KAERI/AR-662/2003

H| 2t S = ZHoj|A e S2F 2l otzd =X
HFH 20| 5 7|2 g BN

The state-of-the—art report for flow and pressure

measurement techniques in the piping system
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SUMMARY

The Sodium is widely used as one of the coolants in the liquid metal reactor
system since it has important safety features such as a long thermal
response time, a large margin to coolant boiling, and operating in near
atmospheric pressure, etc. The state-of-the—art on the flow & pressure
measurement techniques in the piping system worldwide is investigated and
reviewed to utilize it as a basis for developing a new technique applying for

the high temperature sodium flow enviroriment.
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(Compressibility), ¥] % (Specific gravity), =% (Temperature), = (Pressure),
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1. A4 (Viscosity)
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0% %I} £e45E Liquids FE7F FebA| 1L, Gast HE7} Fobddh

e A A (Absolute viscosity)

pw[cP] © 20T (68, F) ¢ &9 8% 1.0 cP

o THA (Kinématic viscosity)

v [cStl ExauleRlgf 1 2=

2. 9% (Density)

A% = ZA Liquid density®} Gas density® T35F=t], Liquid densitye= €
Hol A9 GFE WX dE HIEA AEE VAL Joy, 19d e &
=4S udE&oF vt Gas density: =9 ¢t#Ho] ol Ux W3 A g



3. =4 (Compressibility)

FEH S Liquidsl 25 M 2o 48 4T 938 FoE dnsow
% 5L 4% W 3esd R AW Gasd 2§ W FAW A4=
W owEA mRslel Bk 954 AAE RS 2w, el R UEd
o,

4. "] % (Specific gravity)

H]F2 Liquid®} Gas® Y] £ w.Liquide A% 4C == 60, F ¢ =&
7o g 3 WE HES 2eln, Gagel A% 60, F (15C) =29 1 71¢9] &7
5 7|eo R g EAE v 2 YEdT

Sp. Gr (specificgravity) =

5. 2% ( Temperature)

LEE fART ohBk gtrel ual AR s)Ael deE AHsHE ARl

.
[c] = (. F1-32) x (5/9)
[K] =+[TC] + 273.15

6. 9= (Pressure)

FEe FEA FAt MFEA FA G} Aolst Yo uPA A BT

SA4A BEF aEE dlof k. bE Aotk AlejAske] s, Ao

1 atm = 1.033 kg/awr = 14.7Tpsi = 760 mmHg = 10.33 mH,0

7. 759 FE( Flow type)
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Hn

25 (7) =4 U

- 97.83 C

- 8829 C
97.81 8.65x10°mmHg
300 1.37x10°mmHg
400 3.54x10"'mmHg
500 3.91mmHg
600 24.4mmHg
20 0.9684(s) gfer
97.81 0.9514(s) gfer
97.81 0.9270 g/er
100 0.9265 g/
300 0.8805 g/er
500 0.8331 g/
600 0.8089 g/er
100 0.682 cP
300 0.340 cP
500 0.239 cP
600 0.212 cP
25 0.2920(s)cal/gC
97.8 0.3258(s)cal/gC
100 0.3305c¢al/gC
300 0.3116¢al/gC
500 0.3015c¢al/gC
600 0.2998cal/gC
100 0.205cal/em sec. C
300 0.182cal/em sec. C
500 0.159cal/em sec. C
600 0.147cal/em sec.C
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- Thermal flowmeter : 4% &34& ol &sto] s FFst= Y

- Ultra-sonic flowmeter : Noise levelZ} Doppler shift &35 o]&3to] F#&
frete WY

- Vortex shedding flowmeter : A 3tAo] 2]3lt o} F3HAS o] &3te] FHFHES F

Fahe

(2) Discrete quantity type® =AW

Discrete quantity type< Operation® 2z} Cycle "t} A1) LAk A4 o)
Meter Y4 Pumpss &35t olgste WA o® 7S S8k Wiolth oy
g W e FRE Ued 22 Zo] Atk

