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Development of Fog Catcher and Voronoi Filter by using FDM 3D Printing

Sang-Jae Lee’, Min Su Kim', Sung Min Yun', Sung Ho Yun™

* School of Mechanical Engineering, Kumoh National Institute of Technology
* School of Material Science and Engineering, Kumoh National Institute of Technology

Key Words: Voronoi Diagram(E 20| t}o]o]Z13) Generator(A U 2 ©]¥]), Fog Catcher(t7/] X 7)),
Control Volume(Z1 EE E-F), Voronoi Filter(E.Zx-°] ZE), Dew droplet(t7] 4 4), Mixing
Chamber(Z ), Particulate matter(™] Al W #])
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Abstract: Exposure to pollutants such as P.M.(particulate matter) may carry a risk of adverse health effects,
even the World Health Organization (WHO) cares P.M. as Group 1| carcinogenic to humans. And there could
be such a region which has high relative humidity and extreme highs and lows. In this condition, particulate
matter can cause fog which can cause aerosol. This study is considering eliminating the aerosol in the fog
condition by making coagulation. The coagulation can be made by letting the fog goes through the Voronoi
filter which has a porous structure. This is such an efficient method to relieve concentration in a specific
area.
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[1] Schematics of Control Volume Design Control Volume Design For Experiment of ‘Fog Catcher’

Fig. 1 Schematic of Control Volume Fig. 2 Amorphous Filter Concept Design
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Upper CV

('PM Inlet + Fog Inlet)

Mixing Chamber

Honeycomb h

Filter

Lower CV

:JH DAL% 2

Fig. 3 Control Volume 2D CAD Design Fig. 4 Control Volume 3D CAD Design

[2] Filter 3D Print Without Outer Layer
3D @A 2Eo] stl. ydS &Eto]ld ©HAl]l Open source SWSI Slic3r2} Repetier-HostE ©]-83] W&

AFWoR AR TRES Ak

9% AFS QolT WY AFnon AN B TEES It Baste 949 A7t maEe 4
Sol gFSHE BHL Avm gone Be AL meld el Brhssitis BAzt 9o 3D =
WEe] BehE FeFe Ao AME FYOE U9 $IY TUAL ¥ 5 dE FsAol
9ee o & gk

Table 1 Printed without skirt and outer layer and specification of used 3D printer

Printed Without skirt and outer layer
==an Material : PLA Filament
(density : 1.210 ~1.430[¢g/cm®] dia. 1.75[mm])
Nozzle : Diameter 0.5 [mm]
AR 3D ZHE : Gigamakers - Giga Tech spec.
4+ dl¥d FDM 3D Z#H
2] Ale] = 764 x 688 x 770 [mm)]
=3 7F8AFOlZ 1 400 x 400 x 400 [mm]
spec.
70 x 70 x 100 [mm]
Infill : 40 %
Infill type : Honeycomb

Printing Hour : 7 hr.

Table 2 Printed basic conceptual filter design

Basic Conceptual Filter Design




Sliced Section of Structure without outer layer 3D Printed Filter A Detail of Filter

Drawing Voronoi Diagram Structure - Rhino/Grasshopper

Perspective

)
" [ b= J'.Ja

(a) 135 x 135 x 10 [mm] 60 generators

Perspective

(b) 135 x 135 x 5 [mm] 600 generators
Fig. 5 3D printed Voronoi Filter

Fig 6 Rhino Grasshopper - Algorithm Design Script

AE 2 A dAld A A IS 98k (1) Control Volume #12t2} (2) FDM Voronoi Filter A=}

=
S 913+ Concept ¥ A 2

FA AAS Ayspoih. A FPS $I3E Filter A2 o] 2 2]o| =, Control
Volume A7 3t o]&3 & we digh A& 28 #H5 2 dolH F&4A4 % &4 dagict

2 AAE RExo] dY A 1 8RRl ] & wAHA] 2ol nE ALE Ao wEl A
] -g-o] 54 Y 2 Control Volume A&} 347 79+9d ~ 108k o] Wj 2 A &}o] 7h53}th.
Table 3 Making Plan
| A A g 49 | 59 | 62 | 79 | 82 | o9 |
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AA F# A4 (Fog Catcher)

AaA HSs 9% AR vk

19 34 74
(1) Control Volume A=}
(2) FDM Voronoi Filter A2}
HAud A5 2 dely =
- A7 (Fog Catcher)2]
287154 T
HZF oIy &4

W M7 ‘Fog Catchero] AFEEE FEH& 19, 2 399 A Fo2 FAHY FHAM dF2 FA
o< op7lgte gy ol JAES] TESEAS HAA Y

[1] PM. generator + Fog Supply
AR A g m (et ThETlel A B H = PR
Zy7y o]l W& 7-E &3l Mixing Chamber® Fsghr}
[2] Mixing Chamber
Mixing Chambero| A& F|A|HA] &} N E =35,
Shekio A X% Honeycombs Ay FH=Z wpych

[3] Voronoi Filter

: \ FDM 3D=~#E Voronoi Filter® 1AW= &g <t 7}
Fig 7 Fog Catcher 21 Filtere= Wil o]&o] #a|A HArh
ol FAFH = ol&2 U]/‘ﬂ‘ﬂx]g Z3bshAl Hw, A8 A7] o] AF o] FA M

A 2eol 94
"ok w2 AR A7 (1) 2], 3] @AE AA vARAE F2 E A S gl

A
21312 FDM 3D ® Voronoi Filter®] AU 2] E(generator) 7|5~ Wslo] w2 S&F WH3lE
o o Aol ol AshE TR,

Table 4 3D Printer specifications and Controlled Factors

.

