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The Challenge:   

Supercritical carbon dioxide (SCO2) is complex. SCO2 will flow along a temperature gradient and can be self pumping. It is 

inexpensive and readily available. Its heat transfer characteristics are not well understood. To quantitatively characterize 

SCO2 behavior a unique multi-component test stand was required. 

 

The Solution: 
Utilize VI Server, sub-panels and customized XControls to developed an intuitive user interface that supports graphically 

drilling down into the virtual system to “see” the temperature gradients while monitoring the behavior of all parameters. 

 

Abstract: 

An application was developed that presented a graphical representation of the physical system utilizing color ramps to 

represent the temperature gradients measured across devices and allowed the screen presentation to be customized depending 

on the parts of the system currently under examination. As the research focus shifted, the user interface quickly adapted to 

new needs. Sub-panels and custom XControls were utilized to achieve this adaptability. 

 

Introduction 

Minimizing the cost of electrical generation in the next generation nuclear reactors has led researchers to investigate using 
closed loop thermodynamic cycles with the most mature being the helium Brayton cycle. The high discharge temperature of 

super critical helium presents challenges. 

“The principal advantage of a supercritical CO2 Brayton cycle is its reduced 
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compression work compared to an ideal gas such as helium: about 30% of gross power 

turbine output vs. 45% or so. This also permits the simplification of use of a single 

 
compressor without inter-cooling stages. The requisite high pressure (~20 MPa) also 

confers the benefit of more compact heat exchangers and turbines. Finally, CO2 requires 

significantly fewer turbine and compressor stages than helium, its principal competitor 
for nuclear gas turbine service.“ [V. Dostal, 2004] 

 

The application shown in Figures 1 and 2 was developed to control and monitor a test stand built to study the behavior and 

characteristics of SCO2 as well as it effects on materials after long term use. The remainder of this document describes how 

the application was implemented and how it was used. 

 

 
Figure 1. Undocked GUI Uses Color Ramps to Illustrate Temperature Gradients. 
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Figure 2. System Overview Screen Allows User to See Current State of Test Stand. 

 

Supercritical CO2 Test Stand Overview 

The Overview screen (Figure 3) illustrates graphically the test stand used to perform the required tests. The screen 

layout was designed to provide a high level coherence between the display and the actual hardware configuration. 

The current values of all the monitored parameters are displayed near where the compressor without inter-cooling 
stages. The requisite high pressure (~20 MPa) also 

confers the benefit of more compact heat exchangers and turbines. Finally, CO2 requires 

significantly fewer turbine and compressor stages than helium, its principal competitor 

for nuclear gas turbine service.“ [V. Dostal, 2004] 

 

The application shown in Figures 1 and 2 was developed to control and monitor a test stand built to study the behavior and 

characteristics of SCO2 as well as it effects on materials after long term use. The remainder of this document describes how 

the application was implemented and how it was used. 
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Figure 1. Undocked GUI Uses Color Ramps to Illustrate Temperature Gradients. 

 

 
Figure 2. System Overview Screen Allows User to See Current State of Test Stand. 

 

Supercritical CO2 Test Stand Overview 

The Overview screen (Figure 3) illustrates graphically the test stand used to perform the required tests. The screen layout was 
designed to provide a high level coherence between the display and the actual hardware configuration. The current values of 

all the monitored parameters are displayed near where the measurements are made. Since temperature is a critical factor in 

the safe operation of the stand, a color scale was implemented to show “at a glance” the operating temperature of all heaters, 

piping and heat exchangers with the coldest temperatures illustrated using dark blue and the highest temperatures in red. A 

custom XControl was developed to produce the color gradients across the heat exchangers and through the heaters. 
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Figure 3. Main Screen Allows Monitoring of Entire System and Access to Manual and Automatic Controls. 

 

The overall screen design was implemented to allow access to all user controls (see bottom of Figure 3) as well as the 

emergency heater stop buttons (H-Stop). The top region of the screen allows selecting from a set of detail views for each of 

the major sub-systems that comprise the test stand. The various detail views are accessed by clicking the appropriate tab 

selector at the top of the screen. The available subsystem views render the hardware as shown in the Overview but also 

include charts of the parameters associated with each subsystem. The available subsystem views are 

 Heat Exchanger 

 Pumping Parameters 

 Pressure Plots 

 Heater Parameters 

 Cooling Plots 

 Fill Monitor 

 Configuration and PID Settings 

 

 

Functional Subsystem Detail Views 

Four of the detail views as well as the Overview are illustrated in Figure 4. In each of these views the hardware subsystem is 

duplicated from the Overview to help distinguish it from the other screens. The screens in Figure 4 show (starting at the top-

middle and working clock-wise) the Overview, Cooling Plots, Heat Exchanger, Pumping Parameters and Heater Parameters 

detail tabs.  In addition to replicating the view of the hardware subsections, the corresponding parameters are updated to 

allow examination of the system response to changes.  
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Figure 4. Detailed Views Show Charts of Parameters Associated with Each Subsystem. 

