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Abstract

Freon CHF experiments are carried out to investigate the CHF enhancements by mixing vane shapes
of spacer grids in nuclear fuel assembly. The experiments were performed for a wide range mass flux,
50~3000 kg/m’. Three kinds of spacer grids in 5x5 rod bundles are tested: no mixing vane grids,
hybrid mixing vane grids, and split mixing vane grids. The CHF performances are compared along
with the data belong to the PWR operating conditions based on a water equivalence through a
fluid-to-fluid modeling method. The average of the data in this range is 16.4% for 37 data of hybrid
vane grid and 12.5% for 24 data of split vane. In the lower mass flux, however, the split vane grid
shows slightly higher performance than the hybrid vane grid.
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Fig. 1 A schematic diagram of Freon Thermal Hydraulic Experimental Loop

2397



ot Algdlel] AdREe ARG e AR
21(60 Volts, 12000 Amp.)S <17tk 2% 711G
WA Agsil. AldY 95T 25 3
3 FIYY - T-yped AR A=, ¢t
o2 R2ubEALS P ENTEH o] 7

2.2 AlE
Aol hE87]

N
N
- >
)
N
o
1
=2
>
H
o
3
3
ob
1 % ol w rlo 12
% o o 2 i oz me

D
UV
o)
o
1.
N F[r Y ne
-
flo nn
il
o
2
N
2
_oril
2
i
N
N
14

rfo
kT
il
o[
o
_0|L
kT
S
_0|L
32
0

r =

At on, w4 68719 7}

=2
=

(3 ot ne

O 2 564 mm7} HEZ A
F-o] wmpxjut AR A=k} A 7bA] <]

A &
o,
A2 500 mmelty. XA A HAes
Fvfe] FEFol oFafAl= Aol A o
v/ yetz] ffs A8 AR AA
Aol vlsl F o WA At

-

A
7}

e X
I

>
2

N
U ot

2o

Fig. 2 Radial power distribution of 5x5 bundle

2.3 X|X|H X}

AdE GEAA A2} gk G2 AT Aol A
Jfuket 23 523 Ii(Hybrid Mixing Vane,
ola} HIrI/ME 7 AA AR, g Hed

7(Split Vane) A A AAE AF&-3}9] T},

N
Ny M

o2

lo 2
A || =T
_);1_11
N
% ~
N o
S o 4y -
= . E
g = =
o >
k)
%3
U
N fr
ot 0_5} —lﬂl S
ox o 2 fo
o w oex
2 i}
N o
d4u g o v
Hi X fo g,

o,
e

5
ox
flo

Nz
-
fr
o

fo to
oldt lo

U
(ot
gt

fr oo N N 2
offt
o
e
0%
>,

tlo
N
fr

Jo ot
Ey)

2

2

N,

N,

A

M [‘—E; i
o2
i 1
jutod = i
off
rfo
bl
e
=
i
2
o
Q‘L

)
By
N

2

oot I

ol
ol
=
20%0 M1 2L gl NN

oorr K

!
)
PN
—_
X3

HULLII'U:.I
N

S

[o hu
HoE o, oo
£ Qo

z
o Mk
X
s
i)

k)

N

_>|i

£

o+~

4

1o

>

o

.

2

N
S
1>
0%
o

o
o o

> ol

o

(i

N

™

2

)
12 of 1x Ok o oy o &

U

it =
A
-
1o,
o
ol

2 rlo
ki
g
>

)
e
og m

,d
o =2 M >
o gt

o

ok

ull

o

=

2

R

ﬂ

o
~

>

o
=2
X

ol >
o
o D)
D
% oN o,
X
>
N
i_
o )y
S A
[0 oft
-0,
BN o
ol X

Py o

£ %o

T
fot
rO

>,
juks
)
e
o
B
)
e
ox
ol
ol

ot =l o\ & PN X & o
B o
o e,
¥
AN
o
fru
N
o
ki
Jfu
)
o =

L=

e ot
fz of
T lo
3&&05
g =
o b
Qr
o ?;
o_|>:,_\|id
i
Ol (
&
sl Ei
—
= o
Y &
° 1o
e
o

S
Aow fekit)

Bz ooz o 3 1o go 3L
1 % bR

o

Fig. 3 Hybrid mixing vane and Split mixing vane

2398



200

P=3000 kPa /D
160 5
L /
£ 7
2 10} o .
2 / —
o / = =
%‘3 80 /D ' 4!\/
8 V " a/
O 40f # /-/" —n— Hybrid Vane
/::/”‘ —m—ah, =10kJkg e split Vane
= —0o—Ah =40 kJ/kg Without Vane
-4 h, =40 kl/k ith
0 " 1 " 1 " 1 " 1 " 1 "
0 500 1000 1500 2000 2500 3000

Mass Flux, kg/m’s

Fig. 4 Comparisons of the CHF (P=3000 kPa)

th oAb e Fol 9o 4o Fausel &
KX

=
o ik S At 120, ¢Ee 3%, DR
=

3.1 2ehtvlof olEt AL RS
HoAos Fuhte] =

AR ofy g Al 2 T AAAAE A
stae BEF FdsAl skl

3000 kPa¥d wf Foixl 4 FastxzidA A
& S7Hd e QAIERE ®sE BT
ATH FrEo] v g HadA) A

N AAAR BF FE5EF 7)o ol
AG ol wX|=

Azt JAALDFET ARSI 18y 3o

<

=

(o]
0 Hr Bl off JE lo >

200

P = 2000 ~ 3000 kPa .