- Positive displacement meter

- Positive displacement metering -pump

(3) Mass measurement .type2] 7%

L2 Mass flow' device2l.7}40] oW &
WHoRE FAo] JlestEE WA BWol AREEHA &1 Jd= WHelth o W
Holl thgk /7= b3 2 Ao AUk

- Coriolis type

=
Mass measurement’ type?] =%

— Impeller turbine and Twin-turbine type

b 247 Pz BE 7R
(1) Moving partE E33ste F+HSFH
- Positive displacement meter

— Turbine meter

- Variable area flowmeter (Rotameter)

(2) Moving part® ¥83}# 2= §F=4
ol Wl Pipelel AYAE Eashs f¥E4 Pl

- Differential pressure type : Orifice meter, Venturi meter, Flow nozzles)



- Vortex shedding flowmeter

- Thermal flowmeter

(3) Moving partE X &3a}= &
o] WHLE Pipeol AIAE *x35s}A
- Coriolis flowmeter

- Electro-magnetic flowmeter

- Ultra-sonic flowmeter

AA = FEEAUYY 9 FEFA 25 Orifice plates o] 83
Wi o] 7 wol 2ola ¢lon, e o2 Thermal mass®, Turbines ©]-&
3k W Electromagnetic 0] 83 WSS F

Industrial Flowmeter Usage
50.3%

46.8% 466% = 46.3%
R | -
... 31.9%
-
§
Types of flowmeters
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E = Induced voltage
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U = Velocity of the cnductor
ISk

FAZE AEA AAE 24T 50, g o2 A8 E LEE 10T A
180CHEol Y AbE sk Al Aol el aledA el ALE7Fs ettt ARE S E S o
40MPa BEolH, A4 tEEAE AL glok st F47] A - Fof 9o
A dFel A9 5l AR, el A Bl L] A #AEIE Dasty, doF

o7 a7be A F 7}E skt

. INSULATED
FIPE (D)

ELECTRODE SKSNAL
VOLTAGE (E)

MAGSNETIC FIELD (B)

FLOW

VELOGITY (v E=B*V*D

O

MAGHETIC FIELD EXCITATION CURRENT

O

29 36 AR KA el s

_14_



. o}F = A (Vortex shedding type)

A7F 2= BE F99 Strouhal numbero] WE

PN
AET

_g’l

h84

3l Shedder

Ao oz <l

- o
— T

3

et

o] Shedderol 4]

=2 =
=

Shedder

@
_xd®
4(S?)

o719l M, K,

. Strouhal number
: Shedding 3}
Q : Flow rate

St
i

4r
ok
b=

ﬁo

S

1

7] o

d : Shedder?e] .z} -

_ZM_!

Sheddere] =

=
=y

agEol EA

= +1%0l A

e
o)
o
oF

;O._
<

pa—

0
N
Lu‘_
jant

—

O

ox

+

4

fvze)

_ZTI

213, =715

o
ol %

A=

-200Cell A 420C
o] HlnlA At} T3 Shedder=

0

_ZM_!

o
N

B
H

0

X

9]
+l

e EE

4

=8 st =

)%= 2 Shedder %%

Aol 4

o
3

u

_15_



2}, W3 27 (Rotameter, Variable area type)

4
)

!

el

€]

of wW& Velocity force®t F2 Weight force?]

=
=]

FrAle] &

7k SLod

=
T

1l

SF, = —Fp + W— Fy = 0

Coro U Ax = glp,—0)V,

1
%

Q = UA() = |CoKI'"*A ()

Fp= 5Cpo UAL

oV

sV » Fgi=

W:

. Density of float

A7NA, o,

. Density of fluid

0
Cp

: Drag coef. of the float ( C, = ARe) )

Tube cross=sectional area

Ay

U : Average velocity past the float

© Volume of float
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o
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vl EHl %A (Turbine meter)
HHl fF#Ae] ALY E Fedde Aol Magnetel <& #k3hrb
Rotor7} #A1¢] &89 wtgl 3 dsH Pickup coilf-ollA 3| dd w2 A~= 7t

o
Aete] o2 BAl AVA A5 s F2E frels ol

A7l A, @ : Flow rate
» - Rotor angular velocity
y ¢ Fluid viscosity

etc : Dimensionless analysis of parameters

&1 100044629 | 4w ) A
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b, B} A %A (Target flowmeter)

