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Experimental Study on Inter-Wrapper Flow Phenomena during Natural Circulation
Decay Heat Removal in Fast Reactors

- Effects on Natural Circulation Flow Rate and Core Cooling -

K. Momoi*, K Hayasi*, H. Kamide*,

M. Nisimura*, N. Kokaki*

ABSTRACT

The evaluation of core ‘thermohydraulics under natural circulation conditions is of

- significance in order to utilize passive safety features of fast reactors. When the heat exchangers of
the decay heat removal system are operated in the upper plenum of a reactor vessel, cold sodium
provided by the heat exchangers can penetrate into the gap regions between fuel subassemblies; this
natural convection phenomenon is called inter-wrapper flow (IWF). During natural circulation
decay heat removal, IWF will significantly modify the flow and temperature distributions in the
subassemblies. IWF can decrease the temperature in the subassemblies. On the other hand, the
natural circulation head will be rediced by temperature reduction in the upper non-heated section of
subassemblies due to the IWF cooling. These positive and negative effects of IWF are our main
concerns in this report.

- Sodium experiments were carried out to investigate these phenomena. In a test section,
seven subassemblies are bundled and connected to an upper plenum with a heat exchanger. The
experiments were carried out under steady state conditions. Experimental parameters were power
in the core and flow resistance in the primary loop. Decrease of natural circulation flows in the
subassemblies were recognized. Inter-subassembly flow redistribution was also seen due to larger
cooling in outer 6 subassemblies and smaller cooling in the center subassembly. In the extremely
low flow conditions (large flow resistance in the primary loop), reverse flow was registered in 2 or 3
outer subassemblies. Cooling effect of IWF was also observed. It consisted of direct cooling
through the wrapper tube, flow redistribution among subassemblies (higher flow rate for hotter
subchannel), and cold reverse flow from the upper plenum, ‘

When the flow resistance was small in the primary loop, i.e., flow rate was larger than 1% of
reactor rated conditions (based on subassembly averaged flow velocity), the cooling effects and the
negative effect of IWF were not significant. When the flow rate was less than 1%, the cooling effect
of IWF increased and exceeded the flow reduction effects. TWF was effective on the core cooling
~ under extremely low flow conditions.

* 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 diameter
[HX
Type

Capacity
Maximum flow rate

Secondary loop

Main air cooler capacity
Maximum flow rate

Auxiliary cooling system
DRACS

Type

Capacity
PRACS

Type

Capacity
Maximum flow rate
Air cooler capacity

1.2 MW
7

20 m
2.6 m
0.412 m
0.68 MW
4 in.

Primary side: Inside tube

Secondary side: With baffle plate
1.5 MW |
1200 £ /min

1.5 MW
700 £ /min

Coil tube type
0.15 MW

Coil tube type
0.15 MW

100 £ /min
0.3 MW

- —29—




| Table 3.1  Parameters of IWF Experiments
Main Valve Power Ratio (%) *
Opening (%) |
(SV101M) 1% 1.5% 2% 2.5%
100% L VN @A [ J'\ L VN
0% @A @A @A @A
15% @A ®Ar 04 |
10% @A @A @A
5% A A

@ : Case of Heat Removal by PRACS / A : Case of Heat Removal by DRACS

* Percent Ratio to Full Condition in Large Reactor
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Table 3.2 Experiméntal Conditions of Cases Cooled by PRACS  (1/2)

