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May the Chemically reacting flow be with you



| IS @3k Meaning of our logo

N

Reactive transport
phenomena

BRIFKDODETHAMIKZTEL . HRAFENADFLZAD-FZERELI-, £
21X, =B D E HEHRET—I THSViscous fingeringZFEEL ., PRIZIZTE
EMEEDIENFNE, ZD T[ZReactive transport phenomenaZiiAz TV,
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 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 reactions.

RAMARTIIEN L ORHZHEL TVET,

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 Iafboratory We think to achieve character bU|Id|ng by havmg presentatlon and by

eop ’t-hunt his/her job well and can’t find the employment at
n’t think this problem pessimistically but think that we can
ing 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.

is a kind of getting a credit for your graduation. Make
n society.
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General manager

Yuichuo (Nagitia



Ever Expanding Nagatsu Laboratory - ﬁ"" l

REWMRZEF2012F, REEIRFISHELEL,
YHARETIEIRABOEERIGEICZERSBIELZ T TE RIADFRN-BEE . B-ME OEERE DYIEIBIE
EEBITMYBOFEDARRILZBIET EZM AT . RISRAARNZFERGREFEEN TS EMEHAELT
WEY,

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.

RIGRITBBEICRRSINSKBARGREFTHERIGRICKATE,
REDEEIIKEDOSEICHERZOHAEFALLENDONETRIKRT
T, B RIGHRIEI—0 Y/ TIXiA 4 . Chemo-hydrodynamics & FF

RS oy [Eh., ShICET 2ERLEADO TRESNI-DA2009E 05
; & FEIHLERIEE TS,
Chemically | - ; ol . . .
eacting flow FRDFN, 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-
DL 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.

Bl AL-LantLAISR RS AV
.%*511,&%%,?’&7‘—[,7‘—@»! ERG 1R
3%,  TNLDBR G

RIZ(T1998F D K FRRAE L RIEN S D ERARISTRDERFRZERIEL . N FETICViscous fingering(VF) (F1)
EFENBBRREMRIC, ERM DM RISHIRES j(%(ﬁﬁ???‘éﬁﬂﬁ)iﬁ?um(lz)(2009&["‘“:;1?‘%4;5
FIEZEXRHAR) CILERBICEDMMELRIEZRAVRAOHIE (K3) (20009FEBARRANZEEME
BEXNRMR) DEFEZEHRATHOTHRELTEEL .

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

REMEZEDT—V
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Hele-Shaw cell Our theme Uneven Hele-Shaw cell
ZIEHREICEITS ZIBEREICHITHREELRD

RAEBHRD2RTET IV KYREML2RTET IV

2-dimentional model of fluid
displacement in porous media

realistic 2-dimentional model of
RERSROERRZEE fluid displacement in porous media
REIRLTF—DHE~DIGH
Fundamental study on reacting hydrodynamics and
Application study on reacting hydrodynamics in

environmental and energy fields

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

BATFERAL:
FEERITDAER
Elucidation of unsteady

reacting flow using polymers
Bl IALERILTHE
ex. Weissenberg effect




|- Organization Chart

MRMIE (RiZHE—ER)

General Manager Prof. Nagatsu

EBEELTLEY,

» 4

LUAREZES T OIREH—RIARMIBLELTHEEED ., FEICERE

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

[
Viscous fingering &0
Viscous fingering Division

WIRIR KR TS Viscous fingering(VF, 55#l(Ep.4)%E
EZERISZRAVTHIEHT ZERARE IV . R
DAMEIREENEL-ICARRETOTLNET,
We research the fundamental study on controlling of the
viscous fingering(VF, p.4 in detail), which is a physical
phenomena, with the chemical reaction, and the application
study for enhanced oil recovery(EOR).

HBBHZEE Anne De Wit
Collaborator Prof. Anne De Wit
(CUEVEIN=]::pN=2)

|
I ERBE L

Unsteady hydrodynamics Division

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

We research the effect of metal ions for polymer solutions
in the view of Weissenberg effect.

HARAPER REZE

XRMRE *#EE
Collaborator Dr. Takahiko Ban

(KBRKZE ERTFHREHR)

H#FEWHFRE Manoranjan Mishra
Collaborator Prof. Manoranjan Mishra
(4R IH KX Roperfk)

ARABER RXaFt

Collaborator Dr. Jun lijima
(HAKRZE EFH EFRED
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Collaborator Prof. Tetsuya Suekane
—_ =G g\ 4 T F| —
(RRIRKRF REBTFHER) =T —< Res
EERIGICEDFEEL L RIS R DA5E L
Viscosity change by chemical Viscoelasticity change by
reaction (miscible) chemical reaction (miscible)
2=pi::bpi AT
bR =L Enhanced oil recovery E2RISIZEDREENTIL
R LR 2L (EOR) Interfacial tension change by
Interfacial viscoelasticity chemical reaction (miscible)
change by chemical reaction
(immiscible) CO Mo B A R ERE
CO, sequestration Effective interfacial tension
B technolo (miscible)
BB IEAOMETRAR gy
Partially miscible fluids
ERAAVEENFIKBRD
eI BT
B s - —"| Reacting flow of metal ion and
Precipitation reaction Chemical industry polymer solution

