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Investigation of the Interaction between Heat Transport Systems
during the Natural Circulation Decay Heat Removal in FBR

- Transient Thermohydraulics in Core and
Primary and Secondary Heat Transport Systems -

K. Momoi,* K. Hayashi,* M. Nihimura, * and H. Kamide™*
ABSTRACT

The complicated thermal hydraulics which was not observed in forced circulation occurs
in the core during natural circulation decay heat removal in Fast Breeder Reactors (FBRs).
Especially, in a FBR which has the auxiliary cooling system of DRACS (Direct Reactor
Auxiliary Cooling System) type with direct heat exchangers (DHXs) immersed in the
reactor plenum, cold sodium provided by the DHXs penetrates into inter-wrapper gaps in
the core. This phenomena called Inter-wrapper Flow (IWF) will influence the thermal
hydraulics in the core. Further, thermal-interaction between the cooling systems makes

the natural circulation flow rate in the primary loop change and will influence the thermal
hydraulics in the core. '

The purpose of this study is to grasp the interaction between the cooling systems and its
influence on the thermal hydraulics in the core during natural circulation decay heat
removal in FBRs. Transient Sodium experiments which simulated transitions from
forced to natural circulation in reactors were performed under several kinds of operating
conditions of the IHX secondary system and of the auxiliary cooling system using

PLANDTL-DHX test facility with DRACS and PRACS (Primary Reactor Auxiliary
Cooling System).

In the DRACS, the heat removed by natural circulation in the IHX secondary system
influenced the natural circulation flow rate in the primary loop more than the operation
conditions of DRACS. When natural circulation in the IHX secondary loop was stopped,
the IHX outlet temperature rapidly increased and the natural circulation flow rate in the
primary loop decreased. In addition, reverse flows were detected in the outer
subassemblies. The temperature rise in the heated length of the center subassembly was
reduced by the cooling effect of the inter-subassembly heat transfer to the reverse flow
subassemblies and IWF. When the natural circulation in the IHX secondary loop was
continued, the natural circulation flow rate of 1% level of rated condition of a reactor was
ensured in the primary loop. This time, phenomena such as IWF and reverse flow
remarkably did not appear , and the core was cooled by the natural circulation flow rate in
the primary loop. That is to say, when the DRACS was operated, the core was cooled by
the effects of the furnace natural convections such as IWF and reverse flow, even if the
natural circulation flow rate in the primary loop decreased

In the PRACS, the operating conditions of PRACS greatly influence the natural
circulation flow rate in the primary loop. And also, the effect of the IHX secondary
system for the natural circulation flow rate in the primary loop is smaller than in the
DRACS. In the PRACS, the core was cooled by only the heat transport of the natural

circulation flow rate in the primary loop, and the cooling effects of the inter-subassembly
heat transfer and IWF were not observed.

* Reactor Engineering Section, Safety Engineering Division, O-arai Engineering
Center, PNC
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Table 2.1 Main specifications of PLANDTL-DHX Loop

Primary loop
Core
Maximun power
Subassembly number
Upper plenum
Diameter
Sodium level from bottm
UIS diameter
Auxiliary heater power
Main pipe diamcter
[HX
Type

Capacity
Maximum flow rate

Sccondary loop
Main air cooler capacity
Maximum flow rate

Auxiliary cooling system

DRACS

Type

Capacity
PRACS

Type

Capacity
Maximum flow rate
Air cooler capacity

2.0m
2.6m
0.412 m
0.68 MW
4 1in.

Primary side: Inside tube
Secondary side: With baffle plate
[.5 MW

1200 £ /min

1.5 MW
700 £ /min

Cotl tube type
0.15 MW

Coii tube type
0.15 MW

100 £ /min
0.3 MW




Table 3.1

Conditions of the Natural Circulation Transient Experiments

Initial State Conditions

Experimental Parameters (conditions after scram)

Case Name

Powe

r (kW)

