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ABSTRACT

In recent years, relevant efforts have been undertaken by EUROfusion consortium to pursue 
the technological development of the DEMO fusion power plant. The complex design of the machine 
foresees the coexistence and integration of many components commonly adopted in nuclear industry, 
which need to be tested and qualified during the pulsed regime imposed by the plasma power phases 
(pulse-dwell-pulse transitions). This unconventional operation led to the selection of the Once 
Through Steam Generator (OTSG) as main steam generator for the DEMO Primary Heat Transfer 
Systems (PHTS), since its low mass inventory enhances its responsivity to the load variations.
As one of the EUROfusion main partners, ENEA is responsible for realizing a large 
multipurpose experimental infrastructure named W-HYDRA, to be hosted at Brasimone R.C. (Italy), 
conceived to investigate the water and lithium-lead technologies applied to the DEMO Water Cooled 
Lithium Lead Breeding Blanket (BB) and Balance of Plant (BoP) systems. Among the facilities 
constituting this new platform, STEAM will experimentally investigate the DEMO BoP thermal-
hydraulics, focusing on the steam generator of the BB PHTS, in order to qualify its 
performances and suitability under its unconventional operation.
This paper aims at presenting a 3.1 MW OTSG mock-up to be tested in the STEAM facility, obtained by 
a power-to-volume scaling procedure from the BB OTSG. Thermal-hydraulic analyses have been 
performed with RELAP5/Mod3.3 code to support the scaling process and to investigate the overall 
performances, while CFD code Ansys CFX has been used for the hydraulic optimization of the 
component.

KEYWORDS
DEMO reactor, STEAM facility, DEMO Balance of Plant experimental investigation, Once Through 

Steam Generator (OTSG), RELAP5 for fusion applications
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1. INTRODUCTION 
 
The design and realization of the DEMO reactor (DEMOnstration Power Station) [1] is a challenging 
activity, which requires extensive analysis for the construction of the components and the definition of the 
control logics of the plant. For this purpose, relevant efforts have been undertaken by EUROfusion [2], with 
the final goal of demonstrating the technical feasibility of the machine and the production of hundreds of 
MW of electricity at a competitive price compared to other energy sources currently used [3]. Among the 
EUROfusion partners, ENEA (Italian National Agency for New Technologies, Energy and Sustainable 
Economic Development) supports the development and the design of systems and components suitable for 
the nuclear fusion technologies and nuclear R&D. Recently, a research activity has been undertaken at 
ENEA Brasimone Research Centre [4] to design and realize a new multipurpose experimental 
infrastructure, named W-HYDRA, conceived to investigate the water and lithium-lead technologies applied 
to the DEMO BB and BoP systems [5]. The design activity benefits from the wide experience of ENEA in 
fusion field, collected during numerical activities [6][7] and experimental campaigns [8] for the DEMO 
Water Cooled Lithium-Lead (WCLL) and BoP [9] accomplished in EUROfusion. 
 
One of the experimental installations of the W-HYDRA is STEAM, an infrastructure conceived to 
experimentally investigate the DEMO BoP, focusing the study on the Steam Generator (SG) of the BB 
PHTSs. The facility reproduces the BB PHTSs operating conditions by means of a water primary loop 
working at 15.5 MPa and 328-295°C, as well as the DEMO Power Conversion System (PCS) [5] with a 
two-phase (liquid/steam) water secondary loop operating at 6.4 MPa and 238-300°C. The two loops are 
thermally connected by means of a test section (i.e., the OTSG) and the entire facility is designed to operate 
at a maximum power of 3.1 MW. The experimental validation of the DEMO BoP water coolant systems 
will consist in steady-state tests and transient scenarios. Dedicated tests on the OTSG [11] will be 
performed, aiming at demonstrating its capability to perform as intended during the power phases of 
DEMO, since the pulsed regime of the machine could be challenging for the operation and control of such 
component [12]. The design and operation of the STEAM facility is in charge at ENEA Brasimone Research 
Centre, where a pre-existing experimental hall is currently under refurbishment to accommodate the new 
facility. 
 