AJr

A

A &

R

stel A

S ol &

=9o
o

E A ] A]

<]

o
ﬁo

o

[N

EEEL

=
=

a9 3-14. g A A 9

_22_



M4 2y -9

_Zrl
o

ol

X

o] 7

;OL
an
el
TToH
o
e

AL
o

o
<]

—

0}
[aze)
AL
;OO
=0

mH

o)
ﬂ_mo
b

T
st

)

ol

o)/
—

™

deha Qe

=
=

Al

™

P, — P = pgh

A7) AN, P, P,

ool 914

oH

g =9.806160=(1 —0:0026373 cos2¢).-— 0.0003086 H) [m/s*]

H
=

el
—_
"o

\

A

A" e
P1@®
PZ._\(

]

£ 1,729 F AR Abele] ool ®

>

h

B

W
o

i

2% 41 fAUe] Qele] Thlo] Ao

_23_



W=
gz

o
T

ol

5

A7 W] weh walsh gl ke ol

—_
o

o = e

;OL

£l

ol
o
Gaal
el
T

1o
Gad

—

0

8
4qr
T

)
~K

el

—~
o

Wojua, #ujgrele] 1%e14 10%4Fo] o A

A=

o2 425 OmmHgol 333}t

=
RN

=
-

Absolute
Svstemn
Presome

defel Nz He

G2

.

o] 23l

A

A== -- -

System
Pl"fil-'t

Absolwie

System
Pressime

Liaeal

Eeference

____J__j___

I

Pressure

Stanilard

Atmospheric
Pressure

7
T

oy

|

a9 4-2. NNFEH O w

_24_



oy
<
o
R

B
ol
0

ny

o

—
fite)

AJr
]

bl gt

°

=

==

<

=

=

A}

s

o]

=

2ol

—
=

I

A

ol =

=

o # %9
A7} A2 g0, URte

(o)
o) 3=
A e

Uz
3

}

1
i

ARE
UAHY

s

T

e

[e)

z719 <
=

b

==

!

)

]

A} d714

)

)
U

]

W

ol

0

A
)
T

o] ATt

A S

Ouu

qmo

Al, A=A

Efjell mE

= ,wm = =
gl [t | =T T
o8| ° o | of | B o8
0 o X 0 mwa 0
| ﬂu —_— ] \_w
e | O | o | mo =
| 2 2| e | = e
|2 2N | om F
| S | T
0 il]
<]
T T
LA X
ER 7 o
= X
BT T
o
B
ol
)
=3

_25_




-
K

c
rvzel

X
;él
)

-9 A w

o ela) ukay

T

Bl

—~
o

N of SAstaxt

o] 7}3

T
on

T

AEEREE

=

]

9%

o o

“oH

)

727}

e
=

e F AFA gAY PR

o)

N
o

o
—

0

o
)

AR 0

o
N

o

ct.

R

9ol #)etol

]
=

,

)

Wge ol solol

=
It

il

H
ol

Al o] tlrolok

X
_ZM_!
1l

")
-

fi%e)

T
‘_Jﬁmo
=L

ﬂo

J|
-

o

oled A (U-Tube manometer)

€]

(1) U=

[=2d
=

mmH-O(or Hg)7} ¥t}

P1-P; =pgh =vh

T

oy

P1, P2

o b =

_26_



&
4= dgF 5 ~ 2000 mmHO(or Hg)ollA A&, AHIE+
mmH20(or Hg)7} #t}.

P1-P2 =pg(h;+hy)

Py, Pp i1, 2 949

ol p: A BE

W e g THNEE
i Aﬁ | hy, hp : 1, 29] %]

T 44 g A g

(3) A+ F¥ Al (Inclined manometer)

AT GFAE A< Draft 43, MY 58 SASdAY A
= W= 1 ~ 500 mmH:O(or Hg)olA Al&¥™, A3

mmH;O(or Hg)7} ¥t}

P1-P2 =pg(h;+hy)

_27_



T

ol

0
uze]

ny

N

)

o a7E % %

Az 7]

Fo.

