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Study on Heat Transfer and Fluid Flow in the Stand Pipe Rupture Accident

- Buoyancy Driven Exchange Flow Behavior through the Broken Stand Pipe =~

Motoo FUMIZAWA and Makoto HISHIDA
Department of High Temperature Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 19, 1991)

This paper deals with an experimental investigation of the buoyancy
driven exchange flow which takes place through a narrow cylindrical
channel, during the stand pipe rupture accident in a high temperature
gas-cooled reactor (HIGR). The velocity distribution through the cylin-
drical channel is measured by a laser doppler velocimeter, in order to
evaluate the air ingress flow rate. The experiments are performed under
atmospheric pressure with nitrogen as a working fluid. Rayleigh number
ranges from 1.3x107 to 7.0x107. The following conclusions were obtained:
(1) The laser doppler velocimeter was found a good method for the

measurement of the velocity of the exchange flow.

(2) When the temperature of the hemisphere and the bottom heated plate,
which simulate the top cover of the reactor, was kept uniform, the
volumetric exchange flow rate agreed well with Epstein's result.

(3) The exchange flow through a narrow cylindrical channel fluctuated

irregularly with time and space.

Keywords: Heat Transfer, Stand Pipe Rupture Accident, Buoyancy Driven

Exchange Flow, HTGR, Laser Doppler Velocimeter, Fluctuation
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Run No.
CHO1
CHO2
CHO3
CHO4
CHOS
CHOG
CHO7
CHO8
CHOS
CH10

Table 2 Experimental condition and Froude number for T. = T.

Run No.
CLO1
ClL02
CL0O3
CLO4
CLOB
CLO6
CLO7
CLO8
CL09
CL10
CLi1
CL12
CL13
CL14
CL15
CL16
CL17
CL18
CL19
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Tahle | Experimental condition and Froude number for Te = Tu

H./R:
16
i6
16
16
16
16
16
16
16
16

T, as representative fluid temperature in hemisphere

Hi/Rs
18
16
16
16
16
16
16
16
16
16
16
18
16
16
16
16
186
16
16

Tu(* C)
45
1535
55
64
td
79
81
85
85
85

Tu(" C)
50
50
50
74
74
84
84
90
90

212
212
237
237
384
384
384
384
589
589

Te(" C)
Th
Th
T
TH
Th
Th
Th
Th
Tu
Th

To(" C}
To
T
Tw
To
To
To
To
TL
To
To
To
Tr.
To
To
Tu
T
To
T
T

TL(* C) Direction

16
14
14
20
20
16
16
17
17
17

T_(*C) Direction

20
13
13
16
16
17
17
19
19
20
20
18
18
13
13
17
17
18
18

X

P P rg pd = P g B

X

e obd bd o pd o pd B B B4 g P D pd Dd ) pd

GO0 GO GO MY D D e

Ll e e B B e B s = B o T o R o T o/ B o T W o A -

Ra

.3x107
.9x107
.9x107
.0x107
.0x107
.9x107
.0x107
.0x107
.0x107
.0x1067

Ra*

.3x107
.0x107
.0x107
LTx107
.7x107
.0x107
.0x107
.0x10”°
.0x107
.9x107
.9x107
.8x107
.8x107°
.1x108
.1x10%®
.1x10%8
.1x10%
.4x10%
.4x10°%

W W o WO o ;e oy U

W b G0 L L0 Lo B BB W W W W e W

R&1

.9x10°
.8x10°
.8x10%
.1x10%
.1x10“
.8x10*
L1x10%
.1x10%
.1x10°
.1x10°

using

Ra.™

.9x10%
.1x104
.1x10%
.2x10°
.2x10%
.1x107
.1x10°
.1x10%
.1x10%
.1x10°
.1x10°
.4x10°
.4x10°
.3x10°
.3x10°
.3x10°
.3x10°
.2x10°
. 2x10°

Fr
.124
.139
.120
.155
.159
132
.125
171
147
.142

QO O O o o O o oo

Fr*

.069
063
L0869
071
.047
.053
.049
.075
.089
.069
076
.087
.048
.062
.060
.086
.065
.083
.073

OO O O 00 OO0 oo OO OO0 O oo o0
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Table 8 Experimental condition and Froude number for T. = T. using

