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Abstract

Thermal hydraulic analyses of KALIMER cores: U metal fueled homogeneous core,
breeder core and breakeven core, were performed. A present KALIMER core is a 150
MWe rated (392 MWth) heterogeneous breakeven core fueled with U-Pu-Zr ternary
alloy fuel. The thermal hydraulic analyses of equilibrium cores were analyzed for the
three KALIMER conceptual design cores, which have good neutronic characteristics to
give good safety margin in the core design. In this paper, the thermal hydraulic
analyses results of the startup/transition cores were also presented.
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Basic Design Data

- Thermal Power Output
- Core Inlet Temperature
- Core Exit Temperature

Core Configuration Data
- Rod Geometry
- Assembly Geometry

I I

Nuclear Design & Analysis Results

- Assembly Power
- Peak Pin Linear Power

Thermophysical

- Peak Pin Batch Factor Prog:gles
- Cycle Length
- Power Factors
J —— e
( ) ( )

Ideal Pin Flow Estimation and
Ideal Assembly Flow Estimation

I

Flow Fraction to Prior Assembly

I

Flow Grouping Selection
- Same Group for Assemblies
: Relative Flow Fraction < 10 %
and Same Assembly Type

l

Flow Grouping Results
- Input for Temperature

Assembly Nominal Temperature Rise

:

Nominal Peak Subchannel
Temperature Rise

i N
Nominal / 2 sigma Peak Temperatures
- Assembly Outlet Temperature
- Coolant Temperature
- Cladding Outer Surface Temperature
- Cladding Inner Surface Temperature N
- Cladding Midwall Temperature
- Fuel Surface Temperature
- Fuel Centerline Temperature

I

v

Core and Assembly

Pressure Drop
Calculations

Steady State
Subchannel
Analysis

Detailed
Subchannel
Analysis for

Steady State and
Transient

Calculation Input Preparations
L ) Thermal Striping Temperature » for Pin Analysis and
- Maximum Difference in Assembly Transient Analysis
Outlet Temperatures of Adjacent
Assemblies
\. J
r 1
] Peak Pin Temperature Subchannel
Flow Grouping " X
Calculation Analysis
A L A= O3 = =]
29 1 AAFERZ =4 ARA NGEA L SR Y
TEE
hvA LA
O Inner Core 30 J——‘L— ]- U 1= v‘il‘?j—g— -I—t/l\:] 727:”/\]-0013
Outer Core €€ Core Thermal Output (MWth) 3922
O Radial Blanket 42 Core Electric Power(MWe) 150.0
Net Plant Thermal Efficiency(%) 38.2
‘ Control Rod 6 Core Inlet/Out Temperature(C) 386.2/530.0
@ o N Total Flow Rate (kg/s) 2143
sS Active Core Height (cm) 100.0
@ GEM ¢  Core Diameter (cm) 34473
Core Configuration Radial Homogeneous
O Reflector 48 Number of Core Enrichment Zones
. Feed Fuel Enrichments (w/0%) (IC/OC) 14.41/20.00
ﬂﬂ]ﬂ]]] BC Shield 54 Fuel Form U-10%Zr Binary Alloy
‘ Tvs 54 Refueling Interval (months) 12
Refueling Batches (Driver/R. Blanket) 3/6
@ Shield 72 Duct Inside Flat to Flat Distance (mm) 149.8
Pins per Fuel Assembly (Driver/R. Blanket) 271/217
379 Pin (guter Diameter (Driver/R. Blanket) (mm) 7.67/12.0
Pin P/D Ratio (Driver/R. Blanket) 1.167/1.083
Averal_ge/l’eak Fuel Burnup (MWD/kg) 25.35/42.67
Av%(/ eak Linear Power for Driver (BOEC)(W/cm) ,  160.2/208.5
HH ‘] o Peak Fast Neutron Fluence (E>0.1 MeV) (x107n/cm”) 1.399
- Cladding Material HT9




Z2 w4 FE9d 2 Hu2x (20)
U 55495 =4
s No. | Assy |Zone| Assy | Thermal | Claddin
8;21(:6 ? ss}é of | Flow |Flow|Outlet| Striping | Midwal
P| VPl Assy|(keg/s)| (%) | (C) | () ()
1 IC 6 | 21.6 575 160 628
2 IC | 24 | 204 578 158 628
3 oC | 24 | 237 571 148 628
4 OoC | 12 | 20.6 561 31 628
5 OoC | 12 | 19.2 556 78 628
6 OC | 18 | 15.8 |90.7 | 554 79 628
7 RB | 12 | 46 508 78 628
8 RB | 18 | 33 501 79 628
9 RB | 12 | 2.7 [6.83| 498 71 628
10 |CIL| 6 1.4 397 158 -
11 Uss | 1 14 | 05| 393 160 -
Total primary loop flow : 2153 kg/s
Total Evpass flow : 20 %