Bourdon tube type $F2 72} Diaphragm type &3
[e)

U

FRE
e

Azg oz A

[e)
Al, Bellows type %

=

o
gl

S
4

A
VAol M ¥
7]

=
=

4

A
Y

o}
H

¢}

33

} A

QUi

A717F o] H o},
1=

%R
™

——

0}

T
ol
Qmwo
70

m

_28_

b}

0]
hul

Sttt

°

- $¥SET} =gk
37} 4

- Hysteresis 2.x}7} &4
- A A 7F A



(1) Bourdon tube type & 7
Bourdon tube type 4= A9] AU = &

oz Add A4 AANE WANA wFB Fo| AAANE BB g o],
=}

Torque tubed HA To=z FEHAL
dE A

, H

2RO R AL JbEETh il B oR: AN F7kel ti@ Alcke] mE, 717
4 whel o3t 97t WA, $¥&EEsL LAl L, Hysteresis 9 A7h %
A},

$ERE AU A%, AAETe 2 9 ANl AgHE, 4 294
F2 g

. >) m
& ] O
Section S-48
[a]C-tube (b1 Spiral
[cIHelical [d) Twizted
S|:|r'in-;| /—"\
.
Pivat &
- Linkage
A
Gaga
Pointer
"\—\.\.p
Scale

19 4-6. Bourdon tube type 4= Ae] +x % F5H

_29_



(2) Diaphragm type $= A

o]

)|

ox

™
M-

el

ﬁo

Diaphragm type? =74

Flat type = A2} Corrugated type =7, Capsule

1
T

ole} 7L WAo=
type A 5ol Atk

0
HH

i
1o
<
o
B!

o)

ol
1

b,

S|

e b i S

-
It

0

17 #pe}

Ea

[e)

3 ¥

S

= =
< T

p=1

B} ZApoll H]

=
U

p @AxFe] Arf,
CORRUGATED
Connecting Link

HoN2

1
U

o

s

|

Cree
CAPSULE

Ciaphragm
- 30 -

o

7]

=

FlatSpring

I
]
"

2=

FLAT

TRIRTEY.

Ll

1% 4-7. Diaphragm type &4 +

1= E = Al

3}

Pressure
Connection

hA

o] W=, Aol

j=3

[e)



(3) Bellows type ¢+& 4

BT o ™ CNeT ~
il ,w.,._ Eo j— —_ ﬂo =
4o i % T F
0 o © S
ay o) oF Y
by L 2 ER 4w
B8 i O = i sm o
% wi —_ b =y ﬂA.I
o K - ™ = 1__/| T
B o o m T ) ol -
K o A 0 ~HF R krﬁffx h
T R - 3 .
S IR S S S - £ ;
e BT oo X oy 3 32 5
TRy T o SR gw = \GM g
8o )l o S IS e
1_,_A| _5._; = - e 10rb m m _é. o) s =
~o Eo ° —~ X ,ﬁ_v ﬂ b
<0 <R g ™ o B 2
# z_.o .ul ) . 2 ,mww_ ° 3
o L e F L 5
of WM o T B e N -
oo e 2w e e £ _ 1. ]
Y g ZL o
R I I
%o_ewﬁal.ﬂﬂr;.ﬁ%ﬂgw
T W o | MR 4 = do N
R T e ngEE o
oo = ool O W T g ) -
T T g ) g X0 o o A 25
= 1 P JPom oom e g % 5 o
R K ~ oy © S
@. o .7|m o T @v N (S = - o 2
of X © R RO o ot B o X o ww s
— = )
m nowE "9 m S T T R odo
= om WW o = AN M ' o T <
%) o w v D o N N o —
= % m oz 2T o LT
bmoualomwbﬂum.%%@
T P B oo o BT
ss ~ @ A %0 = ¥
e oK ox T W ° o

