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’I‘hermohydrauhc Analyses with the AQUA Code for Basic Desngn
of FBR Large-Scale Sodium Test Famhty (I)

~Analyses for Thermal Stratification ‘and Reactor Vessel Cooling' System~

Yoshihiro Doi®, Toshiharu Muramatu’®

| Abstract |

Study of thermal hydraulics for Demonstration Fast Breeder Reactors (DFBRs)
and Commercial FBRs has been planned to confirm the design and acceptability.

A one-third sector model of the reactor. vesqel was proposed for basic des1gn
concept of the test facility. - Numerical analyses using a multi-dimensional code AQUA
were conducted to evaluate the simularity of the model on thermal straﬂiﬁcotion
phenomena in the upper plenum during a reactor trip ‘e_vent through the comparison
of numerical analyses with a full sector model. In addition, thermohydraulic
numerical analyses for a reactor vessel cooling system were carried out to estimaté the
on-set conditions of natural convection in a vertical narrow annular gap in the system.
[Analyses for Thermal Stratification in the Full and One-third Sector Reactor Models)

(1) The comparison of the result of the one-third sector model with that of the full
sector model showed the differences in temperature and velocity distributions at the
period from the start of the i:ransieni; to forty seconds. There were no differences
 after forty seconds because the velocity at the core outlet decreased.
(2) After forty seconds , there ivvas no apparent effect of intake from the hot leg
pipingon temperature and velocity distributions in the upper plenum. ‘
' (3) The results of (1) and (2) indicated that the one-third sector model is appllcable for
the thermal hydraulic tests instead of the full sector model.
[Analyses for the reactor vessel cooling system]
(1) No circumferential natural convection was found in the annulus under three
differént velooity conditions (1.53, 0.153 and 0.0153 [m/s]). '
(2) Asymmetric velocity distribution at the inlet of the annulus also caused no
circumferential natural convection. Tlius, it was confirmed that there is little or no
possibility of oircumferen_tial natural convection in the annulus of the reactor cooling

~ system under the actual reactor conditions.

"‘Thermé.lhydx‘aulic Research Sectiop, ‘Advanced Technology 'Division‘,‘ OEC, PNC
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Table 2.1.1 Case Number and Major Analysis Conditions

Analysis Case Analysis Event Full or 1/3 Sector Model
Number
1 Normal Operation Full Sector
2 1/3 Sector
3 Manual Trip Event Full Sector
4 1/3 Sector
5 Natural Circulation Full Sector
6 1/3 Sector

Table 2.2.1 Flow Rate and Temperature at Core outlet for Normal Operation

Region = Inner Core Outer Core Blanket
Sectionai Area 0.736 0.812 1.915
(m’)
Velocity Temp. Velocity -| Temp. Velocity Temp.,
(m/s) §9) (mvs) 49) (mv/s) 49)
1.8939 571.7 0.8473 544.8 0.0378 395.0
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Table 2.3.1 Flow Rate and Temperature Transients
at Core outlet for Manual Trip Event

Region Inner Core Quter Core Blanket
Tim¢ Velocity Temp. Velocity Temp. Velocity Temp.
(sec.) _(m/s) (C) (nv/s) (C) (m/s) ()
0.0 1.8939 57117 0.8473 544.8 0.0378 1395.0
10.0 0.7640 0.3450 0.0141
15.0 0.5720 0.2640 0.0079
20.0 0.4640 0.2140 0.0046
125.0 0.3910 0.1800 0.0027
30.0 0.3373 525.1 0.1550 495.1 0.0018 395.0
35.0 0.2970 0.1430 0.0015
40.0 0.2840 ©0.1370 0.0016
60.0 0.2840 490.4 0.1370 462.5 0.0017 3950 °
120.0 0.2840 462.1 0.1370 435.8 0.0018 395.0
12200 0.2840 425.4 0.1370 410.0 0.0018 395.0
440.0 0.2840 395.1 0.1370 395.0 0.0018 395.0
590.0 0.2840 395.0 0.1370 395.0 0.0018 395.0
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Table 2.4.1 Flow Rate and Temperature Transients
at Core outlet for Natural Circulation

Region Inner Core Outer Core Blanket
Time Velocity Temp. Velocity Temp. Velocity Temp.
(sec.) (mvs) (©) (mys) © (mv/s) (C)
0.0 1.8939 577.7 0.8473 544.8 0.0378 395.0
10.0 0.6399 567.3 10.2936 537.0 0.0141 428.0
20.0 0.3341 533.2 0.1524 5139 0.0079 431.7
30.0 0.1831 -522.5 0.0820 505.2 0.0046 434.7
40.0 0.1002 524.3 0.0430 504.6 0.0027 436.9
50.0 0.0686 530.5 0.0278 506.9 0.0018 438.4
100.0 0.0656 604.6 0.0244 540.6 0.0015 441.6
150.0 0.0687 632.4 0.0266 568.4 6.0016 4452
200.0 0.0675 598.2 0.0272 558.7 0.0017 451.0
250.0 0.0660 573.1 0.0270 544.1 0.0018 455.8
300.0 0.0651 560,3 0.0267 5344 0.0018 458.5
350.0 0.0644 552.5 0.0265 5279 0.0018 459.9
400.0 0.0635 547.6 0.0260 523.6 0.0018 460,5
450.0 0.0621 544.9 0.0254 520.7 0.0018 461.0
500.0 0.0604 543.6 0.0246 519.0 0.0017 461.4
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Table 3.3.1 Case Number and Major Analysis Conditions

Analysis Case Velocity of Flow Over Weir Symmetric
' | | (m/s) or Asymmetric
1 1.53 Symmetric
2 0.153 Symmetric
3 0.0153 Symmetric
4 Max.1.53, Min.0.765 Asymmetric (Ref. Fig. 3.3.2)

Table 3.3.2 Axial Temperature Distribution on Inner and Outer Walls

Height Temp. of Inner Wall Temp. of Outer Wall

(mm) (C) ©)
160 427.1

480 427.4

800 428.6

1120 430.4

1440 4319

1760 433.1

2080 4343

2400 435.3

2720 436.4

. 3040 437.5 395.0

3360 438.8

3680 440.2

4000 441.9

4320 444.0

4640 446.4

4960 449.3

5280 452.8

5600 456.8

5920 461.5

6240 467.0

‘_21'_.
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