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ABSTRACT 

This report documents the efforts to model the conceptual design of the Oak Ridge National Laboratory 
Second Target Station (STS) natural circulation flow loop using the U.S. Nuclear Regulatory 
Commission’s TRACE code. The purpose of the STS is to provide a neutron source to advance materials 
research in a variety of fields. The natural circulation flow loop is one of the proposed designs for 
removing the heat generated within the STS tungsten target during operation.  

The results, summarized in Section 2.1, support the conclusion that the conceptual STS natural circulation 
flow loop design provides sufficient cooling of the tungsten target and exhibits predictable flow behavior, 
provided that certain design features and/or operating conditions are used. In particular, they are as 
follows: 

• A sufficient initial liquid volume fraction is required to avoid dryout of the target flow channels. 

• Inclusion of a pressurizer or bellows volume at the top of the loop is recommended and is capable 
of achieving steady, non-oscillatory flow and temperature conditions at sufficiently high loop 
pressure. 

Section 1 provides a detailed description of the geometry and assumptions used in the model, and  
Section 2 presents the results for the current flow loop design as well as some investigation of potential 
design modifications with the goal of enhancing the thermal hydraulic stability of the loop. 

1. MODEL DESCRIPTION 

1.1 TRACE CAPABILITIES 

The thermal hydraulic systems code TRACE [1] has been widely applied for the modeling of various 
nuclear and non-nuclear flow and heat transfer systems. It is designed to perform best-estimate analyses 
of steady-state and transient scenarios across a broad range of operating conditions. 
 
Features of TRACE relevant to this study include the following: 

• Two-fluid, six-conservation-equation solution formulation (i.e., independent mass, momentum, 
and energy conservation for each phase) 

• Second-order spatial numerical method, giving optimum accuracy for stability calculations 
• Temperature- and pressure-dependent fluid thermophysical properties calculated from built-in 

steam tables 
• All heat transfer coefficients, wall friction factors, and liquid–vapor interface terms calculated 

from built-in correlations 
o Accounts for various single-phase flow regimes (i.e., laminar and turbulent) and two-

phase flow regimes (i.e., bubbly, slug, annular mist) 
o Similar accounting for heat transfer regimes, including single- and two-phase as well as 

pre– and post–critical heat flux  
• Material properties supplied (in this case) by user-defined tables 

 
TRACE has been developed and validated against a broad set of single-effects tests and integral 
experimental tests covering a wide range of single- and two-phase flow and heat transfer phenomena. The 
code has been used extensively for reactor applications as well as for modeling a variety of experimental 
flow loops. 
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Moreover, TRACE has been used frequently in the analysis of thermal hydraulic instabilities, which is 
particularly relevant for this study. This use includes validation of TRACE against real-world instability 
data in experimental flow loops [2] and operating boiling water reactors [3, 4]. TRACE has been 
successful in reproducing the measured flow instabilities and has demonstrated accuracy on par with or 
better than that of other available tools. 

1.2 GEOMETRY 

A diagram of the Oak Ridge National Laboratory Second Target Station (STS) flow loop TRACE model 
is shown in Figure 1. Initial studies (Section 2) were performed without the pressurizer component and 
with only the upper downcomer pipe connected to the condenser for heat removal. Additional studies 
considered the inclusion of the pressurizer as well as taking credit for heat removal from the upper riser 
region, as indicated in the figure. 

 
Figure 1. Diagram of the Second Target Station (STS) flow loop TRACE model. 

1.2.1 Target Flow Channels 

Figure 2 shows the geometric configuration of the TRACE target channel control volumes. Cell number 1 
is the cell at the inlet of the target. The “Length” column gives the full length of each control volume, 
whereas the “DZ” column gives the change in elevation across the control volume. For example, when 
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modeling elbow cells, TRACE assumes that half the cell is horizontal and half is vertical, which explains 
the “DZ” values shown. The two elbow cells were included to account approximately for the form losses 
in the semicircular bend of the physical channels. Their cell lengths were chosen to preserve the true 
elevation gain of 0.068 m from the provided drawings. 
 
Note that the flow area and cell volumes shown here are for a single target channel; a multiplier of 11 is 
applied to this component in the TRACE model to simulate all 11 physical channels in the target. This 
multiplier scales the effective flow area and volume of each cell without changing the hydraulic diameter 
(3.04414E-3 m). 
 