Q oriver Fuel

@) 1nternal Blanket 1

O Radial Blanket 12
‘ Control Rod 6
@ Uss 1
@ GEM 6
O Reflector 48
ﬂ]m] BiC Shield 54
@ Ivs 54
& shield 72
Total 379
Hj 2] &=
£ 4 wA F39Y R ANLE ()
FA5Y wA
s No. | Assy |Zone| Assy | Thermal | Claddin:
Orifice | Assy | o' | Fow | Flow | Oullet | Stiping | Micwal
PP | Assy | (ke/s) | (%) | () | (T) (C)
1 DF | 12 | 3980 544 174 624
2 DF | 24 | 3470 543 167 621
3 DF | 12 | 2700 | 663 | 548 87 627
4 1B 6 | 1215 528 136 629
5 1B 12 | 1250 | 122 | 527 145 627
6 RB | 12 870 528 105 628
7 RB 6 530 528 89 627
8 RB | 12 4.80 530 87 629
9 RB | 12 290 526 31 622
10 RB | 12 245 529 37 629
11 RB 6 1.80 526 40 623
12 RB | 12 15 | 194 | 528 37 627
Total primary loop flow : 2143 kg/s
Total gvpass flowp : 20 %g/

low Group
Assermibly Power (Mwin)
Assy Outlet Temp(oC)

1l

] Assemply Location
L[\c) £ SRS pe
1 Fi
=

Core Thermal Output (MWth)

Core Electric Power(MWe)

Net Plant Thermal Efficiency(%)

Core Inlet/Out Temperature(C)

Total Flow Rate (kg/s)

Active Core Height (cm)

Core Diameter (cm)

Core Configuration

Number of Core Enrichment Zones

Feed Fuel Enrichments (w/0%)

Fuel Type

Refueling Interval (months)

Refueling Batches (Driver/1B/RB)

Duct Inside Flat to Flat Distance (mm)

Pins per Fuel Assembly (Driver/Blanket)

Pin (g’uter Diameter (Driver/Blanket) (mm)

Pin P/D Ratio (Driver/Blanket)

Average/Peak Fuel Burnup for Driver (MWD/kg)
eak Linear Power for Driver (BOEC)(W/cm)

AV%(/ S 2
Peak Fast Neutron Fluence (E>0.1 MeV) (x107n/cm’)

Cladding Material

392.2
150.0

382
386.2/530.0

Heterogeneous
1

28.00
U-Pu-10%Zr
18

3/3/6
149.60
271/127
740/12.0
1.203/1.083
79.8/116.9
184.8/278.3
243

HT9

P
(2.0 Assermnbly
[ Assemb
4 Flow
2.02 A
5 A

53 :ﬁ E?/ebuv}'a‘rr&?n'%wgm ©
O™ 5 FEdd 7w 2
(/6 =4) + FHEH w4



O Driver Fuel 54
Internal Elanket 24
[[] Radial Blanket 48
@ control Rod &
(&) uss 1
) czn 6
@ Reflector 45
(I mc shiela 54
) ws 54
& shiela 72

Total 367

3 5 Breakeven

w4 ARG

Core Thermal Output (MWth) 392.2

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) 34430
Core Configuration Heterogeneous

Number of Core Enrichment Zones

Feed Fuel TRU Enrichments (w/0%)

Fuel Type

Refueling Interval (months)

Refueling Batches (Driver/IB/RB)

Duct Inside Flat to Flat Distance (mm)

Pins per Fuel Assembly (Driver/Blanket)

Pin (g’uter Diameter (Driver/Blanket) (mm)

Pin P/D Ratio (Driver/Blanket)

Average/Peak Fuel Burnup for Driver (MWD/kg)
AV%(/ eak Linear Power for Driver (BOEC)(W/cm)
Peak Fast Neutron Fluence (E>0.1 MeV) (x107n/cm")

1% 6 Breakeven =4 H|X = Cladding Material
26 =4 FE99 2 Haex (2)
Breakeven 4]
Flow | Assy | No. of | Assy | Group | Zone Assy Outlet Cladding Midwall
Group | Type| Assy | Flow | Flow [Flow Average (20)
No. (kg/s) | (kg/s) | (%) () ()
Equil | BOC1 | EOC1 | Equil | BOC1 | EOC1
1 | DR| 12 | 30 | 477 M6 | 47 | 540 | 629 | 632 | 620
2 | DR | 18 | 322 | &3 547 | 553 | 539 | 629 | 640 | 618
3 | DR | 24 | 272 | 324 |770| 548 | 561 | 545 | 629 | 661 | 626
4 | IB 18 | 102 | 72 527 | 467 | 525 | 629 | 515 | 625
5 1 1B 6 94 | 150 [11.0| 58 | 475 | 524 | 628 | 526 | 621
6 | RB| 18 59 | 14 530 | 475 | 485 | 629 | 513 | 549
7 |BRB| 12| 51| % 52 | 455 | 484 | 627 | 510 | 549 3’ g
8 | RB 6 34 | o7 528 | 446 | 479 | 627 545
9 | RB| 12 23 1 3 [100| 525 | 438 | 472 | 620 | 475 | 530 _
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