©)



|-rlngl..OL\'C About viscous fingering

Injectlon rateq
Hele-Shaw cell

ZRDASADFTERTTETCLAIAL AT EILPEZH
BRENICERMERERICERERAZEIATIE. ZRKE
ORENRAENZRHICRREICGY ., FBRIZEYES, 2D
& % Viscous fingering(VF)EWWET , COEKIBFRRTE
HOHETRAEERINEOR)OCENHIE,. EHFES A

Pump

Gap of cell b2 . /AN ST —BRGEDLZIRTOERAPRET
Metal , ‘ OtRCRIFEEETT.
plate [ ’ 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

LHARELKXFVIU5—
24— A
SRR B R R AT EA LIz EECH
NBETAH— A, ERDEENKREVIZE,
TERLHB,

) E—a— U FRIK (I TIR—X)
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f B3 Application study|

B1 9.7W%HEC(¥sE B2 99wt%’7"HzUJ(.—,
FAR) K (ERETETRIR)  REMERE) EK(IERER
DVFEER 1X)DVFRER

Fig.1 VF experiment of 9.7 Fig.2 VF experiment of 99
wt% HEC (more viscous) wt% glycerol (more viscous)
and water (less viscous) and water (less viscous)

FHREAEELTRBARRMNEZONTNET , Gl
EUX T EELRE DLREUR., KBGEEED2REIR., Z
LTEORTHAIXREUMHYET

VFIRZ (A HEE R (EOR) DRI SN T
SNTWET, BHEIRDOE. VFOERKIIITFERICR

“ a DE S, S
1Prﬂ_|§|1|l Natural flow *I_*%EH?%
rimary Artificial lift
MERLTCLESOIC, BHEREMICBSLTVFIEE

~N

Toxmi [ kvuk ( EEEERL
DERTT. 2o ChI-b R BNELENTEEAN naintenance
T-EORDFLLVAEFRHAELTULNET , T H T TIX{E v EOR

2 RIEERVTVFEMSIT 5 EnTEES, =T LuE

The main application of our studies is the oil recovery. The EFdElE i §s 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 i A Caustic
to some oil staying behind in the reservoir. We are developing urfactant ("7R1) T — B
new methods of highly effective chemical EOR in which VF is Polymer
suppressed by chemical reactions.

|‘H3’%’. About the study of unsteady phenomena

(a) (b) ~ (c) L FatRIEBREL =
cont: f CoNH, B 5 F R RS O 3
20 CONHy J7 oo SOt &R B DA
°° o0 We try to clarify the unsteady
.ﬁ-ﬁm LCONH2 CONHZ behavior of polymer-solution
£4 ERR EATKEBRERIELTY 5 gashzsFREOEL chemically reacting flow using
%ﬁ@biﬁv{?ﬁ{%@ﬂm bag:l%ﬂgﬁof') 'ﬁ(jg,[)l% Fig. Presumed construction conversion of polymer chemical molecule measure.
S0:. (R MA ISR, UABHFRELERLETNIET /AL REEHESATEIROHEA

Fig. Unsteady phenomenon The flow conditions TEIDRIGEDESH
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 f|yids.



— YAHOO!::L——Z,%%E%J?FEEH:

-> e pBEsnELY

-

YAHQO!z3-2 jg57;ehcnana

—— I
s - - - - - e - L

PR ERRRLI0OFE | UK S PO~
RIALE. WREDIC LD SR SN IRETFREMRONE
(/™

REML. MIAAYR LYRRRD

SRR, LI ATAYR LYRRHE

LS S T
T YEASEAY FRPBICYE
1. XEMAYRDOTEDS (Physcs Review
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AARIE. SAEEERNICEVTEBRRISICKYBIESRIINIRAETRZER RO ERIICER THOTHIILE:
LOT. ZABERERNICETHERTOLRAOREMRICRIFTIABRRICDEE O RO FMTMBRTIEHRE DT
BHNDTY . EERMICE. AL -2V PRBEOSABERENTORELDIEBRRIGEHEITNDEE. (2)
BADBEBELLBROERZERAV R LT EMEROERBII2L—1ar, Q)COMTBEMD =D xEIEE
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Vo DEEZBELET,

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.

EEEE N E) S hds s
Particinate in national project!! JST researcher Prof. Nagatsu
Participatein na searcher 10 —arg
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Prof. Nagatsu 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 amd economical needs. His research title is “ To create the oil-water
reaction rheological interface for highly efficient enhanced oil recovery”. @
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RUFUM YT RERDE

Pendant drop tensiometer
BRBRERBEOFRERNTETETHENTEET . -FLAE
SRAMEDNLO MNIMU LD EZDAHBIET HIEMNTEET,
HAKFREOREEADEIINTRELET,

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.

