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Abstract Renewable energy has been of interests in the area of modern alternative fuels. Biogas is produced in waste
landfill sites through anaerobic digestion processes, including hydrolysis, acidogenesis, organic acid fermentation
(acetogenesis), and methane fermentation (methanogenesis). High contents of fine dust and moisture limited its
utilization for direct combustion, town gas and vehicle fuel. Thus, this study proposed a new design for a cooling
device using a centrifugal cyclone for simultaneous removal of fine dust and moisture as a pretreatment in the
purification processes. A heat exchanger and an ID fan, which are installed inside and outside of the cyclone, in order
to cool the humid gas below the freezing point and form a foggy mist. Such an atmosphere enhanced to capture fine
dust as recirculating the cold mist flow. The water removal rate was 80.8% at a relative humidity of 95%, and the
particle removal efficiency was 98.3% for 2.5 um. Simultaneous removal efficiency was 70.8% and 99.6% for particle
and moisture respectively.
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Fig. 2. Schematic diagram of experimental set-up
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Table 1. Specification of particle counter
Size Channels 0.3 ~ 10.0um
Flow Rate 1 cfm

Location Lables 0 to 999, appears on printout

Sample Tme 1 second to 24 hours

Table 2. Specification of test filter medium

Unit Filter media
Basic weight g/mz 76
Thickness mm 0.41
Max. pore diameter #m 6
Mean flow pore #m 1.5
Tensile strength kN/m 1.1
Elongation % 1.5
Ignition loss % 6.5

Table 3. Test condition of filter medium

Condition
Testing equipment TSI 3160
& equip (Fractional Efficiency Filter Tester)
BS EN 1822-3
T h
est method (Testing Flat Sheet Filter Media)
Filter size 11.29 cm diameter
Test aerosol NaCl
Flow rate 10 L/min
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Table 4. Filtration efficiency and pressure drop of filter media

Filter media (Thickness : 0.41mm)

e Bt By 0n) T et e T
0.1 99.999989 0.000011 7.943 wEl = j =
0.12 99.999985 0.000015 7931 SR S |
02 99.999981 0.000019 7.909 N = = — =i
=
025 99.999987 0.000013 7.899
03 99.999994 0.000006 7.896 P — £
04 99.999984 0.000016 7.890 - SEEE Ssstis
05 99.999991 0.000009 7873 som === == e s
0.6 99.999973 0.000027 7.881 Size L]
000 - SHEA o3 W77t odE F qla, 2AY 5
sss - Hzahgo] wbAe Wk ohe} W7 A7) SuE =
898 - B 8 o . AR o] of7|ft) £ Aol A A EH-FE FAl
S g g AARAE 2A7N2E 2 AR YANPoRA SR
g 995 - ] < AAsNE dElE A dudk R4S Fo)
£ s ! @ o Fi7ke vlel SR AR B FAAN S
zzz o 10um AEE Fal7] el AolEEY inlet¥ outlet F-i
o o o ex, iigEst AUE fol B FieE
35,0 : : , = 37 Toll TgHE F5719] do) dAsiHEta
o0 e 1 e 2o wel o gk Boly| Wil ¥ Al A
rlovvea (/s U AR ol 83to] A &S MBSt 18
Fig. 3. Collection efficiency across the experimental 19] A8 spo] 22 Yzba|ol A dus L =3
e FEEHE 2T WA O BAS B
3.3 2EHH A o0& A Ao 7|stsith el o]k g P
AN RSl Ba A e aspel 2y O TE S IR GHRAs B EE G
Bo) el v 9 kAS A 874 AstEAe 48 e Fxolth AAE f5lHE 5 2k
TEES~58T), FEE0~38T), Ae@oColshor (T SOTI, EGANE] 7k chillers] Laigh

1 of

rﬁa

40.0C

7]

=
L}% 2= 19‘13% EA]— /\p:]..S’__TJZ_l: 35C 7(31,:_0 %—S—Zx\_i}
PN
T

ol gHE How dHAJTH12]. AAZ Ul

EA Aol At gl el e of

Colv, 1-5%(vv)2] %i—o] el Tk meA

elrlse) wAPH €wE PPN A3kl 34

SAlC A e v‘i‘—@%‘x}ﬁﬂr TEe A v

3 A =7k AT Qo13]. 7189 FRAA 771E

W2t 2k A AEH] $RE AASRE 2

=
4 YA FE A1) S 5

A5 of&3l AAGH= Aol

AR
=)
Aubdo|t}, 2EAR A FRE Qlate] 3] F9

29

718 ARl FoBA 14 BA(T2)S AESela, 1R
Qlstel Aol e o FUM= ERVRAE 30T 4

[

=5 fAEATh AolFEoR A3 Uy 7tk 9
Aol of Ao WEHe uheh sHdEHIA cone -
9% WA 9= A beol o3 AS WA B
th FE W= chilleroll A W2 -10TCe] Y247k
sees AZse] vk uebd F3713e] FEe &
S FHE Aol FE st SR desters
Ztesgo Rty Eed F glvk ol A TA5S