These 11 physical channels include the 7 channels beneath the target and the 2 channels on each side of 
the target, as shown in Figure 3. These 11 channels on the bottom half of the target region turn upward 
and return along the top half of the target region; although in reality the side channels may have slightly 
shorter flow lengths and less elevation change than the bottom/top channels, the TRACE model more 
simply treats all 11 channels as if they were top/bottom channels. 
  

 
Figure 2. Numerical discretization of the TRACE target channels. 
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Figure 3. Cross-cut drawing of the target and flow channels. 

1.2.2 Target Solid Region 

The target solid region is modeled as a 2D slab, as depicted in Figure 4. This includes axial dependence 
(along the length of the flow channels) as well as depth through the tungsten and other materials. The 
TRACE model performs a 2D time-dependent heat conduction calculation in these two dimensions, based 
on the supplied power distribution (discussed below) and material properties (Section 1.2). In the physical 
system, there are 4 side channels that cool the lateral faces of the target, and the remaining 7 channels 
cool the bottom and top faces of the target (Figure 3). However, the TRACE model makes the simplifying 
assumption that all 11 channels are located along the top and bottom faces of the target, such that no 
temperature gradients in the lateral third dimension are modeled. In other words, all 11 channels are 
effectively contributing to the cooling but without requiring a full 3D conduction calculation, which 
TRACE does not support. 
 
The target solid region is divided into 5 uniform axial cells, each 0.0548 m in length, corresponding to the 
cell lengths used in the adjacent fluid channels. This 0.274 m total target length does not include the 
semicircular rounded region on the outer tip of the target (Figure 4). This rounded region, and the 
additional heat transfer length along the curved portion of the channels, is ignored in the TRACE model, 
due to the difficulty of modeling this in the 2D slab geometry. This reduction in the total heat transfer 
surface area is slightly conservative, in terms of overpredicting the average tungsten temperature. 

 
Figure 4. Depiction of the target solid region as modeled in TRACE. 

 
Figure 5 shows the numerical discretization as a function of depth into the slab. Note that although 
TRACE labels the material boundaries here as “radii,” these actually refer to the depth in Cartesian 
coordinates in this case. The outer surfaces of the Inconel-718 regions are connected to the target fluid 
channels so as to provide solid-to-coolant convective heat transfer out of both the bottom and top edges of 
the target solid region. 
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Figure 5. Target solid geometry. 

 
Table 1 shows the axial power distribution used in the tungsten. An axial position of 0 m corresponds to 
the left edge of the green region in Figure 4. The power factors were calculated by analytically integrating 
the polynomial energy deposition distribution depicted in Figure 6 and normalizing to an average of 1.0 
for the five axial regions. At the time of this calculation, it was unknown whether the curve in Figure 6 
accounts for the length of the rounded tungsten section; however, the normalization of the power factors 
ensured that the total tungsten power was exactly 20 kW, so any possible power shape discrepancies 
would be minor and would not appreciably impact the results. 
 

Table 1. Relative power in each axial cell in the target 

Axial interval start 
(m) 

Axial interval stop 
(m) 

Axial interval midpoint 
(m) 

Normalized power factor 

0.0000 0.0548 0.0274 1.930 
0.0548 0.1096 0.0822 1.291 
0.1096 0.1644 0.1370 0.810 
0.1644 0.2192 0.1918 0.541 
0.2192 0.2740 0.2466 0.427 
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Figure 6. Energy deposition distribution used to determine the TRACE axial power factors. 

 

1.2.3 Riser and Downcomer 

The 5.25 m vertical span of the riser was split into two sections: a lower 4.5 m section and an upper  
0.75 m section. This split has no impact on the solution and was done for convenience so as to more 
clearly demarcate where the condenser region (upper 0.75 m) began. The downcomer was split in the 
same manner. 
 
Figures 7 through 11 show the numerical discretization of the riser and downcomer sections. Elbow cells 
were used at the riser inlet and downcomer outlet to properly connect to the horizontal cells of the target 
channel and provide some treatment of form losses. Additional elbows were modeled partway up the 
riser, representing the 90° bends in the real system. The elbow cells and remaining cells were sized to 
give 4.5 m total elevation gain in the lower riser section (4.568 in the lower downcomer, accounting for 
the extra 0.068 m elevation change in the target channels) while generally attempting to keep the length of 
the computational cells to 0.2 m or less. This cell spacing was chosen based on engineering judgment to 
provide sufficiently accurate results for this conceptual design study. 
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Figure 7. Numerical discretization of the lower riser section. 
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Figure 8. Numerical discretization of the upper riser section. 

