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Basic Test on Sodium Fire Protection Systems (4)

— Water Simulation Test of a Leak from IHTS Pipe —

Y. Himeno®*, M. Usami*, T. Kinoshita#*#, T. Yamada%*
Abstract

In the safety evaluation of the Monju design basis sodium leak
accident, a large leak from an IHTS pipe whose leak hole is equivalent
to ;+Dt (where, D is the pipe diameter and t is the pipe wall thickness)
is postulated. To investigate the possible occurrence of a spray
fire in the event of a sodium leak, a water simulation test has been
conducted. Three test éections (straight, elbow,.and T pipes) of the
full-mockup Monju ITHS pipes with thermal insulation jackets (the
jackets consisted of an inner and an outer jackets) were manufactured
for this purpose. The test was divided into two parts. One was with
the test sections equipped with their inner jacket only and the other
with the test sections equipped with both iﬁngr and outer jackets.
Subjects investigated in the test were (a) leakage flow pattern, (b)
fraction of spray flow among a total leak flow, (c) droplet diameters
of a spray flow, and (d) pressure drop coefficient across a leak hole
and the thermal insulation jackets. From the test results, the follow-
ing conclusions were drawn.

(1) Test sections with the inner jackets only
More than 50% of a leak flow is in the form of a spray.
Number mean diameter of the sPréy droplets determined is
several millimeters.
(2) Test sections equipped with both inner and outer jackets

A spray formation is almost perfectly suppressed. Since an

*# Plant Safety Section, SED, OEC.

%% Present; Kawasaki Heavy Industries.



PNC-TN9410 86-088

(3)

integrity of the thermal insulation jackets during a leak has
already been confirmed, the results indicates that a spray fire
does not occur in the event of an real sodium leak.
Pressure drop coefficient across a leak hole and thermal insulation
jackets

Pressure drop coefficient determined is 2.3-2.8. While, the
pressure drop coefficient used in the safety evaluation of the
Monju sodium leak acecident is 1.0. Comparison of these two numbers
indicates that the safety margin of the Monju safety evaluation in
regard to a sodium leak flow is about 50%. It is also Confirmed
that the most part of the pressure drop is generated at a leak hole
and the inner jacket, but not at the outer jacket. Therefore, the

dynamic pressure that pressurizes the outer jacket is very samll.
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3100 \}\Electrig Heater

(a) Straight Pipe (Side View)
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Outer 2 :
Jacket , 1.
4 ' ' ,if <= Water
Heater
} 2340
(b) Elbow Pipe (Top View)
Outer Jacket  Inner Jacket
1500
. Pipe
-] — ;{
o~ I
-1y —i<> Water
S Fa—
Electric Heater
(c} T-Joint Pipe (Top View) unit : mm

Fig.3 Test Pipes
(PSS-SFE-194)
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START

Install a test pipe

into water loop.
{

Set pressure of

feed water

¥
Open valve at the inlet

of test pipe

Q

Control valve

and set water flow rate

|

Measure fraction of

spray leak from test pipe

i
Collect spray droplets

= lake photos of
into paraffin bath .
droplets on paraffin bath
¥
Determine
droplet sizes
and distribution
No ~
END

Fig.4 Test Procedure

(PSS-SFE-19b)
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inner jacket

ﬂ_/Test house

(a) With Inner and Outer Jackets

=
ra Z -
"

&
inner jacket

Water catch board

-4

=

(b) With only Inner Jacket

és/Test house

unit : mm

Fig. 5 Method to Determine Spray Fraction

(PSS-SFE-196)
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Straight Pipe

3.0 _ X -

_ Elbow Pipe

\OB Full Scale |
2 MONJU Proto-type

o

Sodium Pipe
(Water Test)

T-Joint Pipe

N
o1 .
1

Key :
X : see Table.A-1 _|

Pressure Drop Coefficient, &(—)
- N

o1 o

] |

f

MONJU Safety Design Value

: O

']O i 3 18l 1 L E fagaan
10° 10° 107
Reynolds Number defined at Leak Hole

Fig.8 Pressure Drop Coefficient Across Leak Hole
and Insulation Jackets

(PSS-SFE-192)



Table. 1 Test Conditions

Test No. Test Pipe Insulation Cover *1 V\{fc;cg;htl\olg /2:3 (Egr';(s:f#z"g)
1—1 70 (19.4) 2.0
-2 Straight Pipe | Inner Jacket 90 (25.0) 4.0
1-3 105 (29.2) 5.5
1—4 108 {30.0) 5.7
2—1 70 (19.4) 2.0
2--2 Elbow Pipe Inner Jacket 90 (25.0) 3.8
2—-3 105 (29.2) 5.3
3—-1 70 (19.4) 20
3-2 T-Joint Pipe tnner Jacket 90 (25.0) 3.5
3—3 105 (29.2) 5.0
4—1 72 {20.0} - 2.4
::2 Straight Pipe | Inner and Quter Jackets 122 :zgg; 22
4—4 108 (30.0) 5.8
5—-1 70 {(19.4} 2.2
5—-2 Elbow Pipe Inner and Outer Jackets 90 (25.0) 3.7
5—3 - 103 {28.6) 5.2
6—1 70 (19.4) 2.0
6—2 T-Joint Pipe Inner and QOuter Jackets - 90 (25.0} 35
6—3 105 (29.2) 5.0

(%#1) No insulator was installed.