Tuc as representative fluid temperature in hemisphere

Run No. Hi/R:1 Tuc('C) Te("C) To( C) Direction Ra Ra, Fr
CLo1 16 35 T 20 X 6.5x10° 2.0x10°% 0.096
CLO2 16 31.5 T 13 Y 1.0x107 3.1x10% 0.088
CLO3 16 31.5 To 13 X 1.0x107 3.1x10* 0.096
CLO4 16 45 T 16 Y 1.4x107 4.1x10* 0.098
CLO5 16 45 To 16 X 1.4x107 4.1x10% 0.065
CL06 16 50.5 Tw 17 X 1.5x107 4.6x10¢ 0.073
CLO7 16 50.5 To 17 X 1.5x107 4.6x10% 0.067
CLO8 16 54.5 T . 19 X 1.5x107 4.6x10° 0.103
CL09 16 54.5 T 19 Y 1.5x107 4.6x10* 0.122
CL10 16 116 To 20 X 3.5x107 1.1x10% 0.091
CL11 16 116 T 20 Y 3.5x107 1.1x10° 0.101
cL12 ' 16 127.5 TL 18 X 3.9x107 1.2x10% 0.114
CL13 16 127.5 T 18 X 3.9x107 1.2x10% 0.063
CL14 16 198.5  To 13 X 5.5x107 1.7x10% 0.079
CL15 16 198.5 T 13 Y 5.5x107 1.7x10% 0.076
CL16 16 200.5 To 17 X 5.5x107 1.7x10° 0.109
CL17 16 200.5 To 17 X 5.5x107 1.7x10° 0.083
CL18 16 303.5 To 18 X 7.0x107 2.1x10° 0.102
CL19 16 303.5 T 18 X 7.0x107 2.1x10% 0.090
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fig.3 Top view of the apparatus
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Fig.4 Velocity measurement system by laser doppler velocimeter
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Fig.8 The fiuctuation of vertical velocity on the centerline

in the vented cyvlinder for Ra=3.0x107
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Fig.9 The fluctuation of vertical velocity adjacent to the wall
in the vented cylinder for Ra=3.0xI107
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The svmbols for upward and downward velocities are O oand A

respectively.
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Fig. 1l Exchange flow velocity profiles in Y-direction for Ra=3.0x10".
The symhols for upward and downward velocities are O and A

respectively.
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Fig.14 The fluctuation of vertical velocity on the centerline

in the vented cylinder for Ra*=3.0x107
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Fig.15 The fluctuation of vertical velocity adjacent to the wall
in the vented cviinder for Ra*=3.0x107
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Fig.16 The fluctuation of vertical velocity on the centerline

in the vented cvlinder for Ra*=7.8x107
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Fig.17 The fluctuation of vertical velocity on the centerline
in the vented cylinder for Ra*=1.1x10°
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Fig.18 The fluctuation of vertical velocity on the centerline.

in the vented cylinder for Ra*=I[.4x10?
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Fig.19 Exchange flow velocity profiles in X-direction for Ra*=3.0x107
The symbols for upward and downward velocities are O and A

respectively.
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Fig.20 Exchange flow velocity profiles in X-direction for Ra*=7.8x107
The symbols for upward and downward velocities are OO and A

respectively.
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Fig.21 Exchange flow velocity profiles in X-direction for Ra*=1.1x10°

The symbols for upward and downward velocities are O and A

respectively.
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Fig.22 Exchange flow velocity profiles in X-direction for Ra*=1. 4x10°
- The symbols for upward and downward velocities are O and A
respectively.
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Fig.23 Relation between Froude number and Rayleigh number for

an opening radius at H:/R,=16
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Fig.24 Dimensionless centerline fluid temperature

profiles in hemisphere at R,/R=0.14
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Fig. 25 Relation between Froude number and Rayleigh number for

" an opening radius at H,/R:=16
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Photo.1 Experimental apparatus

Photo.2 Overall view of the apparafus
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Photo.3 Controlling board of the apparatus

Photo.4 Detector system of the apparatus
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Prhoto.5 Tvpical upward flow visualization at Ra*=3.0x10"
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Photo.6 Tvpical downward flow visualization at Ra*=3.0x10°7




