
 

2 Ulsan Na

 
Nanoflui

suspension
found to 
properties 
critical hea
nanoparticl
benefits to 
the perform
core cooli
laboratory 
process to
assisted EC
and TRIZ. 
 

 
2.1 Axioma

The pur
design of v
provides an
designs an
According 
axiom, des
the design 
domains ca
characterist
and design 

where, [A]
mathematic

TRIZ i
facilitating 
There are t
Abstractizi
contradictio
We conform
 
2.2 Reverse

For the r
we must fi
[3]; 
FR0: shut

melt 
DP0: nano
The sub-F
coolant du
long-term 
and FR2 c

De

M

National Institu

1. In

ids, which 
ns of nanopar

show sign
with respect 
at flux and 
le concentrati

nuclear pow
mance of safe
ng systems 
environments

o reform a p
CCS using Ax
 

2. Metho

atic Design & 
rpose of AD 
various tangib
n objective m

nd enabling t
to one of the 

signers should
goals. The 

an be explain
tic vectors tha
solutions (DP

{FR}
 is the design
cally apply the
is a knowle
problem-solv

three steps in 
ng contradict
ons and conc
med to these p

e Engineering
reverse engin
irst consider t

t down a re
after LOCA 

ofluid-enginee
Rs of DP0 a
ring the initia
cooling (FR2
constitute the

Transac

esign of Na

Myoung-suk K

1 Kyung Hee
ute of Science 

*

ntroduction 

are engin
rticles in a s
nificantly en
to other flui
surface wetta
ons [1]. In or

wer plants, att
ety features su
(ECCSs) are

s. This study p
previous desi
xiomatic Desig

ods and Resu

TRIZ 
is to facilita

ble and intan
means for eval
the best desig
axioms, called

d maintain the
mapping pro

ned mathemat
at define the d
Ps): 
} = [A] {DP}  
n matrix that h
e independenc
edge-based m
ving in the con
the applicatio
tions from AD
cretizing the d
procedures for

g of Conventio
neering of the 
the top FR an

eactor while 

ered ECCS 
are the requi
al phase (FR

2). The respec
e safety injec

ctions of the Ko
Pyeongchan

anoparticle

Kang1, Changh
Gy

e University, Y
and Technolo

* Correspondi

neered collo
olvent have 
nhanced coo
ds, due to hi
ability at mo
rder to bring t
empts to imp
uch as emerg
e being mad
proposes a de
ign of nanof
gn (AD) princ

ults 

ate the impr
ngible product
luating compe
gn to be cho
d as independ
e independenc

ocess between
tically in term
design goals (F

helps designe
ce axiom[2]. 
methodology 
ntext of inven

on of TRIZ to 
D, decoupling
decoupled de
r this study.

onal Ideas 
previous EC

nd DP, as fol

preventing 

irements to in
1) and to pro
ctive DPs of 
ction system

orean Nuclear S
ng, Korea, May 

Engineere
 

hyun Jee1, San
yunyoung Heo

 
Yongin-si, Gye
ogy, 100 Bany

Korea 
ing author: gh

 

oidal 
been 
olant 
igher 
odest 
these 
prove 
gency 
de in 
esign 
fluid-
iples 

oved 
ts. It 
eting 
osen. 
dence 
ce of 
n the 
ms of 
FRs) 

ers to 

for 
ntion. 

AD: 
g the 
sign. 

CCSs, 
llows 

core 

nject 
ovide 
FR1 
and 

shu
and
the
saf
cou
ind
fun

 

T
cou
Th
and

FR
FR
DP
DP

T
nan
of 
doe
wa
Th
nan
pre

Society Spring 
 27-28, 2010

ed Safety In

ngjun Park1, I
o1* 

eonggi-do, 44
yeon-ri, Eonya

heo@khu.ac.k

utdown coolin
d DPs corresp
e preloading 
fety injection 
upling is attrib
dicate that th
nctions simulta

Figure 1. D
n

Two importan
upling is as fo

he coupling c
d pressurized

R1.1.2:  provid
R1.2.3:  provid
P1.1.2:  pressu
P1.2.3:  sampli
The samplin
noparticles req
the SIT. How

es not contrib
ater and nanop
he coupling ca
noparticles 
evention.  