The cornerstone of the STEAM facility is the OTSG mock-up, whose design has been obtained by following 
a scaling procedure based on the “power to volume” approach and keeping the full length scale of the 
Breeding Zone (BZ) OTSG. On such basis, the final layout has been achieved after an optimization of the 
geometrical features linked to the feasibility of the component. The present paper provides a brief 
description of the whole experimental installation, focusing on the 3.1 MW OTSG mock-up to be tested in 
the STEAM facility. Thermal-hydraulic analyses have been performed with the SYStem Thermal-
Hydraulic (SYS-TH) code RELAP5/Mod3.3 [13] to support the scaling process and to investigate the 
overall performances. Additional analyses using CFD code Ansys CFX have been used for the optimization 
of the layout and the hydraulic investigation in specific zones of the component. 
 
2. STEAM FACILITY LAYOUT 
 
The STEAM facility aims to experimentally investigate the BoP of DEMO based on water coolant 
technology, focusing on the design study of the WCLL BB PHTSs water-water SGs, which, despite their 
well-proven technology in Nuclear (Fission) Power Plants, result to be “critical” components in DEMO due 
to the pulsed operation of the machine [14][15]. In order to demonstrate the capability of the SG to perform 
as intended during the DEMO power phases, three operational phases in the experimental plan for the SG 
are foreseen: (i) Low Power Phase, reproducing the SG operation in dwell conditions (far from the 
minimum values suggested by the standard practice), testing the Thermal-Hydraulic (T/H) performances 
and the effectiveness of the regulation strategy adopted; (ii) High Power Phase, to assess the SG T/H 
performances in full power conditions; (iii) Pulsed-Dwell Phase, reproducing the SG operation during the 
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pulse-dwell transition, investigating the performances and the suitability of the control strategy adopted, 
and identifying the domain enveloping the operational T/H parameters for a safe, stable and efficient 
performance of the SG. 
 
The facility will use single-phase (liquid) pressurized water as primary working fluid and two-phase 
(liquid/steam) pressurized water as secondary working fluid. The two loops are thermally coupled by means 
of a Test Section (TS), i.e., the OTSG, and the facility is designed to operate at a maximum power of 3.1 
MW. The 3D CAD of the two loops is depicted in Figure 1. 
 

 
Figure 1. 3D view of the STEAM primary system (red) and secondary system (blue) 

 
The primary system is a closed loop working at the thermodynamic conditions of the DEMO WCLL BB 
PHTS [5]. The operating pressure is 15.5 MPa, the inlet and outlet temperature of the OTSG are 328°C and 
295°C, respectively. The OTSG mock-up is designed to exchange a nominal thermal power of 3.1 MW. 
The secondary system is in charge to remove the thermal power from the primary loop, providing the 
feedwater for the OTSG mock-up during all the different facility operational phases. The loop reproduces 
the conditions of the DEMO PCS, i.e., operating pressure of 6.4 MPa, and OTSG inlet-outlet temperatures 
238-300°C. In particular, the loop is divided in two sections: the former, including the OTSG mock-up, is 
operated at the DEMO PCS conditions, i.e., 6.4 MPa with a thermal cycle of 238.0-300.0°C, while the 
latter, including the ultimate heat sink of the facility (air coolers), is operated at 2.5 MPa with a thermal 
cycle of 245.4-210.0°C. The pressure reduction from 6.4 MPa to 2.5 MPa is performed by means of a 
lamination valve installed on the steam line of the loop, while a set of four magnetic drive centrifugal pumps 
installed on the feedwater line provides the necessary head to increase the pressure from 2.5 MPa to 6.4 
MPa. A dedicated electrical heater is installed upstream the OTSG to heat the feedwater up to the nominal 
temperature of 238°C. The adoption of the lamination process with pressure reduction (below the half of 
the nominal value) is performed to hydraulically decouple the OTSG mock-up with respect to the heat sink 
related systems. In this way the propagation of eventual instabilities and perturbations occurring in the 
circuit is prevented and cannot affect the operation of the OTSG. Table I summarizes the primary and 
secondary system nominal conditions. 
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Table I. STEAM main data 

