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Abstract 

A self-launch sailplane is an aircraft equipped with a retractable engine/propeller combination 

which can take-off on its own power. The engine can also be used to extend flights if necessary. 

The engine-driven propeller is mounted on a pylon and can be deployed from the engine bay 

as needed.  

 

A new self-launch system is being developed to be incorporated into a high performance 

sailplane. The radiator plays an integral role to ensure that the engine is adequately cooled. Due 

to limited space in high performance sailplanes, the components of the self-launch system are 

located in close proximity to one another. The influence of the different components on the heat 

transfer capabilities of the radiator needed to be determined.  Experimental tests, as well as 

CFD (Computational Fluid Dynamics) heat transfer and airflow analyses were required to 

understand how these components influence the heat transfer of the radiator. 

 

Experimental tests were completed on a grounded test bench to characterise the radiator of the 

self-launch system, and to determine if the engine could be sufficiently cooled by the radiator. 

The experiments confirmed that the radiator could not deliver satisfactorily cooling to the 

engine. Propeller static thrust, and radiator pressure drop experiments were also performed to 

acquire the necessary data for validation and setup of the simplified CFD simulation.    

 

A CFD analysis was performed to investigate the various phenomena of the self-launch system 

and to acquire a better comprehension of the system. A computationally efficient CFD 

simulation of the self-launch system was created to assist in making improving alterations to 

the heat transfer capabilities of the system. The radiator was simulated as a porous medium, 

and the propeller as a blade element momentum virtual disk. These simplified methods helped 

to reduce the computational power needed for the CFD simulation. 

 

The CFD simulation revealed that the pylon directed airflow away from the radiator, reducing 

the airflow travelling through the radiator. A radiator scoop and a pylon fairing were added to 

the CFD simulation, in an attempt to increase the airflow through the radiator. Both the radiator 

scoop and the pylon fairing increased the airflow through the radiator by an impressive 25% 

and 19% respectively. Additionally, the radiator scoop was designed to be uncomplicated, 

quick and economical to manufacture. It was therefore chosen as the superior concept to be 

used to reduce the engine temperatures in the final experiments. 
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The experiments were repeated with the radiator scoop installed in order to determine the 

improvements made in the heat exchanged by the radiator. It was found that the engine could 

reach its maximum speed of 6000 rpm without overheating. Without the scoop installed, the 

system overheated at 5100 rpm. The scoop forced enough air through the radiator to ensure that 

the engine was adequately cooled when run at full throttle. 

 

All the study’s objectives were met and it proved that CFD can be an effective tool to analyse 

the airflow and heat transfer of a sailplane self-launch system. The study also showed that the 

CFD simulation can be used to improve systems with complex flow phenomena.  
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 INTRODUCTION 

 Background 

A sailplane is a light-weight aircraft designed primarily for unpowered flight. It gains height by 

utilising thermals and thereafter glides to the desired location. Sailplanes are most commonly 

used in the sport of gliding and for some military applications. 

Sailplane manufacturers are in a continuous drive to deliver versatile and high performance 

sailplanes. Several sailplane manufacturers offer an optional engine with a retractable propeller. 

This self-launch system enables the sailplane to take off without any assistance as opposed to 

the conventional way of using a winch or a tow-plane.  

The self-launch systems are designed to be retractable to restore the aerodynamic shape of the 

sailplane. Therefore, after the sailplane has reached the desired height —using the assistance of 

the engine— the self-launch system is retracted.  

The self-launch system also helps to avoid land-outs and make cross-country flights more 

practical. This makes gliding more accessible and is, therefore, becoming increasingly popular 

among the gliding community. Figure 1 shows an example of a sailplane equipped with a self-

launch system.  

 

Figure 1: Example of a retractable self-launching sailplane (HPH, 2018) 

 

To be competitive in the sailplane industry, one needs to shorten the development cycle of a 

sailplane. Virtual computational methods like CFD significantly help to reduce the number of 
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experiments needed to design a sailplane. By reducing the number of experiments needed, the 

design cost of the sailplane can be reduced. 

 

 Components and Kinematics of a Self-Launch System 

A self-launch system consists of many interdependent components. Failure of one of these 

components can result in the failure of the whole self-launch system (Greenwell, 2004). The 

high interdependence between the components makes it challenging to make alterations to a 

self-launch system. Figure 2 shows the main components of a self-launch system.  