Meeting 

njection Ta

n Choel Bang

6-701, Korea 
ang-eup, Ulju-

kr  

ng system. We
ponding to the

of nanoparti
tank (SIT). 

buted to the m
he contradict
aneously.  

Design matri
nanofluids in E

nt couplings 
ollows. 
caused by sa
d nitrogen.

 
 

. .

. .
de a driving fo
de a check for 
urized nitrogen
ing device 
ng for chec
quires depres
wever, the de
bute to a driv
particles.  
aused by a lo
and a neut

ank 

g2,  

-gun, Ulsan-si

e completed th
e previous met
cles into a c
Figure 1 sho

method. The b
tions do not 

ix of applicati
ECCSs [4] 

are identifie

mpling of na

 . .
. .

orce for the nan
nanoparticle s

n 

cking the 
surization of 

epressurization
ving force for

ow pH for the
tral pH for

i 689-798, 

he set of FRs 
thod, namely, 
conventional 
ows that the 
oxes marked 

satisfy the 

ions of 

ed. The first 

anoparticles 

 

noparticles 
stability 

stability of 
the contents 

n of the SIT 
r the coolant 

e stability of 
r corrosion 



 

FR1.2.2: pr
FR1.2.4: pr
DP1.2.2: pH
DP1.2.4: ne

 To ensu
SIT, the pH
acidic cont

 
2.3 New De

Using th
tools, we
injection sy
For the firs
contradictio
pressure” 
provides s
and “unde
problem 
measureme
form of the
of another 
nanoparticl
procedure. 
contradictio
abstractized
objection’s
object-affe
could decid
corrosion r
with nan
concretizat
a nanopar
sampling a
Fig. 2.  

I

Fl

 
Fig

 
This dev

and a nan

. .

. .
rovide stabilit
rovide compat
H stabilizer (a
eutral pH stab
ure homogene
H state of the S
ents can induc

esign through
he “inventive 
e redesigned
ystems.  
st coupling, w
on “high pr
with a contr
elective optio
sired results”
as “the d

ent for the fe
e undesired re
tank connect

le storage a
To solv

on “low pH
d the feature
s composition
cted harmfu
de to use a ti
resistance of t
noparticles; 
tion process. A
rticle injectio
and injection 

Safety 
Injection 

Tank

Cold L

loater

Check

ure 2. Nanop

vice consists o
nofluids stor

Transa

 

ty of nanopart
tibility for cor
acidic conditio
bilizer 
eity of the na
SIT should be
ce corrosion o

 the Decoupli
principles” p

d convention

e used TRIZ t
ressure, but 
radiction mat
ons for “feat
”. We abstrac
difficulty of 
eature to be i
esult”. We can
ted to the con
and injection
e the sec

H, but also 
e to improve
n and the un
l factors. C
itanium coatin
the interior of
this corres

As a result, th
on tank for
of nanopartic

Leg

Stopper

C

k Valve

particle-engin

of a coolant s
age compone

actions of the Ko
Pyeongchan

. .

. .
 

icles  
rrosion resista
on) 

anoparticles in
e acidic. Howe
of the SIT.  

ing Process 
provided by T
nal nanopar

theory to solv
also atmosph
trix. This m
tures to impr
ctized the fo

detection 
improved and
n consider the
nventional SIT
n based on 
cond coupli
neutral pH”,
e for stability
desired result

Consequently, 
ng to enhance
f a tank prelo
sponds to 
his paper prop
r the conven
cles, as show

Nanofluid 
Injection 

Tank
I-2

Sampling 
device

Check Valve

neered SIT 

torage compo
ent. The coo

orean Nuclear S
ng, Korea, May

ance 

n the 
ever, 

TRIZ 
rticle 

e the 
heric 

matrix 
rove” 
rmer 
and 

d the 
e use 
T for 

this 
ing’s 
 we 
y of 
t for 

we 
e the 
aded 

the 
poses 
nient 

wn in 

e

 

onent 
olant 

sto
40 
the
con
ma
coa
Fig
sto
com
con
Fol
coo
SIT
the
floa
pre
wit
 

F
cou
sam
kin
sto
this
by 
exp
term
and
as a
 

De
sup
(M
 

 
[1]