Case Name Power (kW) Flow Rate (I/min) S/AOInlst(;g)alvc Core | U.P. | IHX RACS
(Run No.) B Inlet | Outlet | Outlet Flow | A/C
" Total | Center|Outerl|{Outer2| Total | Center| Outer1{ Outer2|Center | Outerl{Outer2| (T) ) (&) (Ymin) | (m/sec)
Main Valve 100% Open Cases
_1P1 V
T osorsy || 861|124 | 37.4| 362 | 392 | 54 | 17.0| 169 | 100 | 64 | 61 |299.9|3949 | 3063| 90.1 | 0.9
P‘l('ZS;)O‘IO(%SV 127.5( 183 | 552 | 54.1 | 482 | 7.3 | 20.4 | 20.5| 100 | 64 | 61 |300.5 | 4209 | 303.4| 89.9 | 2.6
P-(221>51()()197§V 170.1] 24.1 | 73.4 | 72.3 | 54.8| 8.4 | 23.0] 23.4| 100 | 64 | 61 |304.0]451.6]3063] 89.9| 6.0
P ooty [ 212:6] 305 | 91.8| 904 [ 595 9.1 | 250|254 | 100 | 64 | 61 |3i7.4[4503]3250| 902 | 6.4
Main Vélve 20% Open Cases
Caseas || 852|122 /368|361 | 319 45 [ 136| 138|100 | 64 | 61 |300.4 |417.8] 3082 89.0 | 09
P-1.5P208V 1 197.6| 183 | 55.1 | 542 | 38.1| 5.4 | 165] 162 100 | 64 | 61 |301.1|4540]|307.5] 90.1 | 22
(25026)
Péspcz)g%v 169.9| 24.4 | 73.3 | 723 | 42.8 | 6.3 | 182 18.4] 100 | 64 | 61 |300.6|485.7]306.0| 90.0| 4.2
P-éssggg)sv 212.6| 30.4 | 91.7| 90.5 | 463 | 6.7 [ 19.9] 19.7] 100 | 64 | 61 |3142 5319|3232 90.0| 5.6

ONd
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Table 3.2 Experimental Conditions of Cases Cooled by PRACS (2/2)

Case Name Power (kW) Flow Rate (Vmir) SAmetwalve | Core | UP. | THX |  RACS
(Run NO.) pe Inlet Outlet OUﬂCt Flow A/C
Total | Center|Outerl{Outer2| Total | Center| Outerl] Quter2|Center | Quterl| Quter2] (T) ©) ) (Umin) | (msec)
Main Valve 15% Open Cases
P(-zlggsszs)v 85.8 | 12.4 | 37.1| 362 | 31.2| 4.4 | 136] 132 100 | 61 | 60 [300.0]4289]307.6( 80.8| 07
p—éz?(;;i)sv 127.71 18.4 | 55.2{ 54.1 | 35.3 5.2 15.5] 14.6 | 100 61 60 300.8 470.31 307.8} 89.8 1.7
Cososey || 1700| 244 | 73.4 | 722 | 401 | 60 | 17.4| 168 | 100 | 61 | 60 |301.4|507.0] 3077 | 898 | 32
Main Valve 10% Open Cases
P-1P10SV 85.6| 124 | 370 36.2 | 21.5 2.7 8.9 9.9 100 61 60 | 298.2 475.3 307.4 89.7 0.7
(25040) , ,
P-(lzgglg)sv 127.7| 18.5 | 55.1 | 54.1 | 24.6 3.6 10.5] 10.5 100 | 61 60 | 298.4 1 530.6 307.71 89.8 1.9
P(-;Z;;;)f)v 170.01 245 | 732 | 72.2 | 27.1 4.1 11.7 1 11.4} 100 7 61 '607 300.0 | 583.2 | 306.7 | 89.7 3.0

N
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Table 3.3 Experimental Conditions of Cases Cooled by DRACS

(1/72)

Case Name Power (kW) Flow Rate (I/min) S/ Acf“‘:‘(;f)a“’e Core | U.P. | IHX RACS

(Run No.) : pe Inlet | Outlet | Outlet [T A/
uTotal Center|Outer1{Outer2| Total | Center|Outerl| Outer2|Center | Outerl{Outer2| (T) (T ) (Vmin) | (m/sec)

Main Valve 100% Open Cases

D'(lzgf)?%fv 85.0 | 12.2 1 3651 363 | 303 | 48 | 12.6] 129 100 | 64 | 61 |302.6]|311.4]| 308.8] 88.3| 3.3

D'I('zsslz)ll(ﬁsv 12771 183 | 55.3 | 542 | 33.8| 6.0 | 16.4] 164 100 | 64 | 61 |298.7]3059]303.4] 90.0| 5.3

D'é};:)?(:?v 16981 24.4 | 7291 725 | 4201 70 | 1731 176 | 100 | 64 | 61 |299.8]309.9! 306.9| 90.2 | 13.2

