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Abstract — The main purpose of a liquid metal reactor core thermal-hydraulic design is to efficiently extract
the core thermal power by distributing the appropriate sodium coolant flow according to the power distribu-
tion in the core. The thermal-hydraulic design procedure consists of the coolant flow distribution to the sub-
assemblies, the coolant/fuel temperature calculations and detailed subchannel analysis. This paper describes
the LMR core thermal-hydraulic design methodology and summarizes the major design and analysis results
of KALIMER breeder and breakeven cores and subassemblies. KALIMER is a 150 MWe rated (392 MWth)
heterogeneous core with U-TRU-Zr ternary alloy fuel and sodium coolant.
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Basic Design Data
- Thermal Power Oulput

- Core Exit Temperature

- Core Inlet Temperature
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- Pin diameter

Pitch
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Core Configuration Data
- Rod Geometry
- Assembly Geometry
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Nuclear Pesign & Analysis Resuits

- Asgembly Power
- Peak Pin Linear Power

Thermophysical

- Peak Pin Batch Factor Prog:{:es
- Cycle Length
- Power Factors
e
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( ideal Pin Flow Estimatian and
1deal Assembly Flow Estimation
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Flow Fraction to Prior Assembly

]

Flow Grouping Selection
- Same Group for Assemblies
: Relative Ffow Fraction < 10 %
and Same Assembly Type
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Flow Grouping Results
- input for Temperature
Calcutation

Flow Grouping
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Assembly Nominaf Temperature Rise

h A

Nominal Peak Subchannel
Temperature Rise

- Fuel Centsrline Temperature
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Thermal Striping Temperature
- Maximum Difference in Assembly
Qutlet Temperatures of Adjacent
Assemblies
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Peak Pin Temperature
Calculation
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Core and Assembiy

> Pressure Drop

Calculations

Steady State

v v Subchan‘nei
Anaiysis
Nominal / 2 sigma Peak Temperatures H
- Agsembly Outlet Temperature :
- Coolant Temperature Detailed
- Cladding Outer Surface Temperature i Subchannel
- Cladding tnner Surface Temperature [N Analysis for
- Cladding Midwall Temperature H Steady State and
- Fuel Suriace Temperature Transient

Input Preparations
for Pin Analysis and
Transienl Analysis

Subchannel
Analysis
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Core Radial Direction

IC : Inner Core
OC : Quter Core
RB : Radial Blanket
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Core thermal output (MWth) 3922

Core electric power (MWe) 150.0

Net plant thermal efficiency (%) 38.2

Core inlet/out temperature (°C) 386.2/530.0
Total flow rate (kg/s) 2143

Active core height (cm) 120.0

Core diameter (cm) 344.30

Core configuration Heterogeneous
Number of core enrichment zones 1

Feed fuel enrichments (w/0%) 28.00

Fuel type U-TRU-10%Zr
Refueling interval (months) 18

Refueling batches (Driver/IB/RB) 3/3/6

Duct inside flat to flat distance (mm) 149.60
Pins per fuel assembly (Driver/Blanket) 271/127
Pin outer diameter (Driver/Blanket) (mm) 7.40/12.0

Pin P/D ratio (Driver/Blanket) 1.203/1.083
Average/peak fuel burnup for driver 79.8/116.9
(MWD/kg)

Avg/peak linear power for driver 184.8/278.3
(BOEC)W/cm)

Peak fast neutron fluence (E>0.1 MeV) 243
(x10%n/cm?)
Cladding material HT9

X 2. Breakeven ‘=& MAHAFRE.

Core thermal output (MWth) 3922

Core electric power (MWe) 150.0

Net plant thermal efficiency (%) 38.2

Core inlet/out temperature (°C) 386.2/530.0
Total flow rate (kg/s) 2143

Active core height (cm) 100.0

Core diameter (cm) 344.30

Core configuration Heterogeneous
Number of core enrichment zones i

Feed fuel TRU enrichments (w/0%) 30.00

Fuel type U-TRU-10%Zr
Refueling interval (months) 18

Refueling batches (Driver/IB/RB) 3/3/6

Duct inside flat to flat distance (mm) 149.60
Pins per fuel assembly (Driver/Blanket) 271/127
Pin outer diameter (Driver/Blanket) (mm) 7.40/12.0

Pin P/D ratio (Driver/Blanket) 1.203/1.083
Average/peak fuel burnup for driver

(MWD/ke) 87.6/120.7
Avg/peak linear power for driver

(BOEC)(W/cm) 201.2/287.1
Peak fast neutron fluence (E>0.1 MeV) 541
(x10%n/cm?) ’
Cladding material HT9
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3. BASY oM fE¥YEY ¥ Ho 2220 FEHIYY AX HE),

