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Calculational Method for Inter-Subassembly Heat Transfer during Natural Circulation
in Fast Breeder Reactors
- Verification based on CCTL and PLANDTL Sodium Tests -

H. Kamidel, M. Nisimural, K. Hayashil, K. Momoil,

and Y. Miya.ke2

ABSTRACT

Itis considerably effective to utilize the natural circulation on advance of reliability of the decay
heat removal systems of Fast Breeder Reactors. The natural circulation dose not depend on
components which needs external power sources like pumps. This increases the reliability of the
decay heat removal systems. However, thermohydraulics in the core have complex characteristics
under the natural circulation. Under low flow conditions, buoyancy effects and heat transfer from
high temperature subassemblies to low temperature subassemblies, i.e. inter-subassembly heat
transfer, will significantly modify the flow and temperature distributions in the subassembilies.

Thus, development of an evaluation method for the core thermohydraulic is significant to utilize the
natural circulation.

A multi-subassembly analysis method using the three-dimensional thermohydraulic analysis code,
AQUA, was developed to predict thermohydraulics in the subassemblies with influence of the inter-
subassembly heat transfer. In this method, each subassembly is modeled in individual mesh region
of multi-region model of AQUA and the staggered half-pin mesh arrangement was applied in each
subassembly. The heat transfer between the subassemblies was simulated by a thermal structure
model. The analysis method was applied to two sodium experiments where three or seven
subassemblies were modeled in simulated cores. The experimental analyses showed that the multi-

subassembly analysis method could evaluate the thermohydraulics in the subassemblies.

1 Reactor Engineering Section, Safety Engineering Division,0O-arai Engineering Center, PNC
2 NDD Corp.
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Table 1 Main Specifications of CCTL-CFR

Simulated Core

Number of Subassemblies ] 2

Flat to Flat Distance (m) 0.14 0.14

of Hexagonal Flow area

Number of Heater Pins 61 19

Pin Diameter (m) 0.016 0.025

Pin Pitch (m), (P/D). 0.0174 (1.088) 0.0302 (1.208)

Wire Diameter (m) 0.0014 0.0052

V/ire Lead (m) 0.2 0.7

Heated Length (m) 1.7 1.7

Maximum Heater Power SOkW S0kW
Loop

Three individual lines into the subassemblies are available.
Flow rate in each line can be controlled and measured.

Cooling channel is set along the 61-pin subassembly.




a) 61-pin Bundle

Table 2 Friction Factors in S/As of CCTL-CFR

Subchannel Laminar Region Transition Region
Friction Factor ~ Re Range Friction Factor  Re Range
Inner Subchannel 73 Re" Re< 4225  2.48Re’ 044 Rez 4225
Wall Subchannel 70 Re"1 Re<4225  2.09Re 042  Re24225
Corner Subchannel 112 Re"l Re<4225  428Re 040  Re>4225

b) 19-pin Bundle

Subchannel

Laminar Region

Transition Region

Friction Factor ~ Re Range Friction Factor  Re Range
Inner Subchannel 82 Re! Re<677.2  2.59Re047  Re> 677.2
Wall Subchannel 89 Re"! Re< 6772  2.46Re 04 Re2 677.2
Corner Subchannel 102Re’l  Re< 6772  2.49Re043  Re> 6772
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Table 3 Cases of CCTL-CFR Experimental Analyses

Case ST167 STI165 ST169 STI171 STI178 STI80 ST16 ST17
Fow rate (/min)
61-pin 10.3 10.4 10.3 10.3 15.3 5.2 26.3  25.7
19-pin*1 13.1 13.2 13.1 13.1 13.4 13.5 27.6  26.]
Cooling 0.9 1.7 1.0 1.7 5.2 1.3 0.0 0.9
Channel
Flow Velocity (cnm/sec)
61-pin 3.72 3.76 3.72 3.72 5.52 1.88 9.50 9.28
19-pin 3.01 3.04 3.01 3.01 3.08 3.11 6.35 6.00
Heater Power (kW)
61-pin 14.5 14.5 14.5 14.5 15.0 15.5 520 483
19-pin 6.9 J.0 33.5 40.2 0.0 27.2 0.0 0.0
Inlet Temperature (°C)
61-pin 2512 251.1 2513 2514 2509 2521 2518 257.0
19-pin 252.1 2519 252.1 2521 2519 2517 2519 2572
Cooling 2469 248.0 2472 24877 2495 2474 - 2500
Channel
Temperature *2  -47.1  -75.2 63.5 91.2 -52.4  -53.1 -107.7 -102.2

Difference at
Heated End (°C)

*1:Average Flow rate in two 19-pin Subassemblies

*2: Temp.(19-pin) - Temp.(61-pin), based on Power and Flow ratio



Table 4 Main Specifications of PLANDTL-DHX

Simulated Core

Number of Subassemblies 1 6
Flat to Flat Distance (m) 0.063
of Hexagonal Flow area
Wrapper Tube Thickness (m) 0.004
Inter-wrapper Gap Width (m) 0.007
Number of Heater Pins 37 7
Pin Diameter (m) 0.0083 0.0208
Pin Pitch (m), (P/D). 0.0099 (1.193) 0.0224 (1.077)
Wire Diameter (m) 0.0015 0.0015
Wire Lead (m) 0.165 0.165
Heated Length (m) 1.0 1.0
Power Profile Chopped Cosine Chopped Cosine
Maximum Heater Power (kW) 150 150
Loop
Core
Maximum Power 1.2 MW
Number of Subassembly 7
Upper Plenum
Diameter 20m

