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May the Chemically reacting flow be with you



| IBS @Rk Meaning of our logo
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Reactive transport
phenomena

BRITIKDETHAMKEZEL, HRFENANODFEZAH-FEEBLI=, T
21, FAT=BDE ALGHET— ThSHViscous fingeringZBEL .. FRIZITE
EMEEDEEXFENE, ZD T (ZReactive transport phenomenaZ iz TLV5, =
niE. RIGEHFSBHRREVSBEINSMEOMBAL/HREN~DEMRE
HFITHILERLTILS,

The image of background means the earth which is a star of water and we use blue to express
hopes for world peace. There exists our major theme called viscous fingering and the first letter of
“Nagatsu laboratory”, N, is arranged at the center with “Reactive transport phenomena” at below.
This suggests our researches will be contributed to world peace in the point of view of transport
phenomena with chemical reactions.

RAMARSTIIEN L ORHZHEL THET,

We promote to interact with international laboratories.
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We have our each theme and we try to publish our paper for first-class scientific journal in
English in order to do excellent researches in which we aim to rank among the world in
Nagatsu Ianoratory We think to achleve character bU|Id|ng by having presentation and by

1t is heard that y”‘ :
’ 'w7?1|ch‘ﬁ'75he ants to

an’t-hunt hls/her job well and can’t find the employment at
n’t think this problem pessimistically but think that we can

rehing hard. This is because the skills we can obtain in the

lity, agenda-setting, research, experiment, consideration,

as the skills that we need in company or in society.

y is a kind of getting a credit for your graduation. We

ing for achievement of your goal in society.

General manager

Yuichuo (Nagitia



Ever Expanding Nagatsu Laboratory
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Nagatsu Laboratory was established at Tokyo University of Agriculture and Technology in 2012.

We’ve studied the academic field that aims at systematization of ways which deal with thinking about not only
chemical reaction processes but also physical reaction process such as flow and mixing of fluids, heat and materials
transportation, which is referred to as reactive fluid dynamics or reacting flow.

YEERIEYE

physics
RAEDFTRN

flow

chemistry

RIS
Chemically
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RISRIFBBEICRFBSNSSHEREREFBRIGRIZKATE.
BEDHZEIK[EDIGEEITLERZDOHARFNDENDHIEIRT
T, MR RIGHRIEI—0 Y/ TIXiA 4 . Chemo-hydrodynamics & FF
[Eh. ChIZEET BEFEREN O CTHRESN =D H2009F £0V5
FREICHLWEEMEETY

Reacting flow can be divided into two categories; one is gas-phase
reacting flow and the other is liquid-phase one. The reports of liquid-
phase reacting flow is smaller than that of gas-phase reacting flow.
The liquid-phase reacting flow is called Chemo-hydrodynamics in
Europe and it is a very new field of study that is in 2009 the
international meeting was held for the first time on this.
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RIZIF1998F DKL FRELREN S DRERISTRDERARERIEL . ChFETICViscous fingering(VF) (1)
EEENSBERERRIC. £ D RIEWREICKERTF T L&A RIGH (H2) (2009&["“:;1?%‘;&
FHEZEXRZHRR) LILERIGICESMELLZAL RN OGE (K3) (2009FEBKRRANFEEEME
BEXRHMR) DEHEHATHOTHRELTEEL,

Prof. Nagatsu has reported the phenomena called viscous fingering (VF, Figs.1,2) and controlling flow involving
viscosity decrease due to a chemical reaction (Fig.3) for the first time in the world.

A3 L
Hele-Shaw cell
ZHEEBICHITS
RAEBRD2RTET IV
2-dimentional model of fluid
displacement in porous media

HIRE—RX/\wHREE
Glass-beads packed bed
ZHEEEICHTS
BAEBROIRTETIL
3-dimentional model of fluid
@ displacement in porous media

REMEZEDT—V

MfhAL 23w L
Uneven Hele-Shaw cell

SHBEEEICHIT5REELRD
KYRENL2RTETIL

Our theme

BRI ROERRTE
REIRLT—DHE~DIGH
Fundamental study on reacting hydrodynamics and
Application study on reacting hydrodynamics in
environmental and energy fields

realistic 2-dimentional model of
fluid displacement in porous media

EAFERL:

FEERITDAER
Elucidation of unsteady
reacting flow using polymers
Bl IALERILTHE
ex. Weissenberg effect
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MERME (RiZHE—ER)