S o



FIAIS71E 8] =g A A9d A, 2018

95+5%, 80+£5%, 60+5%
3to] & 5,6,7°] e
0+5% 4w, frFo] 75

oo, f3dE AAEES
k. ddlEE7t 95+£5%<)

(o]

o
=

t}. 25 L/ming A9
T 62.6%°] A%k,
3] WA A g o 2N
i AAEC] =4 vt Ao R st

e

-
2.
=}

o,
oM.
o
rir
I
I

PN
T

3

A o]
1w

Table 5. Moisture removal efficiency at 95+5% of relative humidity

Relative humidity : 95+5%

Air flow rate RHin RHout AHjy AHou Tl T2 T3 T4 Removal efficiency
(LPM) (%) (%) (kg-HOkg-dry air) (kg-H:Okg-dry air) (©) (©) (© (©) (%)
25 94.7 92.7 0.0849 0.0146 50.7 336 209 12.8 82.7
50 94.9 90.9 0.0827 0.0146 50.1 324 214 134 822
75 93.9 95.2 0.0822 0.0131 502 313 189 12.8 83.9
100 94.4 99.9 0.0843 0.0163 50.6 354 21.6 138 80.5
150 94.4 93.9 0.0567 0.0143 435 315 20.5 12.1 74.6
*RH: relative humidity, AH: absolute humidity
Table 6. Moisture removal efficiency at 80+£5% of relative humidity
Relative humidity : 80+5%
Air flow rate RHjy RHout AHi, AHou T1 T2 T3 T4 Removal efficiency
(LPM) *%) %)  (keHOkgdyan)  (gHOkgdyan  (C) ©  ©  (© %)
25 82.3 82.9 0.0724 0.0133 50.6 324 214 14.3 81.5
50 82.6 92.1 0.0733 0.0148 50.8 32.0 214 133 79.7
75 80.0 96.6 0.0780 0.0135 525 325 19.2 13.1 82.4
100 82.1 933 0.0715 0.0144 50.4 36.5 20.7 12.1 79.8
150 81.5 83.0 0.0483 0.0125 43.5 31.1 20.4 11.7 74.0
Table 7. Moisture removal efficiency at 60+£5% of relative humidity
Relative humidity : 60+5%
Air flow rate RHin RHout AHi, AHou Tl T2 T3 T4 Removal efficiency
(LPM) (%) (%) (kgHOkg-dry air)  (kg-HOkg-dry air) () (©) (©) (©) (%)
25 61.5 48.1 0.0499 0.0097 49.6 26.5 224 13.8 80.5
50 62.0 68.1 0.0545 0.0120 51.0 27.0 23.0 13.6 71.7
75 61.2 63.1 0.0464 0.0119 484 26.3 24.1 13.9 74.1
100 61.4 62.3 0.0485 0.0125 48.0 274 25.1 144 73.2
150 61.0 56.6 0.0298 0.0101 40.4 24.0 232 11.6 65.8

30



PR

oo AR A% TARE 2G9S AAE

Aol w, At H71E 918 A AR A
53 WS B9 SR

95+5%2 ZAsel &

Wako] 75 L/min®g W, AAH o2 AAGLE] =3

& WA ztol7} 27 Y

=9k 50 L/ming A @FxAog "d;‘ég}ﬁ\’iq. o] uf

AAE 7HRA 2 g¥AeE 10 pas YEIT
o] AlFAT A & F %ol 10 m 271 YA
&2 99.71%93L, 2.5 me] ERAJA] tEk 7|
&= ﬂgﬁ AAZEL 99.67%0]0.01, FEA
2 SAHA Fio] B 7k
247101“1 A YA Ee] dEsFse ddol o
g AoF FHEM, o] Qg YA LNt
AV 1=l = A A= L g R atron= G S
F80] 99.784%(10 m)9t 99.785%(2.5 (m)°] %]
Aol Hlste] thgzholA 9 ?MLHE%% 23]
oF7h gk o2 Movﬂv} JA Aol w2 T

B oX O o r1r
L oo H

z 1o to o ¢
o
M
\l
OO
2
o\

G K
)

M 4T oo X
tjo i
W o
o

>
33
2

¥, H1 S
o
rir
ol =
o M
)
o
o
IS
o
T 1:01'
rLI:ko
2
ox
rulo
N =
4
rir
fols
A
N

=2 ¢
r_{

o
Y

il
e
Jl)l'
g

Table 8. Simultaneous removal of moisture and particle
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