 

 
Figure 9. Numerical discretization of the upper volume connecting the riser to the downcomer. 
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Figure 10. Numerical discretization of the upper downcomer section. 
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Figure 11. Numerical discretization of the lower downcomer section. 

 

1.2.4 Pressurizer 

The pressurizer, used in some of the analyses, was modeled as a separate component in TRACE for 
convenience. However, in practice, it could be implemented in the design by simply expanding the upper 
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connector region between the riser and downcomer, the goal being to allow a stationary vapor “bubble” to 
remain at the top of the pressurizer volume without being swept downward by the main flow in the loop. 
 
Geometry values selected for this study are given in Figure 12. The total pressurizer volume (i.e.,  
1.173E-3 m3) was chosen as half of the volume of the remaining loop (2.346E-3 m3), as a somewhat 
arbitrary but seemingly reasonable starting point. It is possible that a smaller pressurizer could perform 
suitably well instead, but the impact of pressurizer volume on loop performance has not yet been studied. 
 

 
Figure 12. Numerical discretization of the pressurizer. 

1.2.5 Inner Annulus 

The inner annulus (i.e., condenser) flow region was discretized as shown in Figure 13. 
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Figure 13. Numerical discretization of the lower downcomer section. 

1.2.6 Condenser Solid Region 

A top-down conceptual drawing of the condenser and inner annulus geometry was provided for this work 
and is shown in Figure 14. The red region in the figure is the downcomer flow channel. The thickness of 
the aluminum between the downcomer and inner annulus is 0.75 in. (0.019 m). The riser flow channel is 
not shown in the figure, but it will be drilled into the same billet as the downcomer, with a distance to the 
inner annulus of greater than 0.75 in. Also not shown is the remainder of the billet and surrounding 
structures, which may have some impact on heat conduction as well. 
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Figure 14. Conceptual drawing of the condenser region. 

 
One of two geometric options could have been chosen in TRACE to model the solid condenser region. It 
could have been modeled as a 2D slab (axial- and “radial”-dependent) with the downcomer on one side 
and the inner annulus on the other side. Alternatively, it could have been modeled as a 2D cylindrical 
shell with the downcomer on the interior of the cylindrical shell and the secondary inner annulus flow 
modeled as the exterior of the cylindrical shell.  
 
Neither approach is fully representative of the geometry shown in Figure 14. Ideally, a 2D or 3D finite 
element code such as COMSOL or STAR-CCM+ would be used to model the exact geometry and 
accurately calculate the effective thermal conductance between the two flow regions under representative 
operating conditions, which could then be used to tune the TRACE geometric representation and/or apply 
appropriate scaling multipliers to the TRACE heat transfer coefficients, to match the COMSOL 
predictions. 
 
However, for the current work, the condenser geometry was approximated with the 2D cylindrical shell 
approach. An axial condenser length of 0.75 m was used, split into five cells of 0.15 m each and 
connected to the uppermost five cells of the downcomer. The radial geometry of the condenser solid 
region is shown in Figure 15. The inner radius was set to the true radius of the downcomer channel; this 
was done to preserve the correct heated perimeter in that region. A shell thickness of 0.019 m was used, 
matching the closest distance between the downcomer and inner annulus in the real system. The largest 
room for error in this method is in the way the heated perimeter of the secondary annulus is represented. 
The current TRACE model sets this to the circumference of the outer shell (with radius of 0.027 m). 
Additional work could be done to examine the acceptability of this approach. Note, however, that most 
results in this report only model the heat transfer from the downcomer to the secondary side, ignoring any 
additional heat transfer from the riser. 
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Figure 15. Condenser solid region radial geometry. 

1.2.7 Hydraulic Diameters 

Hydraulic diameters for each region are shown in Table 2. 
 

Table 2. Hydraulic diameters 

Component Hydraulic diameter (m) 
Target channels 0.003044 

Riser (both sections) 0.015875 
Upper connector 0.038100 

 
Downcomer (both sections) 0.038100 

 
Inner annulus 0.006350 

 

1.3 MATERIAL PROPERTIES 

The target and condenser materials were assigned constant (i.e., non–temperature-dependent) values, as 
shown in Table 3, roughly corresponding to the temperatures observed for this problem (roughly 650 K or 
less). 
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Table 3. Material properties used in the TRACE model. 