880-98 0T¥6NL-IONd
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Table. 2 Droplet Sizes Determinéd with Test
Pipes attached with Inner Jacket only

Test No. | Test Pipe | FlowRatelkg/s)| L{mm) D{mm) c
1500 4.383 3.152
: Straight ;
1—1 19.4 2000 2.658 1.601
Pipe
2500 2.479 2.162
15600 3.458 4.021
1-2 do. 25.0 2000 6.053 5.345
2500 2.607 1.663
2500 2.092 1.323
1-3 do. 29.2 3500 2.757 1.336
4500 2.681 1.461
Elbow 1000 2.759 2.145
2—1 19.4 :
Pipe . 1500 2 645 1.339
1000 4.279 4119
2-2 ~do. 25.0 1500 3.810 4.610
2000 2473 | 2.257
1500 2.867 2.217
2-3 do. - 29.2 2000 2.442 1.517
2500 2.495 1.486
T-Joint 1000 1.310 0.800
31 19.4
Pipe : 1500 1.324 0.853
1000 2.941 4.401
3—-2 do. 25.0
1500 1.390 0.876
1500 |. 3.196 2.746
' 3-3 do. 29.2
2000 1.663 1.241

L : Distance of droplets collection plate from test pipe
D : Number mean droplet diameter
¢ : Standard deviation of droplet distribution
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Table.3 Pressure Drop 'Cdéffi_'cient Across Leak
Hole and Insulation System of Test Pipe

. Insulation |Water Flow Rate Pressure Drop**|Pressure Drop"% Reynolds
Test No. | Test Pipe| cqyer Temp.{'C)| {t/H,(ka/sec)) | (kg/cm>G) |Coefficiet ¢ Number
1—1 70{19.4) 2.0 2.326 |6.59%10°
1-2 Straight 90{25.0) 4.0 2.815 [8.48x10°
1-3 Pipe 105(29.2) 5.b 2.843 [9.89x10°
1—4 27 108(30.0). 5.7 2.785 |1.02X%10°
With
2—1 70(19.4) 2.0 2.326 |6.59x10°
Elbow Inner :
2-—-2 90(25.0) 3.8 2.674 [8.48x10°
Pipe |Jacket
2-3 105(29.2) 5.3 2.740 [9.89x10°
31 70(19.4) 2.0 2.324 |7.09%x10°
T-Joint
3—2 30 90(25.0) 3.5 2.460 [9.11x10°
Pipe
3—3 106(29.2) 5.0 2.582 [1.06x10°
4—1 72(20.0) 2.4 2.639 [6.78x10°
4-2 Straight 90(25.0) 3.8 2.674 18.48x10°
4-3 Pipe 105(29.2) 5.5 2.843 |9.89x10°
4-—-4 27 108(30.0) 5.8 2.834 [1.02x10°
With Inner
5—1 70(19.4) 2.2 2.559 [6.59x10°
Elbow and Quter
h—2 90(25.0) 3.7 2.603 [8.48x10°
Pipe |Jackets
b-—-3 103(28.6) 5.2 2.794 (9.70X%X10°
6—1 70(19.4) 2.0 2.324 |7.09%X10°
T-Joint
6-2 30 20{25.0) 3.5 2.460 [9.11x10°
Pipe
6—3 105{29.2) 5.0 2.582 [1.06x10°

(%) AP=§-’§-—v2
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Appendix



Table.A-1 Pressure Drop Coefficient Across Leak Hole and

insulation System of Test Pipe (from the Preliminary Test of Ref)!"

