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The Secure Transportable Autonomous Reactor (STAR) concept under development at Argonne

National Laboratory provides a small (300 MWt) reactor module for steam supply that incorporates

design features to attain proliferation resistance, heightened passive safety, and improved cost

competitiveness through extreme simplification.u Examples are the achievement of 100%+ natural

circulation heat removal from the low power density/low pressure drop ultra-long lifetime core and

utilization of lead-bismuth eutectic (LBE) coolant enabling elimination of main coolant pumps as

well as the need for an intermediate heat transport circuit.3

It is required to provide a passive means of removing decay heat and effecting reactor cooldown in

the event that the normal steam generator heat sink, including its normal shutdown heat removal

mode, is postulated to be unavailable. In the present approach, denoted as the Reactor Exterior

Cooling System (RECS), passive decay heat removal is provided by cooling the outside of the

containment/guard vessel with air (Figure 1). RECS is similar to the Reactor Vessel Auxiliary

Cooling System (RVACS) incorporated into the PRISM design.4 However, to enhance the heat

removal, RECS incorporates fins on the containment vessel exterior to enhance heat transfer to air

as well as removable steel "Venetian" conductors that provide a conduction heat transfer path across

the reactor vessel-containment vessel gap to enhance heat transfer between the vessels. The

objective of the present work is to investigate the effectiveness of air cooling in removing heat from

the vessel and limiting the coolant temperature increase following a sudden complete loss of the

steam generator heat sink.

A computer model was developed in which the transient mean temperature of the LBE coolant is

calculated accounting for energy deposition due to decay heat and natural convection heat losses to

the reactor vessel inner wall.5 Transient heatup of the reactor vessel, the steel conductor block-filled
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gap, as well as the containment vessel is calculated with a multinodal finite difference calculation

of radial conduction. Heatup of air over the heated vessel height is calculated using the correlation

of Dalle Donne and Meerwald6 for turbulent forced convection heat transfer to air flowing upward

through a smooth annulus augmented by an enhancement factor to account for fins or other measures

that deliberately increase the local heat transfer rate. Heating of air as it flows downward through

the outer air channel is neglected, that is, the partition between the two air channels is assumed to

be a good insulator. Likewise, upward flowing air is assumed not to lose energy to the partition.

The air velocity is determined from the Bernoulli form of a momentum equation that neglects

compressibility effects but accounts for air density changes with temperature due to heat transfer

from the vessel.

Air channel conditions are taken to be similar to those in the PRISM RVACS design. The

downward (entrance) channel is 61 cm in thickness and the upward (exit) channel is 18 cm thick.

Friction factors for smooth channels are assumed together with loss coefficients for the various

contractions and expansions. The reactor and containment vessel walls are assumed to be carbon

steel 5.08 and 1.27 cm thick, respectively. The effective thermal conductivity of the Venetian

conductors is taken to be 80 percent that of steel. The gap thickness was varied from 7.62 to 31

centimeters. A channel height of 29 meters, representative of the PRISM design, was assumed.

It was found that without fins on the containment vessel, the air cooling approach is ineffective in

limiting the coolant temperature rise to an acceptable value (e.g., T < 750 C). The assumed 5.75 m

height over which heat is removed from the vessel is too short to attain an adequate heat removal rate

from the vessel. The STAR design incorporates a means to increase the heated height and surface

area by providing for spillover of the LBE coolant pool into the region between the liner surrounding

the steam generators and the reactor vessel inner surface when the coolant temperature rises above

a threshold assumed to be 600 C. This increases the heated height by 3 meters but the heat transfer

rate is still insufficient to limit the coolant temperature which rises to ~800 C after three days.

However, with the incorporation of fins that enhance the local heat removal rate by a factor of two

together with spillover at 600 C, the LBE peak temperature is limited to 690 C at about 45 hours
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after which the temperature begins to slowly decrease (Figure 2). With fins, the heat loss due to

passive air cooling during normal operation amounts to less than 0.8 MW (<0.3% nominal power).

Thus, reliance upon passive air cooling for decay heat removal is feasible but the provision of fins

on the outside of the containment vessel is required to increase the heat removal rate. The analysis

has highlighted the relatively lower heated vessel height of the STAR concept relative to PRISM.
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Figure 1. Illustration of Passive Reactor Exterior Cooling System for Advanced Modular Heavy
Liquid Metal Coolant Reactor Concept.
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Figure 2. Effects of Reactor Vessel-Containment Vessel Gap Thickness on LBE Coolant Heatup and Cooldown for RECS Incorporating
Fins on the Containment Vessel Exterior that Enhance Heat Removal by a Factor of Two, Coolant Spillover at 600 C, and an
Air Inlet Temperature of 37 C.