G = 1500 ~ 3000 kg/m’s

T =49~820C "

" " an
~ L
£ 1m0t "
; on ]
< Ly
> LI BCY
S IO'O
T «08%
g o] © o}
S 100} .
T ]
T o
(@) Q
L ]
= Hybrid Vane :37 Data
o SplitVane :24 Data
50 1 1

50 100 150 200

CHF without MV, kW/m®

Fig. 5 Performance of mixing vane on CHF

AAAZE EEg AA AR Hls] AALDRE
o] Attt AL & 4 Ak Ee JFHEET}
55 FeETI 9 dALERE Tl
Hup b frEFel A yEphal gl

P AI =T e A B AAAA =
3l AR AR vl dAGFEY] e
g gFo] wmstA et 9k

¥ 5% ) AxAAe FEd] AA
AAe] Ass T AXAA ] v PR
vl Prkgk Adfoltt, Hlal 49 AR =4
275 ekl b e] 2000-3000 kPa, H &f<
o] 1500-3000 kg/m’s, Y- 49~82 T A5

of dis] o]Fojtt o] AREHE HFII A
A AR ] A9 164 %olal WGl XX 23
o] A9 12502 YERT o5 F F A3
A AR 230 diste] FlE Addda 2070

| daiM= Edlet g AA

32 Eerglol ofet dAE RS ds Bl

N AALFE A= dEFE Y
Aoz Hristy] S8 e Z2 Aoz 5
27 AR Az AL RS d P FAISH
o} A A A=A kel AdxdES

q// q//

mv-49 Nmv

P=———
q Nuv

AN e EFEAE Qe 3

X100 (%)

g A Az djste] Zhzh e
A AR = 5 750kgim*sE 7]FEo R A
A3} DFFIGAA AR T2 EAS



ol

DAL F

ki3

EAAAAL fA}

e

= e Skl vlE

A5

Q)
=

7h=

=
9

3
=
3
MJ
ol
B
—
N
o
x
. 0
T g
R T
o o
o o
Xq e
N ok
w
o
)
o] o
o
3o K
= ol
o XM
w X
=
zh
T Ar
x %
x o
=
5
el
Hr ™
- W
5
—
ox ,_uma
—
A N
"
ol
N
o 14

I 7tde] HolwA

&

Sl e, Ao QAL

el g7l A A A AL ]

ol

S|
=

DNB(Departure of Nucleate Boiling)=

s

Ay

fol 2 gk

S

A=}
o

5 Ho

]

2

o

3w} ot

el ]

=5
=

%T—

=

?l.

|

A

s i
o _ﬂmu

ar
" N
il
R
T
-y
B w
R

o
o R’
=

W
mE T
%0 T
o w
o
0| n
CO
/i
T N
A
N OF
o &
S
oE o
. o
A ek
T T
Mw
T o
< =
t T
= K
w &
w X
o X
P
o

HA AL,

S

o) 3

R

ke
T

o 538 Hdr=r st

o

o]#13t Z9-= A A Z(Liquid Film Dryout)z}

ki3

79

2k 2000kg/m’s ©]

o
~ T

10kJ/kge] 7ol A
3

w2

BolFa gt

=

o

)

—_
fie)

me T
oF of
T

fuy
T
K~
o <
AN
i Njo
of o
T4
o] 0
° g
IS
C
< oo
Nfo m_l
B0
+ 2
i)
mw or
™

—_
o N
o

~
M Nlo
T o)
X X
<3

X
= 0
o™
mw B
N
T
®E
Mz
N
5=
= X
o AR

T W ®O o = W R
T — 4 %ﬂ#
N oF S oF R oI
X ojn
o_u] ﬁ_.,ml_,% e
o > AR S
g B! K o2 %
r — T
B X mﬂ;&all
X W
o dﬂﬂ!éa o
7 " o g A
w Mo W =
70 ;MuMoﬂr. X oy
o oy Tl KX T o
\ n WOR B oy
0 < o
Gy o ®E
AL T TR T
N TR e X
oF 9 By B Mo m T owr
e Wk X
0 O ~~
*A\I
T Qo mow
= X Col S
o
g
2 gae o
- o 40
Mm-o > 8
o a 18
8
o w
o n |m mu
. 1s %
n > m m
[e) > ° Py
S 12 4
Q
g oo 18
=) > o =1
WW vv [ ]
s|8 >Leme, 18
MM =
z St S
§ & 8 8 g o o °

3

0p ‘9oUBWIO0Iad

s
U
w

p
o]

Fig. 6 CHF performance of hybrid mixing vane
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