 

 

Figure 2: Components of a self-launch system (left). Deployment of the self-launch system (right) 

 

The self-launch system is mounted in the fuselage, behind the cockpit. A linear actuator is used 

to pull the self-launch system out of the fuselage, as seen in Figure 2. The engine bay doors 

open and close automatically as the self-launch system extracts or retract. The propeller is 

driven by a two-stroke engine and connected to the engine by a pulley and belt system.  

 

 Self-Launch Flight Techniques  

There are three main types of powered flight techniques used by self-launching sailplanes 

(Greenwell, 2004). The first technique uses a steady-state cruise, where the pilot is cruising 
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using the engine for the complete duration of the flight. This technique delivers a limited range 

as self-launching sailplanes have small fuel tanks due to space constraints.  

 

The second technique involves the sawtooth flight technique, as displayed in Figure 3. This 

technique of climb consists of using the engine to gain altitude, and then gliding with the engine 

retracted until a thermal or low altitude is reached. When a low altitude is reached, the self-

launch system is started again. This is a very efficient way of flying, and greater distances can 

be covered using this technique (Sachs et al., 2010).  

 

Figure 3: Sawtooth powered flight technique (Greenwell, 2004) 

 

The last type of powered flight techniques consists of only using the self-launch system to avoid 

land outs where the pilot relies on thermals of lift to glide to the desired location.  All three of 

these techniques require the engine to be operated at high rpm which creates a great deal of heat 

which needs to be transferred to the environment by the radiator.  

 

A safe height to attempt to start a self-launch system can be difficult to determine. It depends 

on many factors such as the glide ratio, sink rate, engine reliability, pilot experience, weather 

conditions and geographical locations. According to Greenwell (2004), a safe height to deploy 

a self-launch system is at an altitude of 1500 ft. This altitude gives one enough time to act if 

the engine does not start the first time and to try a few engine restarts. The “windmill” technique 

is an alternative option to attempt to star the engine. However, a high altitude is needed. This 

technique consists of performing a nose dive, where the increased airspeed rotates the propeller 

fast enough to start the engine. When taking off and using a self-launch system, one has to be 

aware of the conditions. The density altitude and the temperature will have a noticeable effect 

on the engine performance.  
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 Effects of Using a Self-Launch System on a Sailplane 

When incorporating a self-launch system into a sailplane design, one has to consider the effects 

it will have on the sailplane. These effects must be taken into account when making changes to 

the existing self-launch system. The most prominent of these effects are discussed below. 

 

When the self-launch system is deployed, it breaks the streamlined shape of the sailplane and 

as a result, increases the drag of the sailplane considerably. The increased drag created by the 

system leads to an increased sink rate of the sailplane. When the engine of the self-launch 

system fails to start in an emergency deployment, it can become dangerous for the pilot when 

at low altitude. A DG-1000T self-launch sailplane’s sink rate almost increases twofold —from 

0.65 m/s to 1.1 m/s— at a speed of 90 km/h, when the self-launcher system is deployed with 

the propeller not running (Flugzeugbau, 2017). A self-launch system must therefore not be 

regarded as a life insurance that will give you the needed thrust to gain lift, as engine failures 

or user errors do occur (Greenwell, 2004). 

 

The position of the propeller from the self-launch systems affects the pitch attitude of the 

sailplane, as seen in Figure 4. This occurs because of the height difference (moment arm) 

between the propeller thrust line and the longitudinal axis of the sailplane (Transportation, 

2015). The interrupted air behind the propeller also decreases elevator effectiveness.    

 

 

Figure 4: Propeller effect on sailplane pitch attitude (Greenwell, 2004) 

 

The centre of gravity of the aircraft affects the longitudinal static stability of the aircraft. An 

aircraft is statically longitudinally stable when it tends to return to its trimmed angle of attack, 

without pilot input, after a disturbance in pitch (Greenwell, 2004). For the sailplane to be stable, 

one has to ensure that the centre of gravity is in front of the centre of lift. This creates a nose-

down force which is balanced out by the horizontal tail, as seen in Figure 5. 
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Figure 5: Centre of gravity influence (U.S. Department of Transportation, 2013) 

When the self-launch system is incorporated into the fuselage, its added weight shifts the centre 

of gravity to the rear. By keeping the distance between the centre of gravity and the self-launch 

system to a minimum, the centre of gravity will not shift too much. If the centre of gravity shifts 

too far to the rear, the centre of lift and centre of gravity will be too close to each other making 

the sailplane unsteady (Figure 6). This will make it difficult to recover from a stall or a spin 

because of insufficient elevator authority (U.S. Department of Transportation, 2013) 