Assembly Flow No. of Assy. flow  Zone

Assy

Thermal Claddwall Fuel surface Fuel center

type goup  assy. (kg/s) flow (%) outlet (°C) striping (°C) °C) (°C) (°C)
1 12 39.80 544 174 624 576 828
Driver 2 24 34.70 65.3 543 167 621 570 793
3 12 27.00 548 87 627 578 754
Inner 4 6 12.15 122 528 136 629 559 741
blanket 5 12 12.50 ) 527 145 627 556 741
6 12 8.70 528 105 628 602 696
7 6 5.30 528 89 627 601 659
Radial 3 12 4.80 530 87 629 630 655
bhnket o 12 2.90 19.4 526 31 622 623 630
e, "2 2.45 529 37 629 630 644
11 6 1.80 526 40 623 624 635
12 1.55 528 37 627 628 637
Total primary loop flow : 2143 kg/s.
Total bypass flow : 2.0%.
Max. bundle AP : 0.426 MPa.
E 4. ZN5Y =N TEA JIsey Mun 2R,
715ty Al 9 $AxA DR 0302 (271 Pin) RB 0602 (127 Pin)
Active core height, mm 1260.0 1260.0
Fuel pin pitch, mm 8.95 13.07
Wire wrap lead, mm 206.2 301.9
Duct inside flat to flat distance, mm 150.4 150.4
Duct wall thickness, mm 3.72 372
Fuel pin outer diameter, mm 7.45 12.08
Wire wrap diameter, mm 1.41 0.96
Clading thickness, mm 0.55 0.54
Nominal linear pin power, W/m 7420.8 3074.9
Assembly nominal flow rate, kg/sec 39.8 8.7
Assembly coolant inlet temperature, °C 386.2 386.2
Peak coolant outlet temperature, ‘C 566.2 557.9
Coolant average velocity, m/s 6.426 2.090
Bundle Pressure drop, MPa 0.426 0.059

565 -4
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—ua— Single
o %
560 ’ " N
_ 555 2 B
L
e 550
pou
g 545 /.f‘ l\\
g \
£ ® \
S 540 -]
= /'/ \
N\
535 /5 =
1 | ]
®
530 - #

T T T 1 ¥ T T T
536 478 377 288 146 52 6 3 37 119 249 332 427 509
Subchannel Number

8 10. BASM +4° DR 0302 FEN ST=2E
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2o

560 —
555 -
550
545
540
535

530 -

Temperaure (°C)

525
520
515«

5104

506

| /,._.\\\
VA
:/ \

:/ N

T T T T T T T
250212 146 935223631437 72119179 232
Subchannel number
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Assembly Location
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AR Assemnbly Location
1] Assembly Type
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N, 628 1 Clad Midwall Terp (28] C)

T8l 14. Breakeven EOC1 ‘#l(I/6) F¥HH P&
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vhr o}z gluh. breakeven w4l F4 B4 Ao B
3 x4 oo o] Yolzle e} A fk
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¥ 5. Breakeven ‘i R 9l HD2T (20 EHAEY QX HE).

Assembly outlet Cladding midwall

Assembly Flow No. of Assy flow Group flow Zone average (°C) (26) (°C)
type Tou ass kg/s) (kg/s) flow (%)
P £roup Y (ke g 0 Equil. BOC1 EOC1 Equil. BOCl1 EOCI
1 12 35.0 477 546 547 540 629 632 620
Driver 2 18 322 833 71.0 547 553 539 629 640 618
3 24 272 324 548 561 545 629 651 626
Inner 4 18 10.2 72 11.0 527 467 525 629 515 625
blanket 5 6 9.4 150 ’ 528 475 524 628 526 621
6 18 59 104 530 475 485 629 513 549
Radial 7 12 5.1 32 100 528 455 484 627 510 549
blanket 8 6 34 57 ’ 528 446 479 627 489 545
9 12 2.3 35 525 438 472 620 475 530
Total primary loop flow : 2143 kg/s.
Total bypass flow : 2.0%.
Max. bundle AP : 0.30 MPa.
HE 6. Breakeven WH -} F iAol 7|58 X2zt 2=

[y Py P

Z1etetd A 2 e AEA

DR 0302 (271 Pin)

IB 0503 (127 Pin) RB 0704 (127 Pin)

Active Core height, mm 1050.0 1050.0 1050.0
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