General Manager Prof. Nagatsu

EBEELTLEY,

LUREZESTOIREM—BBEIARMIBLLTHEEED . FEICERE

The general manager, Prof. Nagatsu, determines the policy of our activities and
directs or instructs students as a supervisor.

e

[
Viscous fingering &0
Viscous fingering Division

WIRIR KR T Viscous fingering(VF, 55#l(3p.5)%
EZERISZAVTHIEHT ZERARE IV . KR
DAMEIREENEL-ICARRETOTLNET,

We research the fundamental study on controlling of the
viscous fingering(VF, p.5 in detail), which is a physical
phenomena, with the chemical reaction, and the application
study for enhanced oil recovery(EOR).

FEEERBEZRD

HBEBHEH Anne De Wit
Collaborator Prof. Anne De Wit

(TVavtILBEXE)

Unsteady hydrodynamics Division

RERESFKERIZEBAA VI RIFTEHE
[ZDULYT Weissenbergh R DER m MO BAERZ 1T

TWET,

We research the effect of metal ions for polymer solutions

in the view of Weissenberg effect.

HRAPEE REZE

HEARE FEE
Collaborator Dr. Takahiko Ban

(KPR K= £ TEHEER

HFEWFFREZ Manoranjan Mishra
Collaborator Prof. Manoranjan Mishra

(4R IR K% Roperk)

N

#FBFEE Ching-Yao Chen
Collaborator Prof. Ching-Yao Chen

(REEIISRAREXRF HHTFH0)

Collaborator Dr. Jun lijima
(ERBIEKZFE EFH)

% T —< Research Theme.
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EERIGICEDFEEL L2 RIGICE DT E L
Viscosity change by chemical Viscoelasticity change by
reaction (miscible) chemical reaction (miscible)
AR LR
EERISIZES Enhanced oil recovery t2RISIZEDREENTI
REEEMEE{ Interfacial tension change by

Interfacial viscoelasticity
change by chemical reaction

chemical reaction (miscible)

(immiscible) CO, Mt EF T e i =B R EE S
CO, sequestration Effective interfacial tension
A RAME e T oy (e
Partially miscible fluids
ERAAVEENFIKBRD
EETE R

B s - —"| Reacting flow of metal ion and

Precipitation reaction Chemical industry polymer solution




|-ring|_0|.\'c About viscous fingering

Inlectlon rateq
Hele-Shaw cell

ZRDASADFTERTTETLAALLITEILOZH
BIRENICEMMERERICERERAZEIATIE. ZRK
ORENRAENZHICRREICGY ., FBRIZBEYEST, 2D
& % Viscous fingering(VF)EWWET , COKIBFRE
HOHETRAEERINEOR)CENHIE,. EHFESAE

Pump

Gap of cell b2 2. O3NSO —BEREDIEETIETO LR PEES
Metal , ‘ OtRACRIFEEETT.
plate [l l Less viscous fluid | When a more viscous fluid is displaced by a less viscous one in

porous media or in Hele-Shaw cell, the boundary of the two
fluids becomes unstable and forms a finger-like pattern. This
phenomenon is referred to as viscous fingering(VF). Study of
such instability is practically important in several industrial and
environmental processes such as recovery of crude oil from oil
fields, medical applications, chromatographic columns and so on.

Video camera

LHEEARTYSIE—

4 H—<KA

SAE TR AR A S E A LT EE (21
DI H— b, BROEENARENEE,
TEA BB,

174 =1 — U FiA (52T IR —X)

X1 9.7%HE|—1#|5T$ X2 99wt%’7")t"J/(|—:
TAR)EKBEFETETRIKR)  FEHEFR) EK(BRETE TR

DVFEER 1K) DVFEER R #UsEE
Fig.1 VF experiment of 9.7 Fig.2 VF experiment of 99 5ERT: E2AVELY
wit% HEC (more viscous)  Wt% glycerol (more viscous) CI3EE - | see.

