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Development of Suction Air Improvement Technology Using Atomization of UFB Water

Tkumi SHIGEMATSU*!, Atsuyoshi TAKAYAMA*, Satoru TATEMICHI*
and Kaito SASAYAMA ™!

Abstract

The exhaust gas from diesel engines contains numerous pollutants (NOx, SOx, COx and PM) that cause
environmental damage, prompting the need for after treatment technologies. For example, the Selective Catalytic
Reduction method (SCR) is used to reduce NOx emissions, the Exhaust Gas Recirculation (EGR) is used to reduce NOx
and PM emissions, and the Diesel Particulate Filter (DPF) and scrubber are used to reduce PM emissions. However, it is
possible to reduce the oxygen concentration of the suction air using a membrane process and EGR, which can
subsequently reduce NOx and PM emissions. The objectives of this study are to reduce the pollutants in diesel exhaust
gas, and improve fuel consumption by mixing the OH radical into the suction air. The OH radical can aid in combustion
improvement, and also lower the combustion temperature, which reduces the NOx and PM concentrations. Here a
device that extracts radicals from ultrafine bubble (UFB) water and mixes the extracted OH radicals into the suction air
is developed and tested. The experimental results indicate that mixing the OH radical into the suction air reduces the

NOx and PM concentrations, while also improving fuel consumption.
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Fig.3 Atomization Device

Table 1 Engine Spec
Name RF-CDT Max Power 63.2kw/3500rpm
. Direct-injection
Engine System Max Torque 178N * m/2000rpm
g Y Four-stroke 4 P
Cylinder Number 4 Displacement 1998cc
Bore X Stroke 86mmx86mm | Injector System Common Rail
Compression Ratio 16.7
Table 2 ECS Spec
Name Engine Control System After Injection MI~40°
Pilot Injection 40°~MI Rail Pressure 30MPa~160MPa
Main Injection ATDC-40° ~40° Pilot Injection Time 200pus~600us

Pilot Injection

40°~MI

"

) «—— Fine Bubble ———



— 4 — UFB KBS 2 F 7o S EE Bt o B 58

AWFFE T L7z UFB AKORERITEE, MEE BRI 4 2 HWIEHRR 1057, 225020, 1L/min THES L,
#K 1L CTHEEZEIT>72. 512 UFB BLh o F VKR EORHRNEEZ /R Y. =717 Vi 4id, 27.3L/
min DA ARG E %Y, BRI TREOZLRPRASIN E PO MHEEL I LERZITo 72, ARBERY, %
LREOWSIHIE~ A 707 105 (0.01gm) ZH720 FHIGMHE, SRR, 10s, 10MIOFIETSH 5.

3. FEREER

3 - 1 UFBKOMHERS

6 12 N— BT M-20 NANO Sight T UFB KIZE F 1A SJBOR T 5% 5HI L 724 £ % 7R3, #9100nm £t
WCE—=27 % Fb, S A ADNT D&% I —(b SN728106E8 8,/ ml @ UFB KOABIZEI L7z, 2hvz b
BEEIIRA SEEREZ T 72, BILIZB W TIH0. 1~0. 5um DI TH /R T DA REM I EL<TE Y, UFB
KOEGREIZH LIZEF R 5.

32 FTHIOEHE

M7IZESR TV HNVOEMEZFHIL 72 E %2R, KEKBLOPUFBAKIZL : 1OEETIRTy 7 HDOAY
Y FF v 7K (DMPO) ERA& L. KEKEAE Y NIy THTRBERICKELZELIZR SRS, UFBAE 2
Y hgy ZHRITIRPRMATICRE 2N, 1 :3 3 1O0H I VA NVEEORE2MHATE, OHSVh
W SN T WS,

Exhaust Gas Out Water
1 = =:=rmemee Suction Air
1 ===+ Elector
Exhaust Gas Out N
— 325 AI r
—— Fuel

Flow control
CQM-P

o o , —~ Atomization
- equipment
RF-CDT MAZDA Atomization equipment Particle counter
Fig.4 Experiment device Fig.5 Measurement of UFB into atomization gas

g
b
1

67

Concentration (particles / ml)
S S S
'

o
=
1

4 2
[N
1

e

377
T T | | 1 | | 1 I |
400 500 600 700 800 900 1000

Size (nm)

g
g
g

Fig.6 UFB concentration



UFB KBS % FV 72 S dcs Bl o B 58 —5—

H20-DMPO
120000
100000 | 120000
80000 | 100000
£0000 $0000
60000
40000
40000
= 20000 _
® T 20000
] 0 ]
@ 0
20000 20000
40000 | -40000
60000 | -60000
-£0000 -80000
-100000 100000 —
Magnetic Field Magnetic Field
(a) Tap water (b) UFB water
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Fig.9 Results of combustion experiment



KRS X B COUFB KD F 7 85 o 52 — 7 —

B R FIZ K % COUFB KD F / lERIE DO E

37 A S UV ¢ SR

Effect of Nano Number Concentration of the CO, UFB Water by
Each Temperature Condition

Kyohei FUJISE*!, Atsuyoshi TAKAYAMA **

Abstract

Ultrafine bubble (UFB) water exhibits various effects that are dependent on the gas and mixing size, such that its
development is now employed in various fields. However, while numerous studies have utilized UFB water, its
properties are still unknown. It is important to technique to make and control high-concentration UFB water. The effect
of the gas depends on the nanobubble concentration of the liquid UFB water. High nanobubble concentrations must
overcome the temperature influence since the solubility varies based on the gas type and temperature Here.CO, UFB
water is analyzed to investigate the temperature effect on the nanobubble concentration. A decrease in temperature
from 40C to 30T yields increases in both the nanobubble concentration of CO, UFB water and total dissolved solids
(TDS) concentration. Furthermore, TDS concentration is increased by Nano number concentration, at the same time
decrease of pH.

Key Words : UFB Water, Temperature, Nanobubble Concentration, pH, TDS, CO.
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WEPREIVWEEZONLO, RESELEE, WEEELHO T TH/MERER ERT2EMICHE L
f)‘bf]‘ot.

3:2 UFBXKIZDWT
K6, K724 EERTo COUFBKM30CH £40CH TDF /4 ML AR EGMOKREZ R, 40CHT
DPWFALEERIFEE 2B D 5 THEEO W/ MHER S, &M EIE10min, 20min & 1290nm it & %2 > Twab. 30CH

100 -
90 - e Coolingless result
80 -
70 - = The surface of the
60 - pumpl
50 - === Temperature using
40 - the coolant
30 -~ " The surface of the
20 - pump?2
10 -

0 T T T T T 1
0 100 200 300 400 500 600

Time (s)

Temperature (C)

Fig.4 Effect of cooling water against tank side and pump side
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Fig.5 Cooling less result
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Fig. 6 Particulate Size 10 min
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Fig. 7 Particulate Size 20 min

Table 1 Water quality analysis result

pH T TDS (g/ml) Nano Number concentration
Purified water 6.92 18 0 1.9x10°
CO, UFB water 4.34 45 12 4.5%x10
CO, UFB water by cooling system 4.19 31 15 3.6x10°
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