 

Figure 6: Placment of center of gravity too far aft (U.S. Department of Transportation, 2013) 

 

 Safety  

The sport of gliding is fascinating - flying an airplane without an engine - but it can also be a 

dangerous sport. According to a survey done by the Auxiliary-powered Sailplane Association, 

where 47 self-launching sailplane pilots participated in, includes the following the following 

incidents occurred (ASA, 1998): 

 15 extraction/retraction failure of the self-launch system 

 13 engine power loss or engine failure  

 13 unsuccessful engine starts in the air 

 15 windmill engine starts 

  23 landings with the engine out and not running 
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As seen in the incidents above, the probability of encountering a problem when using a self-

launch system does exist.  A failed engine start may occur due to faults in the spark plugs, 

carburettor, starter, low battery voltage, ignition system or wiring. Therefore one must not 

become too dependent on the self-launch system. It should always be deployed at a safe altitude, 

and the pilot should be aware of when to abort trying to start the engine. 

 

To ensure the safety of the pilot and airworthiness of an airplane, several airworthiness code 

came to existence. For this particular sailplane with a self-launch system incorporated, the 

sailplane must adhere to the European Aviation Safety Agency CS-22 airworthiness code. This 

code applies to sailplanes and powered sailplanes where the weights of the sailplanes are 750 

kg or less, has no or only a single engine and a maximum of two occupants (EASA, 2009).  

 

 Problem Definition  

A new self-launch system is being developed to be incorporated into a high-performance 

sailplane. During a self-launch take-off, or in the event of avoiding a land-out, the pilot must 

be able to rely on the engine to gain altitude for safety reasons. A substantial amount of heat is 

generated when the engine is running at high rpm. 

 

 The radiator plays a vital role in the self-launch system to ensure that adequate cooling of the 

engine is obtained. The heat transfer capabilities of the radiator needs to be established, to 

ensure that the radiator could sufficiently cool the engine. The space in the engine bay of the 

high performance sailplane is very limited. Due to space constraints, the components of the 

self-launch system are located in close proximity to one another. The influence of the different 

components on the heat transfer capabilities of the radiator need to be determined. Examples of 

these phenomena include; the effect of the disturbance created by the propeller in the flow-field 

of the radiator, the location of the radiator relative to the pylon and propeller, and the wake 

created by the pylon in front of the radiator.  

 

An in depth airflow and heat transfer analysis was needed to determine the aforementioned 

effects on the heat transfer capabilities of the radiator. To analyse the complex 3D flow effects, 

tool such as CFD codes are required for visualisation and calculation purposes. Finding an 

effective layout for the self-launch system, by blindly making numerous alterations to the 

system requires an excessive amount of experiments to determine the influence of the design 

changes. This process is expensive and time-consuming and does not guarantee a safe nor 

optimal solution. 
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 Goal and Objectives of the Study  

The goal of this study is to analyse and improve the heat transfer of a self-launch sailplane 

radiator using a validated CFD-based airflow and heat transfer analysis. The objectives of this 

study include the following: 

 To determine the heat transfer of the radiator used in the self-launch system, both 

experimentally and by means of numerical simulation. 

 To develop a computationally efficient CFD simulation which can assist in making 

design decisions 

 To validate CFD results with experimental data obtained from a ground test rig 

 To use CFD to analyse the influence of the heat exchange capabilities of the radiator, 

pertaining to the following parameters:  

- The wake of the propeller 

- The position of the radiator 

- The airflow through the radiator 

 To ensure that adequate cooling of the engine is obtained 

 

 Thesis Layout 

Here follows a short description of the chapters included in this study: 

 

1. Introduction: The first section contains background information concerning this 

study, as well as addressing the needs of the study. 

2. Literature Study: In section two, the related research regarding this study has been 

explored. 

3. Experimental Tests: All the experimental test setups are presented, and the results are 

discussed. 

4. CFD Validation and Analysis: Section four concern the validation and analysis of the 

CFD simulation. 

5. Radiator Heat Exchanger Improvements: In section five, different concepts to 

improve the cooling capacity of the radiator are explored.   

