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A Study on Cooling Air Flow around Stand-pipes for

the High Temperature Engineering Test Reactor
Takeshi TAKEDA, Kazuhiko KUNITOMI and Keisuke TSHIHARA™

Department of HTITR Project
Qarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received October 1, 1993)

Control Rod Drive Mechanism (CRDM) is contained in control rod
stand-pipes for the High Temperature Engineering Test Reactor (HTTR).

The GRDM, which consists of clutch and motor mechanism, is exposed to
helium gas. If the temperature of helium gas around the CRDM exceeds
60 °C, the CRDM would malfunction because of the low heat resistance of
the electrical insulator.

In experiments with an one-half scale model of all stand-pipes, the
air flow around the stand-pipes was visualized by the surface tuft method
and optimized condition for air flow inlet and outlet was chosen from a
viewpoint of cooling performance for the CRDM. Experimental results show
that a set of five air inlet and outlet at thirty degree intervals on &
pair of ring-ducts surrounding the stand-pipes is selected as optimized
condition. |

In addition, the temperature distribution of helium gas around the
CRDM was analyzed by two computational fluid dynamic codes '"STREAM' and
"SOPHEAT' under this condition. Analytical results show that the tempera-
ture of helium gas around the CRDM in any control rod stand-pipe is below

the limit of 60 °C.

Keywords: Air Flow, Stand-pipe, Control Rod, HTTR, Surface Tuft Method,
TSTREAM', 'SSPHEAT', Fluid Dynamic
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Table 1 FEach diameter of stand-pipe and its penetrating

hole in support plate

Diameter of | Diameter of stand-
Stand-pipe stand-pipe pipe penefrating
{mm) hole  (mmj)
N-1 ~ N-7 525 525
N-8 ~ N-16 460 460
N-17 ~ N-19 5127 640
N-20 ~ N-22 3197 614
N-23, N-25 216 216
N-24, N~26 216" 271
N-27 -~ N-29 267 267
N-30, N-31 140 140

*1 Diameter of stand—pipe fixing device

Table 2 FExperimental procedure

Air is circulated by a blower, and the flow rate 0of 27.5 m’/min is adjusted by a manual
flow control valve. Circulated air flow is measured by an airflow meter.

Each flow rate of inlet nozzles on the ring—ducts is adjusted uniformly. The flow arca
of the nozzle is also regulated in order to keep air flow around stand-pipes located
at the center of the room.

Lighting used for videotaping is regulated and then experimental apparatus is blacked
out.

The air flow is visualized by sketching and videotaping of tufts attached to the stand-
pipes.

The flow velocity in the experimental apparatus is measured by using a hot—wire
anemometer. ‘The flow velocity is measured at five second intervals up to five

minutes.

Table 3 Experimental case

Flow Inlet Flow Outlet
CASE Reference
Number | Interval | Number | Interval
1 3 60° 3 650° Fig.7
5 30° 5 30° Fig.8
5 30° 5 30° Fig.9
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Table 4 Experimental result of air at its flow inlet (CASE 1}

Flow Inlet
A C E
Flow Area (cm2) | 38.5 | 55.0 | 38.5
Flow Velocity(m/s) | 45.1 26.3 £1.0

Flow Rate (m¥/min) | 10.4 8.7 8.5
Flow Outlet

F | H J

Flow Area {cm?) | 132.0 [165.0 ! 148.5
Flow Velocity(m/s) | 12.4 10.6 9.3
Flow Rate (m®/min) 9.8 10.5 8.3

Table 5 Experimental result of air at its flow inlet (CASE 2)

Flow Inlet

, A B C D E

Flow Area (em2) | 27.5 22.0 27.5 44 .0 27.5
| Flow Velocity(m/s) | 36.8 44.7 32.5 21.7 35.8
Flow Rate (m®/min) 6.1 5.9 5.4 5.7 5.9
Flow Outlet
F G H I J

Flow Area (cw) | 110.0 {110.0 |110.0 | 132.0 | 132.0
Flow Velocity(m/s) 7.8 8.1 1.7 6.2 6.4
Flow Rate (m®/min) 4.6 4.9 5.1 4.9 5.1
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Table 6 Experimental result of air at its flow inlet (CASE 3)

Flow Inlet

A B C D E

Flow Area {em) | 49.5 | 85.0 55.0 44.0 55.0
Flow Velocity(m/s) | 18.3 18.6 | 18.4 | 21.7 17.9
Fiow Rate (m/min) | 5.7 6.1 6.1 5.7 5.9
Flow Outlet
F G H I J

Flow Area (cm2) | 110.0 1110.0 | 110.0 | 132.0 | 132.0
Flow Velocity(m/s) 7.5 9.4 7.8 6.3 6.4
Flow Rate (m®/min) 5.0 6.2 5.1 5.0 5.1

Table 7 Air flow velocity provided as boundary condition for

‘STREAM' code

Flow Inlet
A B C D E
Flow Area (em2) | 210.8 |214.4 |219.8 |120.5 |203.8
Flow Velocity(m/s) 8.4 8.9 8.6 | 14.7 8.4

Flow Rate (mé/min) | 10.7 | 11.4 11.3 10.6 10.9
Flow Outlet

F G H I J

Flow Atea (er?) | 418.2 |474.9 | 419.3 |579.5 | 522.8
Flow Velocity(m/s) | 4.1 4.5 4.3 3.0 3.4
Flow Rate (m/min) | 10.4 12.9 10.7 10.4 10.6

Table 8 Comparison of air flow velocity around stand-pipe N-1

at 1500pg level between experiment and analysis

Measuring Point a b c d
Experiment (m/s) 0.8 1.3| 0.8] 0.4
Analysis  (w/s) 0.6 0.5 0.4] 0.3
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Table 9 Correction factor of Cy for heat transfer coefficlent -

for staggered arrangement in Grimsons' equation

Number | 3 | 2 | 8 | 4 (5| 617819 10
Cu |0.68)0.75[0.8310.89|0.920.950.97|0.98(0.99| 1.0

Table 10 Air temperature around contrel rod stand-pipes at 1270mm
level of CRDM

Stand- | Horizontal [Temperature] Stand— | Horizontal [Temperature
pipe | direction | (°C) pipe |direction | (°C)
0° 34.4 0° 34.8
90 ° 32.6 90 ° 34.6
N-1 N-11
180 ° 32.2 180 ° 34.5
270 ° 33.4 270 ° 34.8
0° 33.6 0° 34.5
90 ° 34.8 80 ° 32.9
N-4 N-12
180 ° 34.8 180 ° 32.6
270 ° 34.0 270 ° 34.0
0° 33.8 0° 33.1
90 ° 33.8 : 80 © 34.2
N-5 N-15
180 ° 34.5 180 ° 34.8
270 ° 34.7 270 © 34.1
0° 34.7
90 ° 34.4
N-10
180 ° 33.3
270 ° 33.8
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Fig.16 Air flow stagnation region around stand-pipes (CASE 1)
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Fig.18 Air flow stagnation region around stand-pipes (CASE 3)
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Fig.29 Temperature distribution of air around stand-pipes at

1270mm level of CRDM in horizontal cross section
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