 
Parameter Unit Value  Description  

P MW 3.1 Power delivered by TS from primary to secondary side 
Primary Side 

pH2O,1 MPa 15.5 H2O pressure in the primary side 
TH2O,in,1 °C 328.0 H2O temperature at the TS inlet 
TH2O,out,1 °C 295.0 H2O temperature at the TS outlet 
ΓH2O,1 kg/s 16.05 H2O mass flow rate 

Secondary Side 
pH2O,2, upstream lam. MPa 6.4 H2O pressure upstream the lamination 
pH2O,2, downstream lam. MPa 2.5 H2O pressure downstream the lamination 
TH2O,in,2 °C 238.0 H2O temperature at TS inlet 
TH2O,out,2 °C 300.0 H2O temperature at TS outlet 
ΓH2O,2 kg/s 1.68 H2O mass flow rate 

 
3. ONCE THROUGH STEAM GENERATOR DESIGN 
 
The OTSG mock-up for STEAM has been obtained by following a scaling procedure based on the “power 
to volume” approach and keeping the full length scale of the Breeding Zone (BZ) OTSG [16][17][18], 
which, in turn, is inspired to the Babcock & Wilcox (B&W) layout [19][20], opportunely adapted to DEMO 
considering the thermo-dynamic constraints for PHTSs and PCS. Assuming that the “power/tube” ratio is 
unchanged, and knowing the thermal loads, a mock-up (scaled 1:1 in active length) for STEAM has been 
conceived. The design phase has been supported by a thermal-hydraulic analyses using the SYS-TH code 
RELAP5/Mod3.3. A preliminary qualification activity of the code on the basis of the B&W OTSG of Three 
Miles Island (TMI) data [19][20] has been performed, proving the suitability of the code for the purposes 
of the design activity. The BB OTSG and the final layout of the STEAM mock-up are depicted in Figure 2. 
 

 
Figure 2. BB OTSG (left) and STEAM OTSG mock-up (right)  
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Referring to the STEAM OTSG mock-up on the primary side, the water enters from the top through an 
upper inlet nozzle and it flows in an upper plenum, from which it is distributed inside the tube bundle (tubes 
side), composed by 37 tubes arranged with a triangular pitch in a hexagonal shell. After the passage through 
the tube bundle, the cooled water is collected in the lower plenum, and it exits through the lower outlet 
nozzle. On the secondary side, the water enters from an inlet nozzle, where it is mixed with riser-spilled 
steam, and it flows downward through an external DownComer (DC). Once reached the lower part, the 
water enters in the riser region and it flows upward across the shell side of the tube bundle, where the 
vaporization occurs. After the passage through the riser, the steam produced exits through the outlet nozzle. 
 
The design phase has been supported by thermal hydraulic analyses performed with the SYS-TH code 
RELAP5/Mod3.3, leading to the assumption of the following geometrical distortions in the model: 

- realization of one external downcomer replacing the annular integrated configuration, which would 
have led to manufacturing issues, with consequent variation of the downcomer hydraulic diameter; 

- the BB OTSG water ports connecting downcomer and riser have been substituted with two 
commercial external pipes of 2 ½” Sch. 80, since their sum approximates the downcomer scaled 
flow area. The same constructive choice has been adopted for the steam ports; 

- replacement of the circular aspirator port region with one external pipe; 
- hexagonal shaping of the riser in order to reduce the by-pass effect and uniform the outlet 

temperature of the sub-channels; 
- realization of a single primary side cold leg instead of two (as in DEMO BZ PHTS); 
- the steam DC dead zone (pipe 314 in Figure 3) is neglected, since the outlet steam exiting from the 

tube bundle directly enters into the external steam DC. This modification does not affect 
significantly the results; 

- the shroud thickness has been increased accordingly to the enhanced pressure difference to which 
it has to withstand in the case of external DC (i.e., 6.4 MPa); 

- the plena dimension is reduced not only by the scaling of the areas but also by eliminating the 
annular region between shroud and shell. Therefore, instead of spherical plena, STEAM is 
characterized by cylindrical plena, whose dimensions have not been scaled, since diameter and 
height are assumed to be equal to the shell internal diameter; 

- the dimensions of the inlet and outlet nozzles have not been scaled from the BZ ones, but they have 
been assumed to be equal to the STEAM commercial pipelines (i.e., 5” Sch. 160 for primary side 
inlet and outlet nozzles; 1 ½” Sch. STD and 3 ½” Sch. STD for secondary side feedwater inlet and 
steam outlet nozzles respectively); 

- elimination of the orifice plate even if maintaining the concentrated loss coefficient. 
 
