PBMR Thermo Hydraulic
Cycle and Thermal Design

Presented to the US DOE
7/ August 2003
Johan Slabber




MPS Circuit Schematic Diagram
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Schematic of the PBMR and < @ >
Temperature — Entropy diagram for e s M R
100% MCR
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An example of the CFD Reactor Unit
model
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Reactor Unit CFD Analyses

Effect of Turbulent Mixing
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Reactor Unit CFD Analyses

Comparison of Helium Temperature in Core
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CFD TRANSIENT SIMULATION OF

DLOFC EVENT

Maximum temperatures - DLOFC
Irradiated vs. Un-irradiated Graphite

Tmax=1549°C @36.7 hours(irradiated)
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MPS Sensitivity Analyses < @

P B M
Definition:
one
MPS output parameters examined are: e |
\
‘HPTU & LPTU Rotational Speed, | /- ‘
*‘HPC & LPC Surge Margin, o /| e, oo e |
.CyCIe EffiCiency go ‘ 40% MCR, 40% MCRﬁ 7

=

*Grid Power

| 24% MCR, 40% MCRI |

*Turbo machine entrance and exit losses, efficiencies, throat areas & leakage
*Heat exchanger parameters (Heat Areas, etc.)
*‘Reactor parameters (Pebble bed length, bypass flow & outlet temperature)

-Cooling water temperature (Variation at Koeberg)

Presentation: US DOE - J Slabber 8



MPS Sensitivity Analyses Results
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MPS Monte Carlo Analyses

Definition:

all

MPS output parameters examined are:

‘HPTU & LPTU Rotational Speed,
*HPC & LPC Surge Margin,
*Cycle Efficiency

*Grid Power
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MPS Monte Carlo Analyses
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DLOFC Monte Carlo Analyses on Reactor
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PCU CFD Analyses

Manifold & HPT-LPT Connection
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HP Recuperator outlet header

PCU CFD Analyses < @

Static Temperature
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Start-Up — Turbo Unit Parameters
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Start-Up — Reactor Parameters

Reactor Temperatures V703 ROT900 55bar
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Start-Up — Compressor Map Movement

1.6

HPC V703 ROTS00 55bar

— HPC

operating line \

/\

-
™

—
L9M]
T

Pressure ratio

-
[pN]

10

494 il 1 b
20 30
Corrected mass flow rate [kg sgrt(K) / Bar s]

Presentation: US DOE - J Slabber

- T~
D > 4
| o4 B M R
HPC movement
LPC V703 ROT900 55bar
— LPC operating line |’ /\
1T AVAB"
15 i S
o
= 1.4 o
2
?
o 13
- \
1 i R TR d2n o Bl 4462 0, 545
20 40 60 80 100
Corrected mass flow rate [kg sart(K) / Bar s]
17