and water (less viscous) and water (less viscous)

i B3 Application studyl|

FHREAEELTRBARRMNEZONTNET , Gl
EURTIEBEAE DLREUR, KBGEEED2REIR., Z
LTEORTHAIXREUMHYET

VFIRZ (A HEE R (EOR) DRI SN T
SNTWET, BHEUIROE. VFOERKIIXITFERICR

“ a DE S
1P'X.IEM Natural flow AI*X Hi_;f
rimary Artificial lift
MERLTCLESOIC, BBEREMIZSWLTVFIEA

v
2REUR KBk %Egj‘-’ffif
NERTY, ZCTHELEEMRLCZMNFEZAL Ll Water flood Presure

FEORDHLLHEEBIELTLET ., TORMTRE  ~<m EoR

2 RIEEAVTVFEHIT 52 TEET, i =T LHE

The main application of our studies is the oil recovery. The [P dE[N L 85 3 Miscible
oil recovery is divided into 3 parts, one is primary recovery Tertiary Thermal (* 4= )L B3k
such as natural flow, another is secondary recovery such as Chemical
water flood, and the other is tertiary recovery such as EOR.

VF appears in enhanced oil recovery (EOR). VF is a negative R 'I’?..ﬁll S ERIBUR
factor in terms of oil recovery because formation of VF leads s I’fl —_ A Caustic
to some oil staying behind in the reservoir. We are developing urfactant ("7R1) T —Zik
new methods of highly effective chemical EOR in which VF is Polymer
suppressed by chemical reactions.

|m?. About the study of unsteady phenomena

() (b) ~ LED FEHBIZEREL:
cont conn BO TR RIS RO
00 CONH,. °°°'\FESCON ' EEBOMEH
\ We try to clarify the unsteady
.ﬁ_ATW \(CONHZ CONH, behavior of polymer-solution
£4 ERR EATKEBRERIELTY 5 gashzsFREOEL chemically reacting flow using
g;;lg[o)iae%ﬂéj ””’.{%ﬁjﬁg f l";;:l% ﬂ%ﬁof-) :ﬁ(jé[)l% Fig. Presumed construction conversion of polymer chemical molecule measure.
M 60s. (c),%ﬂl]&lSOsO)mLéJHk /OGN FREFEELGTNIETI/OGRAZ S ZHRATELLHESR

Fig. Unsteady phenomenon The flow conditions TEYDRIEHEDER
in the beaker where Fe®* solution is poured into  Thjs is the first case of chemically reacting flow in which we can’t explain the

the mixed polymer solution . The condition (a)  macroscopic behavior of fluids without understanding of the microscopic behavior
@ before poured, (b) under poured, (c) after poured. of fluids.
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We succeeded to demonstrate the fluid instability convection driven by precipitation reaction in porous media . This experiment leads to
more detailed analysis of influence of precipitation reaction on instabilities of fluids displacement process in porous media. In the future, we
establish more precise modeling for flow and mass transfer with precipitation reaction in porous media by conducting some experiments
such as (1) flow experiment with various precipitation reactions in Hele-Shaw cell or in real porous media, (2) linear instability theory and

non-linear simulation using various kinds of permeability and function of precipitation, (3) experiment of CO, precipitation reaction in which
carbonate salt is produced for CO, sequestration.

MINISTRY OF EDUCATION,
CULTURE, SPORTS,
SCIENCE AND TECHNOLOGY-JAPAN

4‘/ 3%2022.10~2026.
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FBFEA. BN EH-EHRBEEDOEKICHIT-ENEMREOERAREZITOTEYET,

Prof. Suzuki has researched the fundamental study which tries to achieve the strategic objectives decided by Japanese government, based

on the national science and technology policies, and the social, academic and economical needs. His research title is “Establishing hew
interfacial hydrodynamics combined with chemical thermodynamics”. @
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Pendant drop tensiometer

BBREFREDORERAZTANET HENTEEY, FLAE
SR AEMNLO MN/MLULEDEZEDHBET HZEMNTEET .
BKFEORAEEAEIINTAELET,

We can measure the interfacial tension for liquid-liquid interface if the
interfacial tension is more than 1.0 mN/m. For example, oil water interface.

AEZ o ROy RER A

Spinning drop tensiometer

equipment in Japanese universities.

LA A—5— (EHRIA5E MR E R E) AR-G2

Rheometer (AR-G2)

ME OREY (REEHEM) ZRTE T S EMNTRETY . £ BIE
[ZEAICE>THRAFREORELA OO —4FHE(FEEM)ZRIET D
CEBATRETY  tDAEEAFENNIKSZELHYFET S

We can measure the viscoelasticity (viscosity and elasticity) of materials. We also

measure the interfacial rheology for liquid-liquid interface. Other laboratory
researchers come here to use this equipment.

Rheometer (ARES-G2)

ZOEMNH, I ESADHERBE - AEEBNZEOTLET,
We have many kinds of equipments for measurement and experiment.

