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Investigation of Interaction between Heat Transport Systems
during the Natural Circulation Decay Heat Removal in FBRs
— Influence of Decay Heat Removal System Type and the Secondary Heat Transport System—

K. Hayashi,* K. Momoi,*
M. Nishimura,” and H. Kamide*

ABSTRACT

Steady state sodium experiments were performed to investigate interactions between the heat
transport systems, i.c., the primary system, the secondary system, and the decay heat removal
system, during the natural circulation decay heat removal in FBRs. The PLANDTL-DHX test rig
was used for the experiments. The core model has seven subassemblies; the center assembly
simulates pin bundle geometry of a core fuel subassembly in a large scale FBR and consists of 37
pins, six outer subassemblies consists of 7 pins.  As the decay heat removal system, Direct
Reactor Auxiliary Cooling System (DRACS) and Primary Reactor Auxiliary Cooling System
(PRACS) can be selected. Experiments were carried out under natural circulation conditions in
the primary loop and force convection conditions in the decay heat removal system.

In cases using DRACS, natural circulation flow rate in the primary loop was smaller by 20%
than that in cases using PRACS due to the low temperature in the upper plenum and also in the
upper non-heated section of the core. * When natural circulation was allowed in the secondary heat
transport system, the natural circulation flow rate in the primary system increased in spite of the
operation of DRACS. In cases using DRACS, inter-subassembly flow redistribution occurred;
the center subassembly had larger flow rate than those in outer subassemblies due to the low
natural circulation head in the outer subassemblies which were cooled by the inter-wrapper flow
(IWF). The highest temperature in the core was reduced by IWF via not only the direct cooling
effect but also the inter-subassembly flow redistribution.

Temperature fluctuations around the PRACS cooling coil installed in the IHX were registered
under the natural circulation conditions in the primary system. The amplitude of fluctuation was
less than 209C and small on the points of structural integrity.

* Reactor Engineering Section, Safety Engineering Division, O-arai Engineering Center
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Table 2.1 Physical Quantity Measurement Error

Physpal Error Factor
Quantity

Temperature | Thermo-couple Error (Catalog Value) =+ « « - « + - 0.4%
Zero Compensator Error (Catalog Value) - + « - - - 01%
Amplifier Error (Catalog Value) =« + + « - « « « . . 0.05%
Calibration Error (Relative Error of Standard Thermocouple) |
....... 0.3 0/0
Flow Rate Signal Transducer Error (Catalog Value) -+ + + + - - 0.1%
Amplifier Error (Catalog Value) - + - - - - - - . . 0.05%
Calibration Error (Large Range:50~300 I/min) - - - 2.0%
v (Small Range: 5~35 I/min) - - + - 47%
Heater Pin Voltage Transducer Error (Catalog Value) - - - - 0.1 %
Power | Amperage Transducer Error (Catalog Value) - - - - 0.1 %
Wattage Transducer Error (Catalog Value) + + « -« - 0.1%
Amplifier Error (Catalog Value) - + « - = - « « . . 0.05 %
Total Error .................... 0.18 %
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Table 3.1 Conditions of the Natural Circulation Steady State Experiments
c Conditions of Cooling Systems
Run No. Heaater Pin Power (kW) = ore
un o R;‘Z Inlet DRACS PRACS Secondary Loop
.. | Temp.
(Data No.) {/min .
Total | Genter | Outert | outer2| Y™ | (C) | oFF” ON? OFF ON orf | Natural
Circulation
REF O
(24072) 170.5| 24.4 73.5 72.6 | 48.8 | 295.8 O O (61.4 I/min)
DN ' Na: 89.9 ¥/min ,
(24076) 170.3| 24.4 73.4 725 | 45.3 | 3011 Air 11.5m/s O O
DHT Na: 90.3 /min
(24086) 143.0| 24.4 | 59.7 | 58.9 | 42.7 | 298.2 Ar 8.4mis O O
DI | 1701| 244 | 733 | 724 | 459 | 2040 | — |N&:9030min — — ©
(24083) ) ) ) ) ) ) Air: 2.6 m/s (44.3 I/min)
PN Na: 89.7 I/min .
(24074) 170.3| 24.5 73.3 72.5 | 54.3 | 298.7 O Air: 5.4m/s O
PHT Na: 90.2 /min .
(24088) 143.0| 24.4 59.8 58.8 | 52.7 | 297.9 O Air: — m/s® O

1) OFF ; DRACS loop valve :full close, A/C damper valve :full close

; Forcede Convection
3) N.C. ; Secondary loop valve : full open, A/C damper valve : full open, Natural-ventilation

4) Air Velocity Meter was Failure

2) ON
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Table 4.1 Flow Conditions in Subassemblies

Primary Loop Total Center S/A Outer S/A 1 QOuter S/A 2
Run No.
(Data No.) Flow Rate(l/min)
Flow Ratio(%)
REE 48.6 7.0 20.8 20.8
(24072) 1.70 1.72 1.70 1.70
DN 452 7.1 19.0 19.1
| (24076) 1.58 1.73 1.55 1.56
T DHT 42.7 6.4 18.0 18.3
(24086) 1.49 1.57 1.47 1.49
DI 46.1 6.9 19.4 19.7
(24083) 1.61 1.69 1.59 1.61
PN 54.3 7.9 23.2 23.2
(24074) 1.90 1.94 1.89 1.89
PHT 52.6 7.4 22.6 227
(24088) 1.84 1.80 1.85 1.85
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Table 5.1 Buoyancy Head of Around Primary Loop

Run No.