1Y 4-8. Bellows type && A9 %
- 31 -



2% 499 2ol ZAA ] XA A9}

gl

=
=

o

AJr

vzl

Nr

e

9

I

Z

- )
- T

Y

233

=N
o =

Slurry

’

H

gl

&

A}

o

olo

IH
of-
ﬁo

—

0
03
o
of
Nﬂ

fi%e)

ﬂ

oo
ol
|

o

A =2

A 7F obd

oll =
ol %

o
L
=1

]

SRR

_32_



B
)

Hlo

—_

;om

Fol 71 M Mgl

0§

=
=

Bellows, Diaphragm¥s ¢ 4%}

Ar

ath.

s
(¢}

457t 7k

=i
dole el yxdstrt & o

bob.

S

s

A7k 7}

h=d]
=

& 7=

e PC¢9 Interfaced] 9

fiTe)

7
i

o
oy
gl

ﬂv.o

Strain gauge type $& Al

Potentio meter type S 7l

} type A

2

A Piezo A

IH

)

o
o

-~
on
X

A(LVDT, RVDT)

=S|
=

o}
H

+E WY

s}
o
gl
o
olo
</

jruze]

_33_



fus

g

=

Al =

e

(1) Strain gauge type &7
Strain gauge type

™

o

gtol W

&}

Aol d71 A

d

)
T

W

X

3ol

A

|

sl

)
=
=¥

[e)

=

g o]

-

T

A

S

1t
T}.
Strain gauge type

q_mo

Bo

-

oy
=)
H
o}

A

—_

IH

ruze]

bt

)

°of Abg°l 7k

70
N
L,

ol
o
=K
‘,n/_mo
Nr

ek,

°©

o] T4l Blad 7

BE

|

10
;O.#
50
UAIO
il

olo
A

)

N

ol

Transvwerse

aHis
A.P"'

10

o
=
-
=
o

End loaps

Lead attachment
(or solder dots)

Measurement

_34_




(2) Potentio meter type %=

Potentio meter type2]
o, 7IAIA AAA Al

Mshe Suste] 248k

Potentio meter type®] %

Al

7} A a1

AN

0]
AR

= Bourdon#E Al¢t Td3 2=

Wa A/ A4S Agekel 2 A gtel WaE 4
T
[e]

e 2

° XOPXJ

- %9o] A 7}Ao] A
- AF R WF =S AS sbssi
- 25271 % Bas

- 2% nAo| golstr}

.

- 71AH whe| Ay

- Z3lsel Alekeo] A

- Q%o eFata, el Bk
- W97k Aok S o gol et
- &R @Ak Ak

P2 —m

Varible
resiztor

Bourdan
tube

F1

_35_



WA Piezo A% dEiAle) SR 2EdAs A g Ao 44
29} F st

of greidlel FHEL AEehy 2 AE wEAe Pero AREIE o] &7
WA AelA st delE oo GA welzel wubgow AF A Al
A7k gom, 4 2 we bed 2

- Strain gaugeE ## Si-Diaphragm ¢ B2tAlA A ZFslr=z A

glol 2937} 7hs o,

- Hysteresis7} €] §lt}.

- ex ®BA 32 D AZAo I2E 79 Diaphragm Yol FH
o] 7}& 3ttt

- AlFe rAstE &olstth

o A

- 2% Hglo] Wikt ®WAFs| 27t FFH o)t

- AbEREC] Wt Frt

- AgEo R A F o] o] Yy,

Fadial gauge

resistar
Tangential
gauge resistor

electrode

Silicon
diaphragm

Prezzure

19 4-12. ¥r=A| Piezo A38 4#EAY =

_36_



A (LVDT, RVDT)

==
=

o}
H

(€]

THA]S

(4) =k

Bellows <t Aol A 7] A2

dde=

=
=

]

G
ol
Gl
o
X
o

oF
Gl

o

0
;& I
el
"

o
T

=

=
=

- AZE7} -

o) WA At

;OO
Bo

%
o)

T
o
I
o}

- ¥ A #Fx o Byt A}

_37_



oF
H

(5) Piezo

]

v
od

mK

G

A

s ggoz 3

2 QojA o

b ol

o

.ZT!