6. Conclusion: A conclusion is made concerning the objectives of the study as well as 

recommendations for further work. 
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 LITERATURE STUDY 

The literature survey mainly focuses on research concerning the modelling of heat exchangers 

using CFD. In addition, the fundamental principles concerning heat exchangers, propellers, 

aerodynamics and CFD are also briefly discussed.  

 

 Heat Exchangers  

Heat exchangers are used in almost all engineering applications, ranging from internal 

combustion engines to power stations. To understand how to characterise a radiator, one needs 

to understand the basic principles of a heat exchanger.   

 

2.1.1 Basic Principles of a Heat Exchanger 

A heat exchanger works by separating two fluids at different temperatures, with the aid of a 

solid wall. As a result of the difference in the temperature of the fluids, heat exchange will take 

place (Bergman et al., 2011). The three most common configurations of heat exchangers are 

concentric, shell-and-tube and cross flow. The cross flow configuration is most commonly used 

in the aircraft and automotive industry, due to its high effectiveness (Figure 7). 

 

Figure 7: Cross flow heat exchangers (Bergman et al., 2011) 

 

The heat transfer capabilities of a heat exchanger can be improved by utilising fins. The fins 

increase the effective surface area of the radiator, thus increasing its heat transfer capabilities. 

Compact heat exchangers utilise a large number of fins to increase the surface area per unit 

volume, thus, resulting in a dense array of fins surrounding the tubes of the radiator.  
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When considering to add fins to a radiator, one should take into account the conduction 

resistance added by the fines, as well as the rise in pressure drop over the radiator (Bergman et 

al., 2011). By evaluating the effectiveness of the fins, one can make an informed decision 

whether or not fins should be added to the radiator.  

 

The cooling system used on the self-launch system consists of a compact air-to-liquid heat 

exchanger. The coolant is circulated through the system using a centrifugal pump. The coolant 

in the engine block absorbs the heat discharged by the engine. The hot coolant flows through 

the radiator and heat is transferred to the air. The cold coolant exits the radiator and cools the 

engine as it enters the engine block. The radiator used in the self-launch system has a double 

pass flow configuration and uses high density louvre fins between the coolant tubes (Figure 8). 

 

Figure 8: Double pass radiator used in the self-launch system. 

 

2.1.2 Heat Transfer 

Heat transfer can be described as a process where thermal energy travels from one point to 

another due to the difference in temperatures (Bergman et al., 2011). There are three different 

types of heat transfer, namely convection, conduction and thermal radiation 

 

Convection takes place when a temperature difference exists between a surface and a moving 

fluid. Fluid motion is needed for convection to take place, as only conduction will take place 

when the fluid is static.  Newton’s law of cooling defines convection in equation 1. 

 

                                                  𝑄̇𝑐𝑜𝑛𝑣 = ℎ𝐴𝑠(𝑇𝑠 − 𝑇∞)                                                …1 

Where 𝑄̇conv is the heat transfer rate, ℎ the heat transfer coefficient, 𝐴𝑠 the surface area, 𝑇𝑠 

the temperature of the surface and 𝑇∞ is the temperature of the fluid far away from the surface. 
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Conduction can take place in a solid or fluid that is in a stationary state where a temperature 

difference is present. Fourier’s law describes conduction in equation 2 

 

𝑄̇𝑐𝑜𝑛𝑑 = 𝑘𝐴
𝑑𝑇

𝑑𝑥
                                                              ...2 

 

Where 𝑄̇cond is heat transfer rate, k the thermal conductivity of the material, A is the area of 

the body and  
𝑑𝑇

𝑑𝑥
 is the gradient of the temperature.  

 

Lastly, thermal radiation takes place between any two surfaces that have a difference in 

temperature (Bergman et al., 2011). Electromagnetic waves transfer the heat between the 

surfaces and can take place in a vacuum. 

 

In a radiator, heat transfer mainly takes place through convection and conduction. Convection 

takes place between the airflow and the radiator finned tubes, and also between the tubes and 

moving water within the radiator. Conduction takes place through the metal of the finned tubes 

of the radiator. 

     

An understanding of how energy is transferred between a heat exchanger and a system, is 

provided by the first and second laws of thermodynamics. 

 

The first law of thermodynamics states that the total energy of a system will remain constant 

(Borgnakke & Sonntag, 2010). Changes in the amount of energy of the system can only take 

place if energy crosses the boundaries of the system. These changes in energy can take place 

when work is done by or on the system, as well as when heat transfer takes place through the 

boundaries.      