5 . Flow Rate |Pressure Drop | Flow Velocity at Pressure Drop
Test No Test Pipe{lnsulation Cover) (kg/sec) (kg/cm?G) Leak Holem/s) Reynolds Number Cosfiicient ¢
. . With Inner and
1—1 Straight Pipe (qu Jackets ) 35.1 6.41 2344 1.02x10° 2.291
1-2 Straight Pipe (Wifh Inner JBCkBt) 34.6 6.57 23.11 1.01x 106 2.417
. . With lnner and)’
2 Straight Pipe (Outer Jaclat ) 34.6 6.58 23.11 1.15x 106 2.425
. With Inner and
3 Elbow Pipe (OLW Jackets ) 356.2 7.03 2356 1.09x 106 2.491
41 Elbow Pipe  (With imer ke 34.4 7.15 23.00 9.46x 105 2.655
4-2 | Elbow Pipe (g Tcten) 33.7 6.55 22.56 9.28%x105 2.529
’ With Inner and
5 T-Joint Pipe (gu" Jam_') 35.0 7.53 23.33 9.07x 105 2.716
o~ : With Innier and .
6 T-Joint Pipe (Omr Jeckets ) 33.9 7.93 22.@‘7 9.91x105 3.033
6—2 T-Joint Pipe (th Innier Jacket) 34.3 6.53 22.89 1.00x 108 2.449
: With Innter and Outer
7 Elbow Pipe (1 e o or | 33.9 6.68 22.67 1.01x 108 2.555
7—2 Eibow Pipe (Wmmmrka 34.1 6.61 22.78 9.956x 105 2503

Table.A-2 Pressure Drop Coefficient Across Leak Hole and

Insulation System of Sodium Pipe (Monju Safety Design Value)®?

Flow Rate |Pressure Drop {Flow Velocity at Pressure Drop ¢
(kg/s) (kg/cmG)  |Leak Hole{m/s} Reynolds Number Coefficient
Monju Proto-type Sodium Pipe 33.0 3.78 29.87 4.22x10° 1.0

880-98 0T76NL-INd
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Test No. 1—3
c
Q=29.2 kg/s
|
2500mm3500mm
Test * 4500mm
Pipe
b
(Top View)
a

- Height of Collection Plate(Paraffin bath)
ata, b, and C
150mm from the ground
- Collection Time

1 sec

Fig. A—1 Locations of Collection Plate,
Collected Droplets, and Their
Distributions

—Straight Pipe with Inner Jacket—

Droplet Size(mm) Number Fraction(%)
Q0 ~ 2 86 31.8
2 ~ 4 149 55.2
4 ~ 6 30 11.1
| 6 — 8 2 0.74
| 8 ~ 10 3 1.11
Droplet Sizeimm) Number Fraction{%)
1 ~ 2 53 25.7
2 ~ 4 131 63.6
4 —~ B 17 8.25
6 ~ 8 4 1.94
8 - 10 1 0.49
Droplet Size{mm) Number Fraction(%)
0 ~ 2 158 51.6
2 ~ 4 133 43.5
4 — 6 14 4.58
12 ~ 14 1 0.33
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Test No. 2—3

2500mm

Test Pipe

(Top View)

Q=29.2 kg/s

. Height of Collection Plate(Paraffin bath)
ata. b, and ¢
800mm from the ground
- Collection Time

1sec

Fig. A—2 Locations of Collection Plate,
Collected Droplets, and Their
Distributions
—Elbow Pipe with Inner Jacket—

Droplat_Si?e:mmh MNumber Fraction{%)
0 -~ 2 79 39.9
= T *.r 2 ~ 4 | 96 485
. . o 2 - 6 18 9.1
i 6 ~ 8 4 2.02
e e 8 — 10 1 0.51
e s ter @
SR . o @y
. et Lo e
- e = Gy ? — _
il e ] )
Yo - . » 00.%
X Sitien €l
e 2 : -'.". -9
e 2 ]
. [
“Droplet Size{mm) Number Fraction(%) |
0 ~ 2 150 40.7
2 — a 183 496
4 ~ 6 30 B.13
6 — 8 4 1.08
8 -~ 10 1 0.27
14 ~ 16 1 0.27
Droplet Size(mm) Number Fraction{%)
0 —~ 2 201 40.4
2 ~ 4 192 38.6
4 — 6 69 13.9
6 ~ 8 21 4.2
8 ~ 10 8 1.6
10 ~ 12 1 0.2
12 ~ 14 2 0.4
14 ~ 18 2 0.4
16 ~ 18 1 0.2
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Test No. 3—3
E .
(Top View) :
Test Pipe ==Q=29.2 T
kg/s )
a
1500mm
2000mm

- Height of Collection Plate(Paraffin bath)
ataand b
200mm from the ground
+ Collection Time

1 sec

Fig. A—3 Locations of Collection Plate, Collected Droplets,

and Their Distributions

—T-Joint Pipe with Inner Jacket—

Droplet Size{mm) Number Fraction(%)
0 ~ 2 195 3756
2 ~ 4 203 39.0
4 ~ 6 63 121
6 ~ 8 29 5.6
8 ~ 10 16 31
10 ~ 12 7 1.35
12 ~ 14 2 0.38
16 ~ 18 1 0.19
18 ~ 20 4 0.77
Droplet Size(mm) Number Fraction{%)
0 ~ 2 98 74.8
2 ~ 4 27 20.6
4 ~ 6 3 23
| 6 ~ 8 3 23