  Tungsten Copper Inconel-718 Aluminum 
Specific Heat (J/kg ∙ K) 130 [5] 390 [5] 435 [6] 910 [5] 

Density (kg/m3) 19600 [7] 8940 [7] 8190 [6] 2712 [7] 
Conductivity (W/m ∙ K) 84 * 392 [8] 11.4 [6] 240 [8] 

* Tungsten conductivity of 84 W/m ∙ K was provided specifically for STS 
 
A surface roughness of 2 microns was used for all fluid surfaces in the model, which impacts the friction 
factors calculated internally by TRACE. 

1.4 OPERATING CONDITIONS 

1.4.1 Inner Annulus 

A fixed inlet flow rate of 0.449 kg/s, inlet temperature of 35 °C, and outlet pressure of 101.3 kPa were 
used for the inner annulus channel. 

1.4.2 Target Energy Deposition 

Although a time-dependent energy deposition is applied to the target in reality, the TRACE model 
assumes a fixed, steady 20 kW power deposition in the target—or 10 kW for some sensitivity studies—
for the full duration of the simulation. 
 
In the real system, some beam energy is deposited directly in the coolant; this deposition was ignored in 
the current TRACE calculation, although TRACE is capable of modeling it in the future if desired. In the 
present calculation, the full beam energy deposition is applied to the target itself. 

1.4.3 Initial Fluid Conditions 

Initial conditions of 101.3 kPa and 100 °C were set throughout the primary loop. Initial vapor void 
fractions were adjusted on a case-by-case basis to adjust the initial loop-averaged liquid volume 
fraction—or, relatedly, the initial mass charge of water in the loop—in each simulation. For example, an 
initial 84% liquid volume was achieved by setting an initial 100% vapor void fraction in the top 0.75 m of 
the riser and downcomer, 100% void fraction in the upper connector region, and 0% void everywhere 
else. Lower initial liquid volumes were achieved by setting additional riser and downcomer cells to 100% 
void at decreasing elevations.  
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2. ANALYSIS RESULTS 

2.1 RESULTS SUMMARY 

The main results obtained in this study are summarized in Table 4 and Table 5. Results are given both 
with and without riser-to-condenser heat transfer. Downcomer-to-condenser heat transfer is always 
included. This is intended to encapsulate uncertainties in how the condenser region is modeled and to 
highlight the degree to which the condenser design impacts the loop performance.  
 
With no pressurizer or bellows, the two-phase natural circulation flow was found to be oscillatory in all 
cases. For initial liquid volume fractions of at least 50%, acceptable tungsten temperatures were observed  
(i.e., 620 K or less) with very small temperature fluctuation even in the presence of flow oscillations. The 
fluid temperature and pressure oscillations could pose long-term issues in terms of cycling and fatigue; 
future analysis would be needed to understand their impact and, if necessary, to mitigate the 
consequences through design changes. 
 
The TRACE analyses show that, alternatively, oscillations can be avoided by including either a 
pressurizer volume or bellows. Non-oscillatory, single-phase natural circulation conditions were achieved 
with sufficiently high loop pressure: 0.6 or 1.8 MPa, depending on the condenser heat transfer modeling 
assumption. The pressurizer and bellows approaches were found to be essentially equivalent from a loop 
thermal and flow perspective, provided that they are capable of facilitating the loop pressure levels 
mentioned above. 
 

Table 4. Summary of results (no riser-to-condenser heat transfer) 

Pressurizer Type Initial Liquid Frac. Steady State Results 
Tungsten Hotspot 

Temperature 
Fluid Temperature 

(Target Outlet) 
Loop Pressure 

No Pressurizer 
84% 620 K 388 ± 20 K 1.25 ± 0.5 MPa 
50% 600 K 450 ± 25 K 0.6 ± 0.5 MPa 
20% 2600 K 425 ± 25 K 0.5 ± 0.25 MPa 

Pressurizer 97% 645 K 477 ± 5 K 1.9 ± 0.05 MPa 
Bellows 100% 648 K 480 K 2 MPa 

 
 

Table 5. Summary of results (including riser-to-condenser heat transfer) 

Pressurizer Type Initial Liquid Frac. Steady State Results 
Tungsten Hotspot 

Temperature 
Fluid Temperature 

(Target Outlet) 
Loop Pressure 

No Pressurizer 84% 592 K 400 ± 30 K 0.6 ± 0.4 MPa 
Bellows 100% 625 K 428 K 1 MPa 

 
The following sections provide the detailed results supporting the conclusions given above. 
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2.2 RESULTS WITH NO PRESSURIZER 

For the current STS flow loop design with no added pressurizer volume, cases were run with several 
different initial liquid fractions: 20%, 50%, 84%, and 95% (as a fraction of the total loop volume). The 
initial fluid pressure was 101.3 kPa. Each case was run at 20 kW power. 