RE= Oy T RERDE

Spinning drop tensiometer

RUF UMY T RER A TIERINAZVEEE (1.0 mN/mEL
T)TLRAIERRRLGERERNDAERTY . BROKRFETRHE
ERRENFOTLAINIEDHTY .

We can measure interfacial tension using spinning drop tensiometer even
if the interfacial tension is less than 1.0 mN/m. It is only us that have this
equipment in Japanese universities.

LA A—52— (BRI E R E)
Rheometer
WE OFE5EME (M EHME) ZRIE T HIENARETT . £f=. AIE
[CHAICFS>TREREDORALA O —FFHECEESE)ZATET S
CELARETY DA REIMENIKSZELHYFET S

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

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

FKEADHRBRE-AEEENESO>TNET,
We have many kinds of equipment for measurement and experiment.
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i 3 H March

;. HAROBIEHE, RERT—IEROY REROPYFOEMOENAEHHo1-YT 5,
- Taking over the researches. Prof. Nagatsu decides your research theme and your seniors teach you
how to conduct experiments and how to use measuring machines.

4H April

MREEBFIR, ME LA,

HELI BAMICLE, AVN\—DRITES DEBROEHIKRZE/NT—RAUMNITERT S,
JsE ARSI, B2 EEICRROMEBEMML. BT,

XTI HFHAICIE, BERXZEMRL. ERT D,

Starting laboratory activities. You should report your experiments to members with PPT at Report
Seminar..

Report Seminar : You should report your experiments to members with PPT once every 3 weeks.
Report : You should submit your report to Prof. Nagatsu with word file.

Paper Seminar : You should introduce your reference paper to member in Japanese.

8 A August

REHERA. KERAR. #R.
Undergraduate 4th grade students taking entrance examination for graduate school. We are in summer vacation!!!

9 F September
HBOFIIEEBE., (BT RIRR)

Starting the second semester. (Undergraduate 4th grade students have midterm presentation)

10 A October

B4fpfE FE

Undergraduate 4th grade students have midterm presentation for graduate thesis.
11 A November

EFMFEER IFE~NOHARERN
We have campus festival at Agriculture Campus. Undergraduate 3rd grade students visit our Lab.

12 H December

ELH,
It is getting cold.

2 A February

ZEim-1Em - PREFER
Undergraduate 4th grade students and students in master 2nd course have final presentation of
graduate thesis, and students in master 1st course have midterm presentation.

* BIEHERARON—TA—REE [ EAATEDFETHRESNET,
We sometimes have party (e.g. welcome party, end of year party and etc).



Rules in Nagatsu Laboratory
— REAMWIRB D

* a7 34 LIXREE]9:00~17:00

We normally start our activities from 9:00 to 17:00

X FEDNHIZEEIALUFT—ICENTHELZE

We must write our schedules to the calendar

K| ELI-HEECHEMICLE)., HIXEI(FHICIE)ZRHISENE
We must attend and have report presentation and write reports once every 3 weeks,
and have reference paper presentation once every semester.

Conference Presentations (2015~)

FrIEFE (201542 LK)

Nagatsu Yuichiro, Toshizo Kanbara, Masafumi Taniguti
Suppression of a hydrodynamic instability by chemical reaction producing gel
Oscillations & Dynamic Instabilities in Chemical Systems GRC , July 17~22, 2016 (Stowe, Amerlca)

Reiko Tsuzuki, Masanari Fujimura, Yuichiro Nagatsu
Influence of chemical reaction decreasing interfacial tension on a hydrodynamic instability
Oscillations & Dynamic Instabilities in Chemical Systems GRS & GRC , July 16~22, 2016 (Stowe, America)

Kizuna Abe, Shuntaro Arai, Yuichiro Nagatsu
A proposal of novel chemical flooding using reactive viscoelastic oil- water interface for enhanced heavy oil recovery
Oscillations & Dynamic Instabilities in Chemical Systems GRS & GRC , July 16~22, 2016 (Stowe, America)

Ryuta Suzuki, Takahiko Ban, Manoranjan Mishra, Yuichiro Nagatsu
Hydrodynamic interfacial instability driven by partial miscibility in a fluid displacement process
Oscillations & Dynamic Instabilities in Chemical Systems GRS & GRC , July 16~22, 2016 (Stowe, America)

Satoshi Tagawa, Jun lijima, Yuichiro Nagatsu
Elucidation of unsteady flows in a mixing and reaction process between an aqueous polymer solution and a metal ion
b2 T2 E81FE S Mar. 13~15 (Osaka, Japan)

Hamirul Bin Othman, Manoranjan Mishra, Yuichiro Nagatsu
Radial viscous fingering of finite miscible ring: An experimental study
Twelfth International Conference on Flow Dynamics, Oct. 27~29, 2015 (Sendai, Japan)

Ryuta Suzuki, Takahiko Ban, Manoranjan Mishra, Yuichiro Nagatsu
Experimental study of viscous fingering in an aqueous two phase system
Twelfth International Conference on Flow Dynamics, Oct. 27~29, 2015 (Sendai, Japan)
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http://web.tuat.ac.jp/~nagatsu/