Nodalizations of both BB and STEAM OTSG are reported in Figure 3. The BB and STEAM OTSG main 
features are summarized in Table II. From the comparison of Table II it can be noticed that each parameter 
has been correctly scaled, except for the hydraulic diameter: 

- the downcomer hydraulic diameter is inevitably modified by adopting an external tube; 
- the bundle hydraulic diameter is affected by both the tubes and the hexagonal shell perimeters: 

when reducing the scale from the BB, the weight of the latter, which is not scaled, increases, 
resulting in a distortion. 

The influence of the hexagonal shell internal perimeter disappears in the heated diameter, which is therefore 
preserved. 
STEAM T/H conditions (pressures and temperatures) are assumed to be equal to the ones of DEMO WCLL 
BB PHTS OTSGs at Beginning of Life (BoL), while the primary mass flow rate derives from the energy 
balance considering a reference power of 3.1 MW. The secondary side mass flow rate is instead determined 
by a control system which regulates its value in order to obtain the correct primary side outlet temperature. 
The RELAP5 boundary conditions are listed in Table III. 
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Figure 3. BZ and STEAM RELAP5/Mod3.3 nodalization 
 
 

Table II. Comparison between BB and STEAM scaled-down OTSG geometrical features 
 

Parameter Unit BB STEAM Rel. factor 
Active Length m 12.98 12.98 1:1 

Tube O.D. mm 15.875 15.875 1:1 
Tube Thickness mm 0.8636 0.8636 1:1 

p/D - 1.4 1.4 1:1 
Lattice - Triangular Triangular / 

Tube number - 5696 37 1:154 
Recirculation window elevation 

(from the lower TS) m 8.72 8.72 1:1 

PS Flow Area m2 0.8954 0.0058 1:154 
PS Hyd. (Heat.) Diam. mm 14.147 14.147 1:1 

Shell I.D/Hexagonal flat-to-flat m 1.82 0.1397 1:13 
Riser Flow Area m2 1.4756 0.0096 1:154 
Riser Hyd. Diam. mm 20.37 16.46 1:1.24 
Riser Heat. Diam. mm 20.78 20.78 1:1 

Downcomer Flow Area m2 0.87 0.0056 1:154 
Downcomer Hydr. Diam mm 274.73 84.65 1:3.25 
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Table III. Comparison of the BB and STEAM OTSGs T/H input data (B.C.s) 
 

Parameter Unit BB  STEAM  
Primary Side 

Inlet Temperature °C 328 328 
Reference pressure MPa 15.5 15.5 

Mass flow rate kg/s 2469.5 16.05 
Secondary Side 

Inlet Temperature °C 238 238 
Steam line pressure MPa 64.1 64.1 

Mass flow rate* kg/s 252.9 1.64 
* SS mfr is not properly a B.C. (it is regulated by a control system) 

 
4. RELAP5/MOD3.3 COMPARISON OF BB AND STEAM OTSG 
 
RELAP5 results are collected in Table IV and from Figure 4 to Figure 10. It can be observed that both in 
BZ OTSG and STEAM mock-up, starting from the shroud bottom, as feedwater is converted to superheated 
steam, three heat transfer regions can be identified in the OTSG secondary side (see also Figure 7): 

- Nucleate Boiling Region (NBR): small bubbles formation enhancing turbulences and Heat Transfer 
Coefficient (HTC); 

- Film Boiling Region (FBR): steam on the tube internal surface sharply reduces the HTC; 
- SuperHeating Region (SHR): superheated secondary fluid lowers the HTC. 