The 20%, 50%, and 84% initial liquid cases were predicted to be oscillatory. Results for the 84% initial 
liquid case are shown in Figure 16 and Figure 17. The flow exhibits behavior consistent with density-
wave oscillations, in which  low-density (high void fraction) “waves” travel throughout the loop in a 
periodic fashion. Similar behavior has been observed in real-world two-phase natural circulation flow 
loops and in operating boiling water reactors. This type of instability is caused by complex interactions 
among flow rate, frictional and gravitational pressure drop, and convective/boiling heat transfer.  

Additional no-pressurizer cases were run that included riser-to-condenser heat transfer (i.e., instead of 
downcomer-to-condenser only). The results were unstable in a similar fashion, although typically at lower 
pressure. For example, with 84% initial liquid, the final oscillatory pressure level fluctuated between ~0.2 
to 1.0 MPa, compared to ~0.7 to 1.8 MPa in Figure 16. 

Although design changes could potentially lead to non-oscillatory conditions in the current two-phase 
(no-pressurizer) configuration, the most reliable way to avoid oscillations in this loop was found to be the 
inclusion of a pressurizer or bellows volume and allowing for single-phase oscillation conditions, as 
shown in subsequent sections. 
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Figure 16. Results with 84% initial liquid fraction, showing the pressure (top left), mass flow rate (top right), 
and liquid temperature (bottom left) in the target region cells, and peak tungsten temperature in the target 

(bottom right). 
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Figure 17. Void fraction in the loop at a snapshot during the stable oscillations. 
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2.3 RESULTS WITH PRESSURIZER 

An additional study was performed to examine the impact of adding a pressurizer volume, the geometry 
of which is described in Section 1.1.4. The pressurizer volume of 1.173E-3 m3—that is, 50% of the 
volume of the remainder of the loop—was somewhat arbitrarily chosen; further study could be done to 
determine whether a smaller pressurizer volume would be sufficient instead. 
 
Cases were run at various initial liquid fractions. The most stable cases were obtained with very high 
initial liquid fractions, such as the 97% initial liquid case shown in Figure 18 and Figure 19. The reason is 
because single-phase natural circulation flow is the most stable flow configuration, but this single-phase 
flow condition was achieved only at quite high pressure levels (~2 MPa): this pressure is a function of the 
condenser heat transfer capacity, as shown in Section 2.4. At lower pressures, or when using lower initial 
liquid volume, boiling occurred within the loop and promoted less stable behavior. Note that even though 
the initial liquid fraction was very high (i.e., an initial liquid level of 0.45 m in the 0.5 m pressurizer), the 
amount of liquid actually decreased as the loop heated up, resulting in a reduction of the pressurizer liquid 
level down to ~0.3 m at steady state. 
 
It is possible that changing the size of the pressurizer could lessen the required initial liquid fraction, but 
that effect has not yet been studied. Also, it is important to note that the condenser heat transfer capacity 
has a strong effect on the pressure, and presumably the initial liquid fraction, required for single-phase 
natural circulation. This effect is demonstrated in the next section with the “Bellows” approach, due to the 
greater simplicity of modeling compared to that of the pressurizer case.  
 
 

 
Figure 18. Final steady-state void fraction distribution in the pressurizer case with 97% initial liquid fraction. 
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Figure 19. Pressurizer case with 97% initial liquid, including the target region pressure (top left), mass flow 
rate (top right), liquid temperature (mid left), and peak tungsten temperature (mid right), and pressurizer 

liquid level (bottom). 
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2.4 RESULTS WITH BELLOWS 

An additional case was performed to assess the feasibility of using an expandable volume at the top of the 
loop, by means of a bellows or flexible bladder, for example, to allow the liquid in the loop to expand 
freely. This serves a similar function as the vapor volume at the top of the pressurizer: as a means of 
accommodating liquid density decrease as the liquid heats up, but the bellows concept would accomplish 
this purpose without any significant amount of vapor or gases within the closed loop. 
 
TRACE does not have the ability to model volumes that change in size over time, which would be 
necessary to model this approach directly. However, a simplifying assumption was made that the bellows 
volume is infinitely flexible and expandable, with a negligible “spring” force or compressive force 
applied by the bellows onto the fluid. 
 