L7 A—2— (BRI FL MR E R E) ARES-G2

MEDHE M (REEEHME) ZRESDENFRETT , £, K&
BIRBZMA T, MEMEZEFHLEARDIENTEET,

We can measure the viscoelasticity (viscosity and elasticity) of materials. We also
measure the more detailed viscoelasticity with a large amplitude oscillatory.

= IRANRERETSH—

RUA VN OYTRERDE TIEBINZOER (1.0 mN/mEL
T)THRERREGHRARNDAUESRTT . BADKZETIEHE
ERRENFOTVSINIEDHTY,

We can measure interfacial tension using spinning drop tensiometer even
if the interfacial tension is less than 1.0 mN/m. It is only we that have this
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International Conference Presentations (fy:2022)
BRarEdR (2022457),,

Yuka Deki, Yuichiro Nagatsu, Manoranjan Mishra and Ryuta X. Suzuki
Effect of Pe on miscible viscous fingering with an effective interfacial tension :
American Physical Society, Division of Fluid Dynamics, November 20-22, 2022 (IndianapoliS

=b

Ryuta X. Suzuki, Shoji Seya, Yuichiro Nagatsu, Takahiko Ban, and Manoranjan Mishra '
Numerical study on viscous fingering with a phase separation and the Korteweg force in a partially miscible syst
American Physical Society, Division of Fluid Dynamics, November 20-22, 2023 (Indianapolis, Indiana, U.S.A.)

Yuka Deki, Yuichiro Nagatsu, Manoranjan Mishra, and Ryuta X. Suzuki
Effect of Pe on miscible viscous fingering with an effective interfacial tension
Nineteenth International Conference on Flow Dynamics, November 9-11, 2022 (Sendai, Miyagi, Japan)

Kaori Iwasaki, Ryuta X. Suzuki, Takahiko Ban, Manoranjan Mishra, and Yuichiro Nagatsu
Stabilization of Viscous fingering in a Partially miscible system
Nineteenth International Conference on Flow Dynamics, November 9-11, 2022 (Sendai, Miyagi, Japan)

Harumi Yagi, Ryuta X. Suzuki, and Yuichiro Nagatsu
Understanding of Viscous Fingering with Gel Production Reacction via Interfacial Rhee
Nineteenth International Conference on Flow Dynamics, November 9-11, 2022 (

Anindityo Patmonoaji, and Yuichiro Nagatsu

Papers (2023~)

JE L (20234E~) .

Harumi Yagi, Yuichiro Nagatsu, Masayoshi Takano, and Ryuta X. Suzuk
Understanding the reactive interfacial flow dynamics with production of = ES iR EiEIiE Rl oeielal

large amplitude oscillatory shear (LAOS) measurements of the viscoelastic™irz . ‘
J. Rheol., 67, 935-947 (2023)

Yuka F. Deki, Yuichiro Nagatsu, Manoranjan Mishra, and Ryuta X. Suzuki
Numerical study of the effect of Péclet number on miscible viscous fingering with effective interfacial tension
J. Fluid Mech., 965, A22 (2023) »

Kaori Iwasaki, Yuichiro Nagatsu, Takahiko Ban, Jun lijima, Manoranjan Mishra and Ryuta X. Suzuki
Experimental demonstration on suppression of viscous fingering in a partially miscible system
Phys. Chem. Chem. Phys., 25, 13399-13409 (2023)

Sae Hirano, Yuichiro Nagatsu, Ryuta X. Suzuki and Jun lijima
Unpredictable Polymeric Flow Dynamics with Reaction between HPAM and Al®* by Comparison between
Pre- and Post-Reaction Fluid Properties

Phys. Chem. Chem. Phys., 25, 10504-10511(2023)




Our Activities

TR =) ED

MRED5IEHE
Taking over the researches
7GR, €36

Starting Lab. activities, Reporting

B KA, AR, RFEFEAR
Summer vacation, Research,
Entrance exam for graduate school

BAFRR F K

B4 students : Midterm presentation

=R
B3 students visit our lab.

J11A FEF
ATldd’  Campus festival at Agriculture Campus

)

& B4, M2 students : Final presentation for graduation
M1 students : Midterm presentation

BAZEESA TR MUEH/FER M1PRERER
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Reactive transport
phenomena

http://web.tuat.ac.jp/~nagatsu/




	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12

