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An Experimental Study of Two-Phase Critical Flow with Non-Condensable
Gas at High Pressure Conditions
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Abstract

An experimental study was performed on two-phase critical flow with
non-condensable gas at high pressure conditions. Two test section pipes, T2 and
T2GDM, are used on KAERI non-condensable gas two-phase critical flow test facility
to measure pressure and temperature distributions and void fraction inside, respectively.
Experimental data of critical flow rates are generated using the test sections of T2 and
T2GDM, which are small-diameter pipes with an inner diameter of 10.9 mm. The
experimental results show that the critical mass flux decreases rapidly with the increase
of the volumetric non-condensable gas fraction. Also the critical mass flux increases
with the increase of the stagnation pressure and the decrease of the stagnation
temperature. An empirical correlation of non-dimensional critical mass flux, which is
expressed as an exponential function of non-condensable gas fraction of the volumetric
flow, is obtained from the experimental data.

1. /\-]i

T



-
=4

AAFIL(SB-LOCA) 7}

Q7

[e]

A= SMARTeOl| 43

2]

AA A

R

Ag 5

A

27 [1, 21¢}

49

719

TASSY MARS$} 22

[e)
v

el

o

o
bf-

S zhe A2 B0 20 mm, Ze] 300 mm)el A A <kEle] 4, 7, 10 MPa, 47 %3

&

w3 WA

= A et[1]

§ gl %

3]

of
(F°] 1000 mm)oll Al A g o] 4, 7 MPall 72 7oA o

o

%740, 20, 50 T2l

s

°] 109 mm<¢l &7
A27ke Fgol o

S Ak 2]

3]
=3

hul

g A9 delg 7t

y
I

wK

)

]

BH

ol

—_
o

o
1 2= 5

Z

o (T2GDM) <} A3

3]
=4

@ A

& 2740l b

o uiy-e] 72

o] 7}

Fol o] F-of Atk A%

0|45

\
EN:

=
=)

o}
i=}

H(T2)7F A&-= A ek A

& A9

)
[

g

s

N

B
g

1
ol

wK

T

~
on

!

wolt= upel e},

o

i

_
T

o} (T2GDM

AAE A9

4

ban, vl

S

Al geom s)g

N

o))

Ho
<]

<A
w0
ol
=

o]

o

el
el

282 7] (Pressure Vessel)2} ¥

o)
H

b

= W=® A (Discharge Tank) A}o]d

o]

o )
o o]Fo4 gtk

= A4

)

o
)

==

=]
T

=]

w5 AT Al

| 7t F9o] spsEeE A A E gl

9]

s

7]

=
=

oW ex, ¢

< 4E8r 2 A

gl

Ay =

Q/]

oo

!

el 057 m, Zo]7} 5092

R
.

1]

S EL IO

st

7]



m, F¥7} 1.3 m'Sl HEeeF &rjojth. ¢H87] st olojx= AF wiFE WA el

87.32 mm, Z°]7} 236 m¢l wj#olm, Probar type f %A E H|$E=712E FYAd7] 939

71/ &3F w7 AFEA T Adde v/ 3 wjaE ebde] AAET, Al

shctoll = WEMY ol WEEa WA
=

7b dddd Alddis e wjds Bosts mjdes

7F &olste s dto] ZAAR A ZE QA AFo AMEH AlFdl= Sharp-Edged I}o]E
e = A 7ol 109 mmeolil, Zol7F 1000 mmelth Ald) Wi 7|28 =4S 93 A
O (T2GDM) ¢} Al Wie] o 2 ex ByxZ =AHa7] 95 AFH(T2)7F AL

oﬁ{‘.:

k %)

E} Alddl T2% W7ol 109 mm, Zo]7F 1000 mmel Al g &3 A 2o dd

sheto] Eojli= WAol 87.32 mmeol i, Zol7k Z7F 281.15 mm, 280.85 mm¢l ¢A K-

Tom FAEe gk Al Wi 4 ¥ ex % = L

dxdiel Ax Xt ® 1% 2ok A¥d T2GDMS A gd T29 A&7 34, v u

% 2
=

=
% Aot RS AAHNT, dohaLEA) £AYE ol 5ol
=

ok o] %4
ojfom, A AvkelA gl FEAE QAFHe] SATIAT B AT
MPRE Bo FYHE Aasbne £ W fFo] FRH NG AT T2 A
W g % ex wxsh Sgselgon, Ad TGDME FaAE Add W JE
Bgo] ZulARAEAE ol gate] S0l
23 4Y 4%