 
From Table IV it can be noticed that neither heat losses nor mass inventory result to be correctly scaled: 

- heat losses increment is due to the higher surface/volume ratio (external DC exposes also the riser); 
- as regard the primary side mass inventory, plena and tubesheet inventories are lower with respect 

to the scaled value, since they have been reduced during the scaling. As concern the secondary side, 
distortions in the feedwater downcomer are due to the higher liquid level and to the presence of the 
little feedwater pipes that connect downcomer to riser. Steam downcomer distortions are linked to 
the fact that STEAM has not a dead zone, but it has little steam pipes. Eliminating these 
contributions, the steam downcomer mass inventory results to be correctly scaled. 

 
Table IV. RELAP5 results for the BB OTSG and the STEAM mock-up 

 

Parameter Unit BB STEAM Relative 
Factor 

Exchanged Power MW 477 3.1 1:154 
Heat Losses kW 17.4 7.2 1:2 

Prim. Side Temp. Outlet °C 295.0 295.0 / 
Sec. Side Temp. Outlet °C 312.3 314.3 / 
Feedwater Mass Flow kg/s 252.9 1.64 1:154 

Sec. Side Rec. Mass Flow kg/s 31.5 0.227 1:139 
Riser Level m 1.91 1.9 / 

Downcomer Level m 3.42 4.8 / 
Prim. Side PDs kPa 127.3 94.9 / 
Sec. Side PDs kPa 162.2 208.3 / 

Prim. Side Water Mass kg 11073 57.51 1:193 
Sec. Side Water Mass  kg 5342 41.3 1:129 
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Figure 4. Comparison between BB 477 MW and 

STEAM 3.1 MW: PS liquid velocity profile 
Figure 5. Comparison between BB 477 MW and 

STEAM3.1 MW: PS HTC profile 
 

  
Figure 6. Comparison between BB 477 MW 

and STEAM 3.1 MW: SS steam velocity profile 
Figure 7. Comparison between BB 477 MW and 

STEAM 3.1 MW: SS HTC profile 
 

  
Figure 8. Comparison between BB 477 MW 

and STEAM 3.1 MW: SS void fraction profile 
Figure 9. Comparison between BB 477 MW and 

STEAM 3.1 MW: SS static quality profile 
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Figure 10. Comparison between BB 477 MW and STEAM 3.1 MW: DC void fraction profile 

 
4.1. Analysis of the External Downcomer Main Distortions 
 
Results from Figure 4 to Figure 10 show that the two compared models have the same velocity and HTC 
for both primary and secondary side. Also the void fraction and static quality along the thermal length are 
nearly the same. Differences can be detected in the DC liquid collapsed level (see Table III) and in the void 
fraction axial profile (Figure 10). 
 
The STEAM DC level is higher for two main reasons: 

- no heat transfer occurs between DC and riser, only heat losses are present; 
- higher pressure drops in the recirculating loop due the substitution of the lower ports with the little 

feedwater pipes. 
 
As regards the downcomer void fraction axial profile, with respect to the BB OTSG, STEAM is 
characterized by a slightly lower void fraction in the first 3 m, while sudden reduction linked to the 
condensation of the recirculated vapor is anticipated of roughly one meter. A set of simulations have been 
performed in order to determine the parameter which mostly influences the downcomer behavior, taking 
into account that: 

a) in STEAM configuration there is no more heat exchange between riser and downcomer; 
b) the downcomer heat losses increase since it is an external component completely surrounded by 

the environment; 
c) nor riser or downcomer hydraulic diameter are preserved. 

 
Concerning the heat exchange and heat losses (point a and b), additional analyses have been performed 
introducing an electric wire wounding the downcomer and providing it both the power that it should receive 
from the riser and the excess power that it loses as heat losses being an external component. Small 
differences have been obtained in the results, meaning that this solution is not economically convenient. 
 