Sodium Level from Bottom 2.6 m

UCS Diameter 0.412m
Main Pipe Diameter 4 in.
Maximum Flow rate 1200 Vmin
THX
Heat Exchanger Type Primary Side: Inside of tubes
Secondary loop Air Cooler 1.5 MW
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Table 5 Friction Factors in S/As of PLANDTL-DHX

a) 37-pin Bundle

Subchannel Laminar Region Transition Region
Friction Factor ~ Re Range Friction Factor  Re Range
Inner Subchannel 82.7 Re”! Re< 613.6 3.15 Re"0-49 Re> 613.6

Wall Subchannel

Corner Subchannel

90.1 Re-!  Re< 1067 0.859 Re'0-33  Rex> 1067

104.4Re’! Re< 3809 10.0 Re046  Re>3809

b) 7-pin Bundle

Subchannel Laminar Region Transition Region
Friction Factor  Re Range Friction Factor  Re Range
Inner Subchannel 69.9Re’!  Re<3325  229ReV4l  Re>3325

Wall Subchannel

Corner Subchannel

70.5 Re"! Re< 727.2 0.566 Re'0-27  Re>727.2

125.6 Rel  Re<92.7 529 Re 081 Re>92.7




Table 6 Parameter Analyses of Permeabilty between Subchannels

No. Permeability in X and Y directions
Center Subassembly Outer Subasembly

1 Ref.* 0.2
2 Ref. 0.4
3 Ref. 0.6
4 Ref. 0.8
5 Ret. 1.0
6 0.1 0.4
7 0.2 0.4
8 0.4 0.4
9 0.6 0.4

10 0.8 0.4

11 1.0 0.4

* Ref.: Permability based on the subchannel geometry (0.14)
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Table 7 Cases of PLANDTL-DHX Experimental Analyses

Run No. ST072 ST-054 TR-049 ST-070 ST-080
Run Name DTSFMS0T FUR24P24F TIKO-30T  DTS8FOT-1 DTS8FP30T

Fow rate (I/min)

37-pin 8.0 23.4 49.0 8.0 8.0

7-pin*1 15.3 15.3 49.0 15.3 15.3
Flow Velocity (cm/sec)

37-pin 9.7 28 60 9.7 9.7

7-pin 24 24 78 24 24
Heater Power (kW)

37-pin 24.0 24.0 144.0 24.0 24.0

7-pin 31.8 6.6 116.0 46.0 55.0
Inlet Temp. ("C) 300 300 300 300 300
Temperature *2 -50 -32 -31 0 32
Difference at
Heated End (°C)

*1:Average Flow rate in six 7-pin Subassemblies

*2: Temp.(7-pin) - Temp.(37-pin), based on Power and Flow ratio



Table 8 Cases of PLANDTL-DHX Transinet Analyses
Run No. TR-043 TR-049
Run Name TIKO-REF TIKO-30T

Fow rate (I/min)

37-pin 49.0 49.0

7-pin*] 49.0 49.0
Flow Velocity (cm/sec)

37-pin 60 60

7-pin 78 78
Heater Power (kW)

37-pin 144.3 144.0

7-pin 144.3 116.0
Inlet Temp. (°C) 300 300
Temperature *2 0 -31

Difference at
Heated End (°C)

*1:Average Flow rate in six 7-pin Subassemblies

*2: Temp.(7-pin) - Temp.(37-pin), based on Power and Flow ratio
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Table 9 Calculated CCTL-CIR Test Cases

IEATER POWER FLOW RATE INLET TEMPERATURE EAT
e | e . : , TRANSFER
CASE | TEST NO. (K¥/Ass. ) C1/min/Ass. ) ) 0
, L I L o {cooLing] i {cooLing | 6lpin
NO. , . , , "1 BUNDLE
(61pin) | (19pin) | (61pin) |C19pin) {CHANNEL| (61pin) [(19pin)| CHANNEL
ST-167 [6R1. 06C050TRO. 5| 14.51 | 6.94 | 10.28 | 13.06 | 0.90 | 251.16 | 252.09 | 246.91 | COOLED
ST-169 [6r1. 061050TRO. 5| 14.49 | 33.48 | 10.34 | 13.12 ] 1.0 |251.30 | 252.06 | 247.23 | HEATED
ST-174 [6R0. 350000TRO. 0] 15.29 | 7.78 | 29.38 | 13.51 | 0.0 | 251.23 | 252. 18 ISOTHERNAL
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Table 10 Calculated PLANDTL-DHX Test Cases

CASE HEATER POWER FLOW RATE INLET AT HEAT
TEST NO. | (KW ‘Ass. ) (1/min/Ass.) |TEMPERATURE| CENTER-  [TRANSFER TO
SURROUND | CENTER
\O. CENTER | SURR. | CENTER | SURR. (C) (‘C) BUNDLE
ST-070 | DTSBFOT-1 | 2.0 | 23.0 | 80 | 7.67 300. 0 0 [SOTHERNAL
ST-072 | DTSBFM30T 24,0 15. 9 8.0 1.67 300. 0 -50 COOLED
ST-080 [ DTSBFP3OT 24.0) 21.5 8.0 1. 67 300.0 :30 HEATED
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Fig. 42 Mesh Arrangement in Single Subassembly