AgEael A A @A Azt shol Akskz AGE7]o

3
@
<
)
=
D
7
7
jan
=
(¢
@
o
=]
—t
=
=5
<
=
<
?f/
il

1:]
B AW FEL AL + Q=S AAHAL. 1

TR oHAl AE 7L 2 o= T A=
S7t29] S BARE] fete] Alojd A ko] AAbar Algd ddkel] FeiHh
A7t re FH¥2AWB(FCV, Flow Control Valve)o] ZHsol oale] A& dAeto] A
H daFdudos FuHo A BT|ERE BEHe 2% EFHo] AdUE Fske W
ZHT b= 877 AA 2o =de o] HH DASE Sl AdAETE AGEH, 4F
£7] WE9 WA 97 AR Aol =2std AdFgel i DASY HAEn
A At

3. dAFHF 243 Test Matrix

ol T2GDM¥ T2& o] &3 AFo] Fyd=om, AAFH ddd 25 Fx 3 7]
&oll O3 AdAdelgrt FE5HAG £ o]
& AddeolyHes 285 A &St
AH 7] WE AA 257 g2ola, FA 4ol 40, 70, 2 100 barel A $-o dis}e]
Jol FaEAT Tk =87 FI7F st gl 2 oF Bzt 2 A FA oY
40, 70, 2 100 barQl -5l whete] Aol FalHAL, F=HE&7] WY FY7dEs 0,

A

=

!
r-{m A

>

(]

]



33

hyA
aL

=
=T 987Hi P
ng% %13494 .

=] est matr, _

11X+

e
T

o] &% gt

E‘ﬂ o] E1

3]
=

55 A

3]
l‘?‘ ?g ;‘(ﬂ

2 5
O, 5 C= Eﬂiﬂ—}\]
3]

o
Mﬂ MMOEI]
- Wﬂafu%@p.

. 1_.121%'7% —

o ;ouou ﬂﬂdﬁ T T
=% Fozsiia sr=vys
== = L uu.%ﬂ«.ﬂ%ﬂ
o B »ommdl.ﬁomﬂmo% mlﬂ64mﬂ Wﬁﬂﬂ

=} 0 S X
ik SreyTsy CLARTd Gt D

9 X e
¢ = o Vo 0 .@HT%.M% oommfoﬁ e A
o O & WT o Mm%araﬂ W fewwl
NG %MM%@H& %%@WM%H m@e% ﬂm@_zgﬂaﬂ_c
® = woﬂ7mfizs 6ﬁaibmﬂ urmJﬂ.ﬂ ﬂgmo@_zaw

= i\ R 7 o N B o A S W Y %
Zo N do B M o N i < M@:]o7 ﬂﬁmag%iﬂ
ﬂo,uz. ﬂwWEmL@ﬂS ,oEnJmi,oT ,10_% mo%?iﬂ?
Wlcs o i e BB ﬂVaﬁ% ﬂ%ovﬂ%ov
B s W WA NE Tk o " S = = Gy

= = % 5w o o X oW HTauﬁ¢2§1
—_ ‘IrOHo_E],mI | ‘.mlﬂhﬂﬁoaﬂ,:rbf ‘@|7L1_| . Lu,lD‘IL.OZE
WQE _ﬂmﬂo]mﬂ% | MH_/uq_ol Qi&% n_Luu‘_o RN

{ o ﬂaﬁﬁummﬂ% = = Ltﬂo ﬂaoﬂ%%mu
o} st X0 o N o}/ wpy BR ﬂ| o o N oo = d % o o —
= ' =g X g = Mo S oo o = L

R = < ! < - ) o a ° o )
%o o Ty T — H ﬂmm:al . ) T Hz.Lmn
— = OtLu_w.ol‘mﬂﬂﬂA R JI%O J_/lm_xéoc ou1__/|HT1_I_6u

N @ﬂmm%a%w R T o w8 ﬂiiugﬂ
o L A AL ] E i mh s Lo %ﬂﬂw@ﬂ
- 9 Haﬁﬂo% M 15@“?% T ° =1 Hi%%ﬂ@
E < _ELM__ﬂmoﬂﬂz L o N ST sow
\OI,ﬁI.A.I ﬂ_—lmOH hO]ﬂwHﬂHO Z_I\aﬂ OT WHPOE‘;IOEAU’ m‘h Lﬁmoq
T 5 4ol5ﬂzﬁ e aozﬂﬁownﬂ SR o T o
nﬂMH Xqﬂaﬁl\mmoi.ml =/ »ﬁ ‘_J‘U\ﬁ EOEO]%I. _ETHOOUFMHI