4

>

Nozzle Diameter Filament Diameter Filament density .
] Used 3D Printer
[mm] [mm] Lg/cm’]
Dimension SST 1200es
254 x 254 x 305 [mm]
0.5 PLA / 1.75 1.210 ~ 1.430 GigaMakers - GigaTech
9] 764 x 688 x 770 [mm]
=2 718 400 x 400 x 400 [mm]
Generator Counts (71) Relative humidity [%] Velocity of fan [m/s]
Controlled factors 60 600 99 15
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Table 5 Voronoi Filter gram per layer
Generator Counts 600 Generator Counts 60
5 mm [Layer] [g] 10 mm [Layer] [g]
1 7.32 1 14.74
2 8.22 2 14.28
3 8.19 3 14.32
4 7.75 4 14.26
5 7.99 5 14.31
6 8.09 6 13.83
7 8.26 7 13.9
8 8.15 8 13.67
9 8.07 9 13.8
10 8.12 Average 14.123
11 8.14 Generator 715 60071 ZE = FA47}
12 7.87 smmQl 187]9] Fo2 FAE o] gt
13 8.3 Generator 71+ 6071 HE = T4 7}
= S 10mmel 97l Zow LA 9]
16 7.32
17 8.28 ¥ 2% 45 Inletd} 717FE A4
18 8.23 (1 layer = inlet)o]™
Average 8.04 747be] ©e % 9em FA WL

[1] 5A3F St FhEiE 99%S1 dejelA Ay elolEl 7Ha 6007H] H =m0 HE o] F-7 W3} F=0]

Total dew droplets = 13.543 [g]

Gain percentage [%/layer]

5 1a 15 20

N :
Fig 8 Voronoi Filter (2 stages)

—e—Gain percentage

Fig 9 Dew droplet gain percentage per layer
[2] 3A1ZE, 6A1%E, 8AIRE A AHlss = 99%<%1 AH A ®A dAEd oy Al 60718 BEo] I
Hel 7 Wstel T oaA g dolE A 00l)e] wEiwo] E A Wl Fol

(*gain percentaget™ Weight 4] 4] F71&)

Table 6 1% Stage filter weight gain percentage per layer

1** Stage Weight [g] 3hr Weight | 3hr Weight | 6hr Weight | 6hr Weight | 8hr Weight | 8hr Weight
[Layer] increase [g] | increase [%] | increase [g] | increase [%] | increase [g] | increase [%]
1 13.8 17.78 28.84 19.71 42.83 22911 66.02
2 13.67 17.62 28.90 19.37 41.70 21.935 60.46
3 13.9 16.45 18.35 17.44 2547 18.784 35.14




D ZUY Y TERES FEE MNWATY olquA 217 2 AeAL
4 13.83 15.57 12.58 16.07 16.20 16.57 19.81
5 1431 15.28 6.78 15.76 10.13 16.332 14.13
6 14.26 14.83 4.00 15.19 6.52 15.544 9.00
7 14.32 14.6 1.96 14.78 3.21 14.844 3.66
8 14.28 14.28 0.00 1431 0.21 14.32 0.28
9 14.74 14.74 0.00 14.74 0.00 14.8 041
1* Stage total dew drops = 14.04 [g], 20.26[g], 28.93[¢g]
Table 7 2" Stage filter weight gain percentage per layer
ond Stage Weight [g] 3hr Weight 3hr Weight 6hr Weight 6hr Weight 8hr Weight 8hr Weight
[Layer] increase [g] | increase [%] | increase [g] | increase [%] | increase [g] | increase [%]
1 7.32 8.51 13.98 9.64 24.07 10.92 32.97
2 8.22 9.65 14.82 10.01 17.88 10.68 23.03
3 8.19 8.95 8.49 9.79 16.34 11.01 25.61
4 7.75 8.11 4.44 7.99 3.00 7.97 276
5 7.99 8.76 8.79 8.67 7.84 9.13 12.49
6 8.09 8.51 4.94 8.68 6.80 8.77 7.75
7 8.26 8.04 0.00 8.26 0.00 8.39 1.55
8 8.15 8.3 1.81 8.26 1.33 8.36 251
9 8.07 8.24 2.06 8.2 1.59 8.51 517
10 8.12 8.16 0.49 8.18 0.73 8.18 0.73
11 8.14 8.23 1.09 8.19 0.61 8.29 1.81
12 7.87 8.32 541 8.36 5.86 9.19 14.36
13 8.3 8.31 0.12 8.5 0.00 8.3 0.00
14 8.15 8.16 0.12 8.15 0.00 8.28 157
15 8.27 8.27 0.00 8.27 0.00 8.77 5.70
16 7.32 8.3 11.81 8.34 12.23 8.3 11.81
17 8.28 8.3 0.24 8.29 0.12 83 0.24
18 8.23 8.23 0.00 8.23 0.00 8.23 0.00

2" Stage total dew drops = 6.85 [g], 9.29[g], 14.86[g]

Total dew drops = 20.89 [g/3hr], 29.55 [g/6hr], 43.79 [g/8hr]

1st stage weight gain [%/layer]

5

—g— 15t FApEWEichigain_1—a

1st gazeweichtgan 3

1st Fapeweisht gain_2

Fig 10 1st Stage Dew droplets weight

2nd satge weight gain [%/layer]

veightganelr  —e— 2nd stageweight gan hr

Fig 11 2nd Stage Dew droplets weight

9
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Integrated water gain per hour [g/hr]

50
45

3hr [2] &hr [g] 8hr [g]

o R T
T T o

Tk 20.89 2855 4378

Fig 13 Total Integrated Dew droplets weight
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