REF

DN

Dl

PN

Buoyancy Head(Pa)

622

553

573

690
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Table A.1(1) Heat Removal Ratio of Heat Exchange System

GP0-L6 OTVENL ONd

DHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
Run No. Secondary ({min) (C) (C) (kg/m3) (kcal/kg™C) (kW) (%)
‘ ' 0.00 332.52 397.08 864.61 0.30735 0.00 0.00

Case REF IHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(24072) Primary {/min) {C) (C) (kg/m3) (kcal/kg'C) (kW) (%)
48.83 453.25 298.65 861.96 0.30671 139.23 81.79

Heater Power IHX Flow Rate | Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(kW) Secondary (//min) (C) (C) {kg/m3) (kcal/kgC) (kW) (%)
170.23 61.36 292.46 428.84 865.60 0.30759 155.44 91.31

- DHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
Run No. Secondary (Vmin) () (C) (kg/m3) (kcal/kgC) (kW) (%)
' 89.60 182.98 269.20 897.47 0.31753 153.59 90.23

Case DM IHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(24076 Primary (/min) (C) (C) (kg/m3) (kcallkgC) (kW) (%)
45.32 308.37 306.21 878.28 0.31105 1.87 1.10

Heater Power | [HX Flow Rate inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(kW) Secondary (I/min) (C) ('C) (kg/m3) (kcal/kgC) (kW) (%)

170.22 -0.41 291.76 299.72 881.02 0.31189 -0.06 | -0.04




_09_

Table A.1(2) Heat Rémoval Ratio of Heat Exchange System

DHX Flow Rate inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
Run No. Secondary (/min) (C) (C) (kg/m3) (kcallkg™C) (kW) (%)
' 89.99 197.51 269.86 895.68 0.31686 128.91 90.12
Case DHT IHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(24086) Primary (/min) (C) (C) (kg/m3) {kcal/kgC) (kW) (%)
42.70 305.19 303.88 878.94 0.31125 1.07 0.75
Heater Power IHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. | Heat Exchange
(kW) Secondary (I/min) (C) (C) (kg/m3) (kcal’kgC) (kW) (%)
143.05 0.23 296.51 300.46 880.37 0.31169 - 0.02 0.01
DHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
Run No. Secondary (/min) (C) (C) (kg/m3) (kcal/kgC) (kW) (%)
90.12 266.10 325.73 880.98 0.31187 103.01 - 60.56
Case DI IHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(24083) Primary (I/min) (C) (C) (kg/m3) (kcal/kgC) (kW) (%)
' 45.89 355.93 295.79 873.88 0.30978 52.12 30.64
Heater Power IHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(kW) Secondary (I/min) ('C) (C) (kg/m3) (kcal/kg'™C) (kW) (%)
170.10 44.35 288.59 351.98 875.20 0.31015 53.24 31.30

SP0-L6 OTPGNL ONd
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Table A.1(3) Heat Removal Ratio of Heat Exchange System

DHX Flow Rate inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
Run No. Secondary (/min) ('C) (C) (kg/m3) (kcal/kgC) (kW) (%)
90.65 257.30 342.87 879.99 0.31157 148.37 87.17
Case PN IHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(24074) Primary (/min) (C) ('C) (kg/m3) (kcal/kgC) (kW) (%)
54.28 444.05 305.17 862.28 0.30679 136.12 81.74
Heater Power IHX Flow Rate Inlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(kW) Secondary (/min) (C) (C) (kg/m3) (kcal/kgC) (kW) (So
170.21 0.47 291.56 299.78 881.04 0.31189 0.07 0.04
DHX Flow Rate Inlet Temp. | Outlet Temp. ; Na Density Heat Cap. Heat Exchange
Run No. Secondary (/min) (C) (C) (kg/m3) (kcal/kgC) (kW) (%)
89.90 261.40 332.37 880.75 0.31180 122.24 85.49
Case PHT IHX Flow Rate Inlet Temp. | Outlet Temp. | Nz Density Heat Cap. Heat Exchange
(24088) Primary (/min) (C) (C) (kg/m3) (kcal/kgC) - (kW) (%)
52.71 422.74 302.33 865.15 0.30748 117.79 82.37
Heater Power IHX Flow Rate Iinlet Temp. | Outlet Temp. | Na Density Heat Cap. Heat Exchange
(kW) Secondary (I/min) ('C) ('C) (kg/m3) (kcal/kgC) (kW) (%)
142.99 0.28 297.99 307.94 879.31 0.31136 0.05 0.04
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