Flow

Auxiliary Cooling loop

Secondary Loop

AN Core Inlet _
(Run No.) Toul | © o ITI Outer? rate Tcoxi:p.r(\“g) Ta: Operation Start Time?! Natural Circulation™
o enter| Quter | WEL2 4 (Vmin) ' Na flow rate / A/C Air velocity Tsv: Vaive Close Timed
DRACS Transient Tests
- DRACS operation 5 R ;
D%ﬁsl (%EF 1009.2] 145.0 | 433.0| 431.2| 335.7 | 301.4 Ta: 60sec To -mé’sﬁsz‘éfg SCRAM
Na: 90lmin / Air =7m/s Sv. eavusec
DRACS-I To 2400sec from SCRAM
3 1)
24120y | 10117] 1447 43421 4329 333.8 | 301.0 OFF} Tev: 240056
DRACS operation , R
DRACS-2 SCRAN
ratiyy |1009.9) 1447 | 4318 | 433.4| 3451 | 3017 Ta: 1800 sec To 2400sec from STRAM
Na: 90V/min / Air =7m/s SV £AVVS
Q.3 DRACS operation
DRACS-
(24“4)3 1010.1] 144.5 | 433.0 | 432.6 331.9 300.9 Ta: 60sec Continuous runnig
Na: 90V/min / Air = 7m/s
PRACS Transient Tests
) PRACS operation .
PRSSS;EF 1006.8] 144.0 | 431.9| 430.9| 336.5 | 301.4 Ta: 60sec To 240195‘?,‘:&‘8'5’ SSRAM
Na: 90Vmin / Air =7nv/s Sv. Lavsec
PRACS operation
PRACS- .
(221 ]8)1 1006.4| 144.4 | 431.2| 430.8| 336.9 | 301.6 Ta: 1800sec Tto 24?1,05?"7%’8‘ SCRAM
Na: 90Vmin/ Air =7m/s Sv: 2ayusec
) PRACS cperation
P( %‘iﬁ%‘ 1007.8| 144.4 | 432.0 | 431.5| 338.0 | 301.2 Ta: 1800sec To lﬁzé)séflfg‘;ngCRAM
| Na: 90Vmin / Air = 7rv/s SV- sec
PRACS operation
’ - LW
P (‘;ﬁﬁss):’ 1009.0] 144.0 | 434.8 | 430.2| 333.4 | 302.5 Ta: 60sec OFFTf“’ﬁgCRAM
Na: 90Vmin / Air = 7mvs Sv- a8sec

1) OFF ; DRACS loop valve : full close, A/C damper valve : full close /" 2) Ta ; Operation start time froon SCRAM (Compulsory drive}
3) N.C. ; Secondary loop valve: 17% open, A/C damper valve: full open , Natural-ventilation ./ " 4) Tsv ; Valve close time from SCRAM

INd

,.
3

03¢ 96 OTVON



Stack Reactor Auxiliary Cooling System

e ' PRACS Coil
b X _ ' Dipped Cooler
==/ \ (DRACS) _
UIS 1 AL J : ‘\
O "
Air Cooler
| N IHX o
Upper Plenum il il Main Air Cooler
L || -Outer Subassemblyi\i >
L Subassembi J"j >
|}~ Center Subas y Secondary Loop
1 1] - Outer Subassembly ‘
111 Inter-wrapper Gap M Elect tic Pum
T A Electromagnetic Pump
S B —
T—E M Electromagnetic Flow Meter
Primary Loop =< X
=< ]

—— Lower Plenum

Fig. 2.1 Flow diagram of PLANDTL-DHX
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Fig. 2.3 Schematic of upper plenum
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(a) Auxiliary Cooling Loop Opcration Conditions

90 I/min

* Ta : DRACS/PRACS start time Flow rate
100%
Blower

Auxiliary cooling loop valve

100% open
10 I/min
0% A/C damper open start
0 T,  T,+20 T +50 T +70

Time (sec)

(b) Secondary Loop Operation Conditions

400 V/min
Flow rate
* TSV : Secondary loop valve close time
100%
Blower

valve close
17% open

Secondary valve
A/C damper: open

pump off
0% A/C damper: close
y 0%
l | |1 l
0 15 40 48 Tsv

Time (sec)

Fig. 3.1 Operation Conditions of Secondary Loop and Auxiliary Cooling Loop
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Fig. 3.2 Trends of Flows of Auxiliary Cooling Loop and Secondary Loop

(DRACS Transient Tests)
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Fig. 3.3 Trends of Flows of Auxiliary Cooling Loop and Secondary Loop
(PRACS System Transient Tests)
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Fig.4.1-2 Variations of Vertical Temperature Distributions in Upper Plenum
with Time (Case: DRACS-REF)
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