[2]

[3]

[4]

 

Society Spring 
y  27-28, 2010

rage compon
bar, but also 

e nanofluids 
ntents at a
aintaining them
ating on the i
gure 2, durin
rage compon
mponent are 
nnected to a 
llowing a LO
olant system (
T, at which po
e RCS. At thi
ater opens 

essurized nitro
th coolant wat

Following an 
uplings were r
mpling and ch
nds of coupli
rage tank adj
s paper did no

experiment 
plaining which
ms of reflecti
d showed how
an illustrative

AC
 
This work 
velopment P

pported by the
MKE).  

J. Buongiorn
Truong, an
Economics 
Evaluation 
Research Ga
91. 2007. 
G. Heo and 
Core Cooli
Nuclear eng
38-46, 2007
I.C. Bang, 
Axiomatic D
Nuclear Saf
Nuclear engi
1157-1170, 2
A. Chupin, L
Nanofluids t
In-vessel R
Systems, Pr
Advances in 
USA, Paper 

 Meeting 

ent can susta
a neutral pH 
storage com
atmospheric 
m at a stable
inner surface 
ng normal op
ent and borat

separated b
heavy materi

OCA, the pre
(RCS) decrea
oint emergenc
is moment, th
the isolation
ogen causes 
ter, to be injec

3. Conclu
 

analysis of c
recognized, su
hemical comp
ings, the inst
acent to the S

ot present a de
or code a

h design proc
ing axioms o
w to create na
 example. 

CKNOWLED

is the out
Program for 
e Ministry of 

REFEREN

no, L.W. Hu, 
d E. Forrest, 
and Safety 
of the Poten

aps, Nuclear Te

S.K. Lee, Desi
ing Systems 

gineering and d
. 
G. Heo, Y.H

Design Approa
fety Feature fo
ineering and tec
2009. 
L.W. Hu and J. 
o Enhance LW

Retention and 
roceedings of 
Nuclear Power
8043, pp. 1707

ain not only a
 state. On the

mponent can 
pressure, 

e low pH with
of the tank. A

peration, the 
ted water coo
by an isolat
ial floater ins
essure inside 

ases below the
cy coolant is 
he force gene
n stopper. F
the nanopart

cted. 

usions 

conventional 
uch as stored 
patibility. To
tallation of a
SIT was prop
etailed solutio
analysis, it 
cess was more
f the enginee
anofluid injec

DGEMENT 

come of a 
Energy &

Knowledge an

NCES 

S.J. Kim, R. 
Nanofluids f

of Nuclear 
ntial Features,
echnology, Vol

ign Evaluation 
Using Axiom

design, Vol. 237

H. Jeong and 
ach of Nanoflui
or Generation I
chnology, Vol. 

Buongiorno, A
WR Accidents M

Emergency C
International 

r Plants, Anahe
-1714, 2008  

a pressure of 
e other hand, 
maintain its 
while also 
h a titanium 
As shown in 
nanoparticle 

olant storage 
tion stopper 
side the SIT. 

the reactor 
e pressure of 
injected into 

erated by the 
Finally, the 
ticles, mixed 

ideas, major 
nanoparticle 
 solve these 

an additional 
posed. While 
on confirmed 
focused on 

e efficient in 
ering system, 
tion systems 

Manpower 
& Resources 

nd Economy 

Hannink, B. 
for Enhanced 
Reactors: an 
, Issues and 
l. 162, pp. 80-

of Emergency 
matic Design, 
7, Issue 1, pp. 

S. Heo, An 
id Engineered 
III+ Reactors, 
41, NO. 9, pp. 

Applications of 
Management in 
Core Cooling 

Congress on 
eim, California, 


	분과별 논제 및 발표자

	PNO0: - 515 -
	PNO1: - 516 -