ﬂuoT X s = F U 4 Revy F - ™ 1rsO.
e ﬁono@im_x%@i ﬂar_/_]srxfr nynﬂrpugﬁﬂ.xﬂ w3
= %Lﬁﬂﬂ,oéo., HT%%AE% %ﬁww%w,ﬂﬁﬂ7
5 4 E%@wﬁ;oﬂ.% Emﬂ%%zg ﬂmj%7ﬁaa1ha

il . Jo_uﬁuq, H o T = 7 T ]iﬁ o) o
= o ﬂmmqﬂﬂ G mg,q% awN%og%%mm@

l e =g T <t ey r o8 R
T oo @%m%MMmezTﬂné, Eurm,i%w_w%ﬂm. M%QCTO&V%WMMMH
= = au»omﬂxmﬁ =¥ 3 o R A.M ano} P%M?M%frﬂ
~NJd .IE‘._W.NOLLc‘OIXMﬂ.ﬁLIAA .I_X.A| m.hoﬂl _OEJ_/IMﬂM N ™ — T
o ~] o Hr _do,£1_|7 R R Mo o e 9 NEMEZ ;o o E.Ewi
NS 4.1%2%61%@3% a.%%ﬂ%ﬂo% DﬂTwﬂ mnmw%éﬁa

H 0 oo —_ = T | . P
4 ﬂ_zﬁ%%ovWZ JSMﬂmﬂﬂzﬁo aomuﬂmxkvﬂﬁc*%drwﬂ
4o*o]ﬂﬂ~| oﬂu,._-_leTiJ.ﬂ o_HTJ.M gq ~ <

= B x]wr_% —_ R 2 o e uo%

N ~ o N T A oy e o oo —

< : _%A%ﬂ 1n_rm%G,2ﬁooWaﬁ1%

T T o s o1 m4w 1JEow%

o T B CI s % y

X S 7Lfaﬁ~ﬂ.ou.iimu

m«AuJIL L_uL.‘DFﬂJI

Eou0.7xom,A b

o A%Oﬁ

wr‘_ﬂﬂaﬁn_rmﬂ

°|

T

7ol vEbd st T
g 7



60

Hl &5 72 A A f2F(Qa/Qc0) 2

=

ol
% Ge0

S
Rius

<l

1.5 MPaelx, 94+ ZIIJ=7F 0, 20, 40,

=

h=d)]
Ge/Ge0) S F2F

FrE dehigla, 9T APEsh @A R

ol 05, 1.0,

o)
H

A

34

o
S

L

Celata et al.[3]
H| &5 7127 EA)

A=}

of wel QAREAEE F7)

)
=Y
w
o
<

NR

<=

A

R

bl o7

o]

ko]
o

Foh, 19 9

= 5ol

a9 102 AA z2H ol

]

1 9= 9t} Celata et al[3]9] Z#
A z=710]

A WGERA e Sk

o] 70 bar$!

1

A

—_
o

wo

!

]t &
(1
0.045
&5
=i

&

]

&
o

R

A
X 0
(40, 70,

}_

=
=]

=7

o)
H

o

B $-& 72
(e}

o 47

9
T+
H

0.419 ~ 0.854¢]t}.
(o]

73}

fu

1

KR
=

_?4

Fok 21 (Dol A Qa/Qc02] 3k

H
)=

Ge/Ge0)

R9|

& 7bs

]
ZS|

A F 5 R(
de VM= A7 E(HE 109mm)ell A e argt v

3} ol
o,

o

[e]

=
¢}

slo] )

H
=

Ry = 0.37794+0.60045 - ¢ ~ (/a0 /019547

freFe] 0.008 ~ 0.218 kg/sQl WLl A

(Qa/Qc0)e] &= o
~ 05249
Sharp-edged -+

o
H
5.

w
ol

o
i
ojn

ol
o

\=|
s

A
" 4

]

FAF A ¥ S F7E=

A

3

tat, 4

Fhel whet 17 o

7}

=

o

=

o

ZFell et

=

o

94

1657k 2o
h

=]

B
o}
|=]

se 47

A Al



)
rlo
r o)
=2
>
lo,
=
oo
AN
)
[>
il
b

e

VIHEF YARFY 2, 3
[2] BHAA, AT, ARE, ATAR WAL nA/AFE MSEE o FHE IAF
Fol Ut APH AT FFAAL G FATE TR, 2002

[3] Celata, G. P., et al., "The Influence of Non-Condensible Gas on Two-Phase Critical
Flow,” Int. J. of Multiphase Flow, Vol. 14, No. 2, pp. 175-187, 1988.

A= D Algd T1| Algdl T2 A2 D Algd T1 | A& T2
(m) (m) (m) (m)
= Al P12 0.296 0.860
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PT102 | Press. | Rosemount 3051PG5 |0~120 bar| +0.05
Pressure Watl Kt
Vessel | TE113 | Temp. atiow, BWPE 1 g—400 ¢ | +04
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Connecting _ Calibrated at
Line FT301 | Flow Probar, PBR+26S |0~42 kg/s| 0.5 120bar, 320°C
Hoffer, HO1X1-30-B- .
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b b — o i
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Normal Temperature 5 12
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0 50 C Sub-cooled 1 5
Normal Temperature 7 12
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20 C Sub-cooled 6 9
10.0 -
50 C Sub-cooled 3 6
Normal Temperature 2 3
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