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1. Introduction to HELIOS
A Pb-Bi coolant loop, named as HELIOS (Heavy Eutectic liquid metal Loop for the Integral test of Operability and Safety of PEACER), has been developed at NUTRECK by a thermo-hydraulic and materials scaling analysis of a nuclear waste transmutation reactor, PEACER-300. An important accident scenario of LOFA (Loss Of Flow Accident) has been tested with HELIOS to examine natural circulation capability of PEACER design, in parallel with materials test programs. [1-3]  In the process of overcoming many practical difficulties to meet all the original design parameters, the loop configuration has been modified to final configuration of Fig. 1 from the initial HELIOS design upon preliminary test experiences which have corrected inadequacy of the initial scaling analysis.
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Figure 1 HELIOS schematic and the facility side-view at NUTRECK.

2. Summary of HELIOS Natural Circulation Experiment A10 at NUTRECK
Full details of HELIOS flow test results will be published after an on-going benchmark campaign. [4]   For use in IAEA program for small modular reactor development, a set of HELIOS data (A10) has been condensed into a simplified form, as shown in Table 1.


Table 1 Simplified HELIOS Natural Circulation Experiment A10 at NUTRECK
	Natural Circulation Experiment ID
	A10

	Coolant Type
	Pb-Bi Eutectic

	Measured Elevation Difference between Thermal Centers 
	6.04 [m]

	Heating Power of Core
	19.9 [kW]

	 Total HELIOS Heating Power
(Including Preheating Power)
	26.7 [kW]

	Temperature Difference Between
Hotleg and Coldleg
	65[℃]

	Measured Natural Circulation Rate
	2.80 [kg/sec]

	Measured Total Pressure Drop
	5,490 [Pa]

	Estimated Total Loss Coefficient
	28

	Average Density at 250 [℃]
	10,404 [kg/m3]


It is recommended that the Measured Natural Circulation Rate be undisclosed until participants complete their own evaluation using the data Table 1 and Table 2.
3. HELIOS Component Simplification for IAEA Natural Circulation Analysis
In order to help conduct a thermo-hydraulic benchmarking of computer models of IAEA program participants on small modular reactor development, HELIOS, HELIOS configuration is given in Figure 2.
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Figure 2 HELIOS Component Location Numbers(Orange-colored number). Pb-Bi flows counter-clockwise (e.g., from location #1 through #10 and to # 23 )
4. Specification of Simplified HELIOS Loop Characteristics.
HELIOS with a total of 23 distinct components is further simplified into seven elements (I through VII), as shown in Table 2.  Original complex geometry is represented by a simple equivalent element with a corresponding pressure loss coefficient.
Table 2 Equivalent HELIOS Characteristics for Simplified Thermo-hydraulic Benchmark

	Element

ID
	Location

Number(s) within the Element
	Configuration of
Equivalent Element 
	Equivalent Element Length 
[mm]
	Equivalent Element Inner Diameter
 [mm]
	Loss Coefficient (K) for Equivalent Element
(A10 Experiment)

	I
	1
	Core
	1300
	42.5
	13.3

	II
	2~9
	PIPE
	7718
	49.5
	6.74

	III
	10
	Expansion Tank
	210
	49.5
	1.16

	IV
	11~14
	PIPE
	2107
	49.5
	1.6

	V
	15
	Heat Exchanger
	1800
	117.1
	1.12

	VI
	16~22
	PIPE
	7218 
	49.5
	3.18

	VII
	23
	PIPE
	2107
	49.5
	0.93


It is recommended that the last column in Table 2 on Loss Coefficient (K) for Equivalent Element be undisclosed until participants complete their own evaluation using the data for Configuration of Equivalent Element.  
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