D'z(f;)]ggs 212.8| 30.4 | 91.91 90.6 | 473 | 7.7 | 196 200 100 | 64 | 61 | 3163|3283 3252 90.0 | 18.4

Main Valve 20% Open Cases

D(-g(.)’)_gls)v 8531 122 1369|361 |217] 36| 871 95| 100 64 | 61 |2095]{3189] 3148|902 1.5

D-1.5P20SV il o0 el 183 | 5521 542 | 202 5.0 | 11.8] 123] 100 | 64 | 61 |301.0]3140]311.3| 89.9| 45

(25022)

D(-ggggs)v 170.11 243 | 73.4 | 72.4 | 33.0| 5.8 | 139 143] 100 | 64 | 61 |301.6|3102]3086] 90.1 | 12:5

D-égggg)sv 2125 305 | 91.6 1 90.4 | 35.5| 6.3 | 14.6| 146 100 | 64 | 61 |311.7]3263]322.7] 902 | 17.6
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Table 3.3 Experimental Conditions of Cases Cooled by DRACS (2/2)

Case Name Power (kW) Flow Rate (/min) S/AOInl:t(;Z)aIVC Core | U.P. | 1IHX RACS
(Run No.) = Inlet | Outlet | Outlet [T
Total | Center|Outerl}Outer2| Total | Center|Quterl{ Outer2|Center |Outerl{Quter2] (C) ) ) (Vmin) | (m/sec) |
Main Valve 15% Open Cases
DT>V I 853 | 12.4 | 368|361 {203] 3.8 | 87| 7.8 | 100 | 61 | 60 |303.1]3136]3103] 899 1.2
(25046) ,
~D-(1é§g;§)sv 127.6| 18.5 | 55.0 | 542 | 24.5| 47 | 10.1] 9.7 | 100 | 61 | 60 |302.0|309.6]306.7] 89.8 | a2
D(-22§(;55§)V 170.2{ 24.5 | 73.5| 72.3 [ 28.2| 5.7 | 11.1] 11.4| 100 | 61 | 60 |302.7 | 310.6| 308.1] 89.8 | 11.0
Main Valve 10% Open Cases
D oY | 85.9 | 12.4 | 37.1 | 364 | 13.4| 2.4 | 51| 59 [ 100 | 61 | 60 |3000|312.1 | 3072| 89.6 | 2.6
(25034) | | ,
D-(lz.ggég)sv 128.2| 18.5 | 55.3 | 543 [ 15.4| 3.8 | 6.4 | 52 | 100 | 61 | 60 |300.6|312.6]307.7| 899 | 5.8
D(-;;:ggs)v 170.6| 24.7 | 73.5 | 72.5 | 17.4| 44 | 7.1 | 59 | 100 | 61 | 60 |300.7|312.8| 307.8| 89.7 | 10.7
Main Valve 5% Open Cases
Dosossy | 855|124 370|362 9.1 | 20 | 3.0 | 41| 100 | 61 | 60 |303.0 3107|3036 898 | 15
Dafol?ofv 127.6| 183 | 55.1| 54.1 [ 102| 28 | 47 | 2.7 | 100 | 61 | 60 |300.9 3139 306.8] 89.9| 3.9
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Table 4.3-1 Onset of Reverse Flow in Outer Subassemblies

(Heat Removal by DRACS)
| . Power Ratio (%)
Main Valve
Open (%) | ;
1% 1.5% 2% | 2.5%
100% O O - O O
20% O O O O
15% @ & e
10% o @ ®
5% ® @®

O : Normal Flow in All Outer Subassemblies
@ : Reverse Flow in Outer Subassembly A and F
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X /
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) § = |
3 IHX O

MM Main Air Cooler

X

Secondary Loop

~ [H Electromagnetic Flow Meter
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Fig. 2.1 Flow diagram of PLANDTL-DHX
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Fig. 2.2 Thermocouple Location in Test Section
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Fig. 1 Measurement Results of Pressure Loss in Primary Loop
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Fig. 2 Results of Flow Distribution Characteristic Tests

* Test Conditions

Valve open (%)

+ Center line valve (SVY103) : 100%

+ QOuter! line valve (SV103) : 60%
- QOuter? line valve (SV104) : 60%
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