Under these conditions, the pressure in the loop would remain fixed, equal to the pressure outside of the 
bellows. This allows the bellows to be modeled in TRACE simply as a fixed-pressure boundary 
condition, applied at the upper connector volume. Although the bellows region is not explicitly modeled 
in this approach, it will functionally behave the same in the TRACE simulation. (Fluid is allowed to flow 
from the loop into the implied bellows region, or vice versa.) 
 
Note that atmospheric loop pressure could be achieved by exposing the bellows to ambient air; higher 
loop pressures could be achieved by encasing the bellows in a volume of air that is pressurized to a 
desired level. Alternatively, one could keep the bellows exposed to ambient air but account for the 
compressive force of the bellows onto the fluid, with the “stiffness” of the bellows chosen to achieve a 
desired loop pressure. The TRACE model, however, ignores such complexity and simply assumes a fixed 
pressure for this scoping study. 
 
An initial case was run at 101.3 kPa (1 atm). At this pressure, the cooling ability of the fluid was 
insufficient to maintain acceptable target temperatures: runaway temperatures far exceeding 600 °C were 
observed and were caused by dryout and blanketing of the target channel surfaces with steam. Due to the 
infeasibility of that case, additional cases were run at higher loop pressures. A case at 2 MPa was 
attempted first because it approximates the pressure that was found to produce stable single-phase natural 
circulation in the pressurizer cases described above (Figure 19). As shown in Figure 20, this fixed 
pressure level resulted in stable behavior once again for the bellows case, with similar flow rates and 
temperatures as those observed in that case. 
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Figure 20. Bellows case results at 2 MPa, including the target region pressure (top left), mass flow rate (top 

right), liquid temperature (bottom left), and peak tungsten temperature (bottom right). 

 
However, a fixed pressure of 1 MPa was found to produce oscillations, as shown in Figure 21. At this 
lower pressure, boiling occurred in the loop, which led to flow instability. Additional cases were run (not 
shown), and it was found that all cases above ~1.8 MPa were steady (i.e., non-oscillatory), and all cases 
below 1.8 MPa were oscillatory. 
 
The same scenario was repeated with riser-to-condenser heat transfer added in (in addition to downcomer-
to-condenser heat transfer). The results shown in Figure 21 and Figure 22 indicate that the system was 
stable for pressures of approximately 0.6 MPa and above; the improved condenser heat transfer allows the 
loop flow to remain single-phase while operating at these lower pressures. 
 
Although the pressurizer case was not explicitly run with the riser-to-condenser heat transfer enabled, it is 
assumed that a similar stable operating condition near 0.6 MPa could be achieved using that approach as 
well, since the pressurizer and bellows approaches appear to behave similarly. 
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Figure 21. Bellows case results at 1 MPa, including the target region pressure (top left), mass flow rate (top 

right), liquid temperature (bottom left), and peak tungsten temperature (bottom right). 
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Figure 22. Bellows case results at 1 MPa after adding riser-to-condenser heat transfer; shown are the target 

region pressure (top left), mass flow rate (top right), liquid temperature (bottom left), and peak tungsten 
temperature (bottom right). 

 

2.5 POSSIBLE ADDITIONAL DESIGN CHANGES TO CONSIDER 

The following are additional design changes that could potentially improve the stability of the system. 
Note that based on further consideration, some of these changes may not be attainable based on existing 
design constraints but are mentioned here for completeness. 
 

• Decreasing the loop friction losses, by decreasing form friction losses and/or increasing the 
hydraulic diameters of the flow path, promotes stability. Previous two-phase natural circulation 
experiments have found this to be the case [9, 10]. However, the loop may already have the 
largest hydraulic diameters and minimum form losses possible given the design constraints. 

• Increasing the overall heat conductance (i.e., heat transfer capability) of the condenser by 
increasing the heated surface area or by other means will allow lower fluid temperatures and/or 
lower loop pressure at the given power level. This should allow for a lower vapor void fraction to 
be achieved while remaining in the desired pressure range, which should promote stability. This 
effect was observed when the riser-to-condenser heat transfer was added to the TRACE model 
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(Section 2.1 and 2.2) but should also be observable if the condenser length is increased beyond 
0.75 m as well. 

• Changing the overall height of the loop may impact stability. Increased height will increase the 
natural circulation driving head (increasing flow rates), but it could also increase the amount of 
void generation due to flashing (i.e., due to Tsat decreasing as elevation increases). Analysis 
would be required to determine whether increasing or decreasing the loop height would improve 
the stability. 
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