Concerning the hydraulic diameter (point c), the following simulations have been performed: 

- STEAM_ris: STEAM riser hydraulic diameter has been set to be equal to the BB one; 
- STEAM_dc: STEAM downcomer hydraulic diameter has been set to be equal to the BB one; 
- STEAM_ris_dc: both STEAM riser and downcomer hydraulic diameter have been set to be equal 

to the BB ones. 
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Results of Figure 12 show that, with respect to the reference configuration (“STEAM” in red), the adoption 
of the BB riser hydraulic diameter (“STEAM_ris” in blue) leads to results more similar to the BB ones 
(“BB” in black). The influence of the BB downcomer hydraulic diameter is higher than the adoption of the 
riser one, while the combination of both the effects leads to a profile very similar to the BB one. 
 

 
Figure 11. Comparison between BB and STEAM different configurations: DC void fraction profile 
 
5. CFD ANALYSES ON THE OTSG PRIMARY SIDE 
 
A numerical CFD investigation has been performed on the primary side of the OTSG component looking 
for the mass flow distribution of the fluid inside the 37 pipes. The CAD model (Figure 12) includes: the 
180° U bend upstream the component, the inlet manifold, the 37 pipes of the bundle, the outlet manifold 
and 200 mm outlet pipe downstream. The CAD model includes only the fluid domain. 
 

  
Figure 12. Sketch of the CAD model adopted for the CFD simulations: whole model (left), detailed 

view of the OTSG inlet region (right) 
 
The mesh developed (Figure 13) is fully structured in all the pipes except the two manifolds where an 
unstructured tetrahedral mesh is adopted. Node inflation is adopted on the walls setting a y+=2 for the first 
node and keeping at least three nodes in the laminar sublayer. The OTSG mesh has 19.9 million nodes and 
21.4 million elements. The CFD code adopted is ANSYS CFX R21.1 [21], water properties have been set 
as constant at 15.5 MPa and 310°C (average water temperature inside the OTSG) while the turbulence 
model adopted is the SST k-omega model [22]. The CFD simulation is a stationary RANS with isothermal 
conditions, a mass flow of 16.05 kg/s is set on the inlet surface while a 0 Pa relative pressure is set on the 
outlet one. Mass flow rate is monitored during the simulation on all the 37 pipes. Full convergence is 
declared when all the residuals are lower than 10-5 and the mass flow monitoring points have reached a 
stable value. 
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Figure 13. Sketch of the mesh developed in the U bend pipe upstream the OTSG (left) and in the 

inlet manifold (right) 
 
About the general results, the pressure drop across the whole model is 40432 Pa, mainly concentrated in 
the tube bundle. The average velocity in the inlet/outlet pipes of the OTSG is 2.445 m/s while the average 
velocity inside the bundle is 3.12 m/s. The velocity contour on a central axial plane highlights the presence 
of a flow deviation in the upstream pipe of the OTSG due to the U bend that gives rise to asymmetric flow 
swirls in the inlet manifold and flow recirculation at the inlet section of one pipe of the bundle. Analyzing 
in detail the mass flow distribution inside the bundle, as monitored in the simulation and fixing an average 
mass flow rate in the pipe of 0.4337 kg/s, some pipes show a flow rate variation of about ± 1 %. In detail, 
based on the pipe nomenclature of Figure 15 (pipe 22 is on the internal side of the curve) and the data 
reported in Table V, pipes 9, 21 and 22 located under the asymmetrical swirl suffer a mass flow reduction 
ranging from 1.36 to 2.37 % while on the opposite side pipe 14, 15, 16 and 32 suffer an increased mas flow 
ranging from 1.13 to 1.46 %. 
 

  
Figure 14 Velocity contour at the inlet section of the 

OTSG, the main phenomena are highlighted 
Figure 15. Nomenclature of the 

OTSG pipes 

 
The mass flow distribution is found to be acceptable for the OTSG design but some geometric sensitivities 
have been performed to optimize the distribution and here briefly summarized: 

 a 500 mm elongation (maximum feasible due to the plant design) of the inlet pipe between the U 
bend and the OTSG to accommodate flow development. This solution did not provide any change 
to the flow distribution because the pipe diameter is about 5’’ and, form the general hydraulic theory 
[23], the hydraulic diameter length needed for flow development ranges is from 200 (2.5 m) to 50 
(6 m) hydraulic diameters; 

 slight elongation of the inlet manifold. This solution gives rise to bigger swirl flow (Figure 16) in 
the manifold and a more turbulent distribution of the flow between them; 

 modification of the U bend radius, increased radius from 500 mm to 750 mm. This solution slightly 
modifies the inlet pipe region to reduce the flow deviation downstream the bend. The results on the 
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mass flow distribution in the bundle (not reported here) show a slight optimization of the mass flow 
distribution in the most affected pipes with a reduction of mass flow deviation in the order of 0.2 
to 0.3 %. Due to the tight space for the OTSG in the facility, the modification does not worth the 
space effort. 

