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Thermal diffusion experiment of impulsive heat
in subcooled liquid nitrogen
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Abstract: Transient heat transfer caused by an
impulsive heating in subcooled liquid nitrogen is
investigated experimentally. This study is part of
our ongoing efforts directed to a stable cryogenic
cooling system for superconducting fault current
limiters (SFCL). A thin heater attached by epoxy on
one surface of a GFRP plate is immersed in
liquid-nitrogen bath at temperatures between 77 K
and 65 K. A strong heat flux up to 150 W/cm?® is
generated for 100 ms, and the temperature of the
heater surface is measured as a function of time.
The behavior of bubbles on the heating surface can
be explained by comparing the measured
temperature history for vertical and two horizontal
(up and down) orientations. It is concluded that the
subcooling of liquid nitrogen below 70 K is very
effective in suppressing bubbles, resulting in better
thermal protection and faster recovery from an
impulsive heat.

Key Words: Heat transfer, Subcooled liquid
nitrogen, Impulsive heat, Fault current limiter.

1.4 B

= %
& 7171%F st 2AE@F/lelt ¥ 4
2 29 AFY BRI AT A 2AEA
NS -
(o]
?ﬁ‘

lo
y
4
e

ki
i)l_‘l‘

9

g olgsmE. ®/He ARAZ =9
9 JAR BE el Al & o4
=e] Agho] vl Fasiti(1-5]). © &
o] Aty AAY 2H=E87s NEAL
FYsged (Hdaxg) A2 77
H gR7Ie WA A" FAl 28"
71, 656 K AEle] 3 AAALE

& 2A® A7)V vt Be g ol

P 2
o,

b Bo

2

-
rr

H
o O o

M (o (K o
(A

o2
o to

o
(o 32 Jo
o

o
32 ofo Bl

2

ok -
i)
N
X

i

©ogaEd  Felugn ARt B G
ENEE

oA 8 4 g BErledTa d7d
o3 d o ity AN "o s wg
# 04 3 4 LSk HEdTas A3d

R 3 ARG A7) - AAeEE o

dugs
AALEEE

20059 9¥ 169
2006 14 31¢

o g E3Lxel 77 Kol BludH, n22AEA
o oA AFHREE 65 Kol w$ =7 wjEo) &4
He AR FY3 Ve s R £ o AlxHe]
2957t 7hesithe). & A AA AEdAE W - ¢
T dFstz Qs 7129 Aol dAlE F e
2, 717 dd "ol AxA o 7

A 4538 fEsei 2d
1o

lom, 4

o
2

c

lo,

s

L of

o, ]
e’
HeAES
&

u 2
m‘m -lh'

oo ook

N

I~

[
)

o
o 1S
Gk
N X2
x
e
SL

>,
ke
=)

N o
I
R
o
SN > e pE 2oy Y

1 rE pu 4
e =
)
rlo
~
>
>
M
(Y
2V
0,

A
2
2
do
¢
oX
o

fr
)
o

v S
::]‘ !
on r
2
2
1o
)
ne

oo g e Mo
2
Ol
o
>,
)
@
o
r 2]
Y

o
iy
oxr T N
ol
2, i 4
2,
Bk
bl r'lo

oL
)

UR
o

(@)
O o
3
>
N,
o
>
mEEH

rg

=

rl

o %
l'ﬂi_z
(o

o (o M

o

By
i
i

e
i
N
N2 R > b

ox

Ol'm
Y
B 1o
iz

e,

2
>~

Qb NN N e 2
b rlo o
)

.
)
ar
=
ofrl
ol
ox
to

N

Lg 2

'Jﬁzo}ﬂr

o
N

Py £

I
=

ol ﬂ\l

rlo

Wz EAE o
1A Yol A &3¢

o Al
o] 5}l 3} 71
Lzl
i SEOTE ud

2w O

e
)
lo

>
>

12 K
P

A

L

oAl
L
2
ri
i,
il
:\_l,

= P

et

ol

[¢)
i)
b
{04
P
iy
= ot
ox
lo
i

>

¢
>,

o

o

vl

it

)

sk

Lok

o, for 1o flo o ogh
ol

it
o
»oﬂi-ﬁ?ﬁ

%2
=

2,
S~
=
-2

K 1o o

b

A
o2l

d 2wz 0 0 4 o 2
!

S do N D
ol
2
ox £
e
(i
b 2
Ul [
Mo v oot
-
W3RN o
—W' S~ )

>
N
o
£

Fig. 12 w712 €%
GMY ¥ 7] (Cryomech* Gl
of FAAsA ., WEV B9 sigA YxE
e
=

Ray b
o
% ol
N
5
S
(S
Ui
4 H
o &
o
N

o M8

AR (FA: 5 mm, AE: 25 =
Pt ar 2 Aol WE71S] &8 2HEY ¢
2 51 H (MincoAl 29 HK5562)E o ZA] 2

o H ¥
Oft

dr 30 2 10 Sy ok gt
Jc;l;m
—n—‘J}mE EH-‘

b o

2R
D

. 2% 77 K9 ZakAA Fejl 65 K 101 kPa
w=eate WARHEE el g 8v1E
BE71E 7HEste o 1341 P =rt A

Fi

i)

1y

e o
U
E

]



66 BIEME M2SEI=EX, 8H, 1%, 20064 3¥

Temperature Reliel Valve
Controler Cryocooler A
DD < D
Y i ‘
. | “ooling:
Data Acquisition | Plat
| . u.
: Test =4
Power o| Modules |3 ™
Supply © 2
ogafl LN, ]
GHe
Compressor N
. N,
Unit GN,
oo 0O LN, ||GHe
Cryostat

Fig. 1. Schematic overview of experimental
apparatus.
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Fig. 4. An example of measured voltage across the
heater. (Vims = 90 V and f= 60 Hz)
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at different orientations for 100 W/cm?.
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