(p Y G2 R)EIRMTERSF D

"N

Boho RV MG A E TR G BRRS  ABRRE F R

AAHEFE* - LRFw /}J K/\I:.“i%‘mﬁ’»li?ﬁl pIREEE Rt 2}2@( I =q

EIMAPIP R RIS F 18700 L/min (p d & ki 17.2
cm/s)Z B W AEF| B E o APMAAT RINT - B E Y K

Li&-Heapd o

66



# 3 iU % #8700 L/min /ix & T 4 Ha Eipre (R ~ R B F

330 g/min)
Free surface velocity of air Filtration efficiency
(cm/s) (%)
17.2 94.75

Fo4 ZREF-IES AART 2 BRF e TR F 450 g/min)

Free surface velocity of air Filtration efficiency
(cmm/s) (%)
20 98.89
25 99.17
30 98.32
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