o
T

ol

o Axb zpA| Y]

R

L)
ojn

B

[

=3

el

&}t

ﬂ]

o] At}

FORCE SUMMIMG

_U.|'|

}O UTRUT

BARIUMTITAMATE
ROCHELLE SALT

QUARTZ

/
CREYVSTAL

BASE

Tz

e 7 o)

(¢}

19 4-14. Piezo A<

_38_



o

=
=

aps

wow
b o]

-

T

B

S

Diaphragmeo] <=
o] Wslrp Ay

1
T

12

I
-

[e]
g

==
=

b o2 <ls) A7)

°©

EERRS

-
T

]_

5

[eever pracent Sad)

- s
= Diigh

ny
! . E—
;IJVI ,LvL 2 ] m
W ojn . _LTM ..r__mwn
o ™ o
»A_l —_— =
mo Ot q u_ymwu ‘;M T EREEEPERERERF RS 3
po= T % 5 om s
) - M.H..._
.H_Ol ‘DVL \H_O| ‘OI ;Lb‘ ,H_Ol oo A " !
~0 — . = —~ ~ X ~ e
xo mK T 0 do o NH ER q
)| 0 o il ]
T v ® o L o ;
T o EolE T . |
i Il
™ W R m o N W -
~ o) _— d WOE
T ERLUE T ox
e Tmygx® Burow
Mo TR T A Mo R
o C [ I [ I C [ I [

_39_



g} 52 2 Al(Dead weight tester)

BRERER

o

Nr

o]},

ol

=il
=

- Ram¥ Cylinder7} &4

o

)

o
N

-
IH

A
or

fi%e)

2

e
7K

p—

o

fvze)

ol

&+
E)

e

=)
&+

=

=
;OO

KO
A
|

o

o8

W

Nr

A

| nl ZH
Jrer Furnp

_40_

L

Fiston &
Cylinder




=
T
T
jifd
)
5

-l

K0

H 5

Nr
o)

I

EAow oA FEze A

o3} ol Wl - ole] f A A

il

|

oo

7

TN

B

N

I

0
o

o ¢ 3}

ak= o] kel tka

4

¢+

=

|

yl

=
Tor

R

B

9] =74, 742 AH(Phase),

(22, 53

= =
o T, T

A €]

o
T

y

}5]—

3 4 58

O

o
umo
o

K

_ZTI

70
o}

sl

file)

iy
)

o

fife)

o

N

el

N

o
W

R

bol A @ 5

S|

5 FolA 244

o 3=
= ©

Z]

9
&7l (Electro-magnetic type)9t &3 % (Ultrasonic flowmeter)2] € 2]

A <]

A grobi Tl - 9]¢

ok
=

el

K

B

_41_



N

o

)

o
0
_AO

KO

Nr

=
=

Job ool @Al wul - ool Agetn Y ¢

2

= YA

ol A @Al 2x0]

ol
on

R

o
il

B

iy

=

b Qou, 7be

= 5

oz o
L =

Fere

ja!

Plo

i

(]

o

Aolth. a2 AR AA= E

fsiz
=

i oF

]

Alell 219

1ol 2nj= <k

KA S

|

o e

A}

2 =27 W7}l 100kg/ /et o]

T
w
™

ol

6.

el

P
fite)

B!

el

_42_



L AEW, “2d2 o8d AAFE L ne A AYSAER L 247%

]

7", KAERI/TR-1877/2001.

2. Richard S. Figliola, Donald E. Beasley, ” Theory and Design for
Mechanical Measurements, Third Edition”, John Wiley & Sons, Inc, 2000.

3. Fluid Meters, ” Theory and Applications, 6th ed.”, ASME, New York, 1971.

4. Shercliff, J. A., " Theory of Electromagnetic Flow Measurement”,
Cambridge University Press, New York, 1962

5. Mattingly, G., " Fluid measurements : @ strandards, calibrations and
traceabilities”, Proc. ASME/AIChE National Heat Conference, Philadelphia, PA,

1989.