 
Table V. Mass flow distribution among the 37 tubes of the OTSG. Low mass flow pipes in red, high 

mass flow pipes in green 
 

Pipe mfr [kg/s] Δmfr [kg/s] error [%] Pipe mfr [kg/s] Δmfr [kg/s] error [%] 
1 0.4325 -0.0013 0.30 20 0.4337 -0.0001 0.02 
2 0.4327 -0.0011 0.25 21 0.4279 -0.0059 1.36 
3 0.4318 -0.0020 0.46 22 0.4235 -0.0103 2.37 
4 0.4340 0.0002 0.05 23 0.4301 -0.0037 0.85 
5 0.4381 0.0043 1.00 24 0.4336 -0.0002 0.04 
6 0.4351 0.0013 0.30 25 0.4329 -0.0009 0.20 
7 0.4322 -0.0016 0.37 26 0.4347 0.0009 0.21 
8 0.4324 -0.0014 0.32 27 0.4338 0.0000 0.00 
9 0.4237 -0.0101 2.32 28 0.4315 -0.0023 0.53 
10 0.4337 -0.0001 0.02 29 0.4379 0.0041 0.95 
11 0.4333 -0.0005 0.11 30 0.4376 0.0038 0.88 
12 0.4352 0.0014 0.33 31 0.4288 -0.0050 1.15 
13 0.4376 0.0038 0.88 32 0.4387 0.0049 1.13 
14 0.4398 0.0060 1.39 33 0.4370 0.0032 0.74 
15 0.4401 0.0063 1.46 34 0.4300 -0.0038 0.87 
16 0.4399 0.0061 1.41 35 0.4342 0.0004 0.10 
17 0.4381 0.0043 1.00 36 0.4341 0.0003 0.07 
18 0.4351 0.0013 0.30 37 0.4318 -0.0020 0.46 
19 0.4327 -0.0011 0.25     

 

 
Figure 16. Longer manifold solution, velocity contour at the inlet region. Swirl flow is remarkable 

(blue) 

 
 

General Experim
ental Therm

al Hydraulics: I

NURETH-20    August 20–25, 2023, Washington, D.C.� 2245

The STEAM Facility: Design and Analysis



 

 

6. CONCLUSIONS  
 
The present paper describes the main outcomes gathered from the design phase of the OTSG mock-up 
scaled at 3.1 MW of power to be installed and tested in the experimental facility STEAM at the ENEA 
Brasimone R.C. The facility is conceived to pursue the main goal to experimentally validate the WCLL 
DEMO BoP water coolant systems in steady-state tests and operational transients (i.e., pulse-dwell-pulse), 
and, in particular, to demonstrate the SG capability to perform as expected during the power phases of 
DEMO. The first part of the activity has been focalized on the definition of the STEAM OTSG geometry, 
which has been obtained adopting a scaling procedure based on the ‘power to volume’ approach while 
keeping the full length of the DEMO BB OTSG. The thermal-hydraulic comparison of the two steam 
generators has been performed with RELAP5/Mod3.3 system code, by firstly developing a dedicated model 
for each component. Results show that no relevant distortions have been introduced in the scaled system, 
except for the axial void fraction profile in the downcomer region. To further investigate this aspect, a set 
of analyses has been performed, aiming at demonstrating that the deviation is inevitably introduced by the 
different hydraulic diameters characterizing both riser and downcomer. At last, the primary side mass flow 
distribution has been studied with ANSYS CFX code: the obtained mass flow rate distribution among the 
primary side tubes results to be acceptable, since only 8/37 tubes show a mass flow variation higher than 
1%. 
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