 

Although robust and detailed, each of the views shown above suffered from two short-comings: 

1. Each of the views is mutually exclusive in that only one of the detailed screens can be viewed at any time. The “one-

screen at a time” issue would have presented a challenge when first attempting to start-up the system because all of 

the test stand’s sub-systems were unproven and their operation was also unknown.  

2. The small charts (smallest in the Heater Parameters tab at the 10:00 o’clock position of Figure 4) have details that 

are difficult to see.  
Both of these challenges were addressed using “undocking”. 

 

 

 

 



              
 

              
  © Copyright, Data Science Automation, Inc.  All Rights Reserved.      Page 7 of 10 
      

 

Undocking 
 
“Undocking” is the term used to describe the process of removing a portion of the graphical user interface (GUI) from its 

location in the GUI and opening it as a separate floating window as shown in Figure 5. Once a screen is undocked, the 

windows can be arranged on the screen to suit the current requirements. As focus moved between subsystems, the screen 

layout was adapted. Undocking is accomplished by clicking the “Undock” button located at the top left corner of all of the 
subsystems screens (Figure 6). 

 
Figure 5. Undocking the Overview Screen. 

 

 

 
Figure 6. Undock Button Will Undock the Screen. 
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Figure 7 shows the top left region of the Overview tab with the Overview screen undocked. The area where the Overview 

was located when it was docked is grayed-out to clearly illustrate the screen is undocked and is further enunciated by the red 

text indicating “This is a Floating Window”. The grayed out image also helps the user recognize the tabs in the main 

application without having to determine which tab was selected and the label for that tab. 

 

 
Figure 7. The Overview Tab Screen When Undocked. 

 

Located in the top left corner of the undocked region there are two buttons that appear when the region is undocked. The 

“Dock” button will return the floating window to it original location. The “Find” button is used when many of the GUI 

regions are undocked. Regardless of being minimized or simply behind other screens, when the “Find” button is clicked the 

screen for the associated undocked screen will be shown and brought to the front of the screen. The undocking functionality 

was not limited to only the tabs but was extended to allow each of the graphs in the Heater Parameters view to be undocked 

individually thereby providing a “drill-down” behavior as shown in Figures 8 and 9. 

 

 
Figure 8. Nested Undocking Allows Drilling Down Into the Details of the Heater Parameters Screen. 



              
 

              
  © Copyright, Data Science Automation, Inc.  All Rights Reserved.      Page 9 of 10 
      

 

 
Figure 9. Undocked Charts Can be Re-sized for Easy Reading. 

 

The ability to drill down and re-size the charts allowed the application to adapt to meet the needs of the researcher. Due to the 

large number of unknown factors involved in the investigation, the researchers that would be using the application could not 

predict how the system would react through any phase of operation. The ability to undock, re-size and drill down allowed 

GUI modification that would otherwise require a software change. 

 

Color Ramps 

Temperature gradients are present at many locations in the test stand. The steepness of the gradient is generally illustrated 
using graphs of temperature versus position. The complexity of the test stand would demand twenty-one graphs of 

temperature versus position and would obscure the Overview screen. Since the Overview and other sub-system screens 

already had an unscaled displacement between the input and output of the heaters and heat exchangers, the color ramp was 

developed to visually illustrate the temperature gradients without requiring additional screen space for graphs (Figure 10). 
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Figure 10. Color Ramps Used a Custom XControl to Illustrate Temperature Gradients. 

 

The color ramps were implemented using XControl technology to simplify the application development. A properly 

developed XControl can be used throughout an application and can be re-sized to fit the display requirements. In this 

application the requirements of the color ramp were limited to only those functions that were required. The minimal 

requirements demanded the following functionality. 

 Resizable – Allowed fitting to the graphics. 

 Color mapping – Method allows defining the temperature to color translation. 

 High-Low data type – All gradients are defined by a high and a low value. 

 

 

Summary 
The challenges of trying to enunciate the plethora of measurements in a complex system were addressed using the power and 

flexibility of the features available in LabVIEW. Sub-panels and VI server facilitated undocking which gives the operator the 

ability to customize their environment. XControls allowed color ramp indicators which communicate the same information 

found in a graph without obscuring the GUI of the test stand. 
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