6. "Measurement of Fluid Flow in Pipes Using Orifice,” Nozzle and Venturi,

ASME Standard MFC-3M-1985",“ASME, New York, 1985.

7. Sweeney, R. J.“"uMeasurement Techniques—in.Mechanical Engineering”,

Wiley, New York, 1953.

8. Streeter, V. L., and Wylie, E. B., " Fluid Mechanics, 7th ed.”, McGraw—Hill,
New York, 1979.

9. Doebelin, E. O., " Measurement Systems : Application and Design, 2d ed.”,
McGraw-Hill, New York, 1975.

10. Goldstein, R. J., ed., ” Fluid Mechanics Measurements ”, Hemishere, New

York, 1983.

_43_



N

A

Ql = —
_._u_ 1 O <
3 — g | o R
Kr ok g | & o
n O - N EY
z o e a |~ 7
T Hf o s —
o] 21 Ho N
3 B T |
T K Bl )= I o
M o { | ol }
1 0 =
H oF ﬂrt lo._ Kfo m.l_ N m.“_Al ._“_m_|
K T w 8| A |'=
B T = ol =] r : H
iof W 3 % w %
lu.ul EO E._L . _-I|
T o H N 1ol all
™ o 0 El
H = N no
. : 4 |
4 7ol m._ i |
N RO 5.0 -
wr 5} 2 =
ok a- k=l
of
3 &
| = = 5
. m 2 g2l
X =} . ~
A8 I K- om0 T -2 o
by N ok OF _HAT
N © = 0 =N
~ as = K _ | 5 =
> < = o0 or | of = = ™| o _Uﬁ
o = I+ = —_ K K 10 w
G o - K= | K o | = || T | oF
L or = .| Wolo g la |+
= Tl T T . LI
X K o] < 0 =1l T il 5 Tl

Z5(300EH0] L £f)

HA FEE FA

ol A

o

)

W

ol

Bl

ol

F7k 4]

Eal

ol
=]

A9

gqow %
N

ct.

o] flen,

AA A}

s
.

(102ho] Lh2f)

My 719

=
e




BIBLIOGRAPHIC INFORMATION SHEET

Performing Org. Sponsoring org. Standard Report | INIS Subject
Report No. Report No. No. Code

KAERI/AR-662/2003

Title/Subtitle The state—of-the—art report for flow and pressure

measurement techniques in the piping system

Project Manager and .
Jin-Ho Park
Dept.
Researcher and Jeong—-Han Lee, Bong-Soo Kim, Jong-Man Kim,
Dept. Jong-Hyun Choi(Fluid Engineering Department)

Pub. Place| Daejeon Pub. Org. KAERI Pub. Date| 2002. 12.
Page 45 P. IIl. and Tab. Yes(0), No( ) Size 26 Cm
Note

Classified Open(0),. Outside( ), _ _Class |Report Type AR

Sponsoring Org. Contract No.

Abstract(About 300 words)

The Sodium is widely used as one of the coolants—in the liquid metal
reactor system since it has important safety features such as a long
thermal response time, a large margin to .coolant boiling, and operating in
near atmospheric pressure, etc. The state-of-the-art on the flow &
pressure measurement techniques in the piping system worldwide is
investigated and reviewed to utilize it as a basis for developing a new

technique applying for the high temperature sodium flow environment.

Subject Keywords
(About 10 words)

Pressure measurement, Flow measurement, Liquid metal, Sodium




	표제지
	목     차
	제 1 장 서론
	제 2 장 유체의 개요
	제 1 절 일반유체의 특성
	제 2 절 소듐의 특성
	제 3 장 국내?외 유량 측정 방법 현황
	제 1 절 유량 측정의 개요
	제 2 절 국내?외 유량 측정 방법 및 종류
	제 4 장 국내?외 압력 측정 방법 현황
	제 1 절 압력 측정의 개요
	제 2절 국내?외 압력 측정 방법 및 종류
	제 5 장 현황분석 결과
	제 1 절 유량측정 현황분석 결과
	제 2 절 압력측정 현황분석 결과
	제 6 장 참고 문헌