 

The second law of thermodynamics can be expressed in several ways. The Kelvin-Plack 

statement states; it is impossible to build a device that operates in a thermodynamic cycle, and 

is capable of converting all the heat from a high-temperature body into work (Bergman et al., 

2011). An amount of the heat must be exhausted into the low-temperature body (such as a heat 

exchanger) a certain rate (Figure 9).   
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Figure 9: Second law of thermodynamics (Bergman et al., 2011) 

To determine the heat transfer capabilities of a heat exchanger, one must be able to calculate 

the amount of heat transferred by the heat exchanger. A number of parameters need to be 

measured in order to determine the heat transferred by the heat exchanger. The parameters 

include:  

 Coolant mass flow 

 Inlet and outlet coolant temperatures  

 Air mass flow  

 Inlet and outlet air temperatures  

2.1.3 Modelling Heat Exchangers in CFD 

The geometry of a heat exchanger can contain intricate details which require a highly detailed 

mesh, consisting of a large number of cells. To reduce the computational power required, the 

geometry can be modelled as a simplified porous block region with empirical coefficients that 

describe the viscous and inertial flow characteristics. By measuring the pressure drop across 

the radiator at different velocities, one can obtain these coefficients by fitting a quadratic 

regression curve over the data (CD-Adapco, 2018). The porous inertial resistance as well as 

the viscous resistance is then represented by the coefficients 𝑎 and 𝑏 in equation 3 

∆𝑃 = 𝑎𝑈2 + 𝑏U                                                         ... (3) 

Where ∆𝑃 is the pressure drop over the radiator, 𝑈 the velocity of the air, a the porous resistance 

coefficient and b the viscious porous resistance coefficient . 

 

Star CCM+ has a number of different types of interfaces that can be used to model the transport 

of phenomena between regions in the numerical domain. One of these interfaces is a heat 

exchanger interface that models heat transfer between a hot and cold fluid (CD-Adapco, 2018). 

The heat exchanger interface can consist of a single or dual stream configuration. In the single 

stream configurations, only one fluid is modelled and the second stream is assumed to be at a 

ɳ𝑡ℎ𝑒𝑟𝑚𝑎𝑙  = 1 

  when QH = W 
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uniform temperature. The dual system configuration explicitly models both steams and creates 

a heat transfer interface between the two overlapping regions (Figure 10). 

 

Figure 10: Heat exchanger interface layout (CD-Adapco, 2018) 

 

Heat transfer between the cells, within the heat transfer interface, takes place by adding a local 

energy source or sink term to the fluid energy equation, used by the simulation. Star-CCM+ 

uses a local heat transfer coefficient (UAL) to calculate this local energy source. The UAL can 

be defined in different combinations that uses velocities, mass flow rates and the overall heat 

transfer of the system, which is typically obtained through experimental measurement. 

 

The UAG (heat transfer coefficient) can be defined by varying the cold fluid stream of a 

system for a constant hot fluid stream. The UAG value is then converted into the UAL that 

can be used by the heat exchanger model to transfer heat within the system. 

 

2.1.4 CFD analyses on Heat Exchangers  

A literature review has been done to investigate how heat exchangers are simulated in CFD, 

how experimental tests are done and how different parameters influence the performance of a 

radiator.  

 

Čarija and Franković (2008) did a study on the heat exchange and airflow through a fin-and-

tube heat exchanger. The characteristics of the radiators were compared with different fin 

configurations. The heat exchange of the radiator was calculated using CFD. Due to the periodic 
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and symmetric nature of the geometry of the radiator, the CFD domain consisted of a section 

cut of the radiator (Figure 11).  

 

Figure 11: Radiator section cut (Čarija & Franković, 2008) 

 

By using only a section cut of the radiator, the computational power required was reduced by a 

large extent.  A trimmed volume mesh with prism layers was used, consisting of almost 300 

000 cells. The simulation assumed laminar airflow over the fins in a steady state condition. The 

air was simulated as an ideal gas. 

 

The pressure drop over the radiator was used to validate the CFD results. It is common to use 

the pressure drop for validation, as it is easy to measure.  The CFD results compared well with 

the experimental results, all within 10%. It was concluded that the louver fin configuration 

significantly increases the heat exchange capabilities of the radiator. 

 

Kang et al. (2004) simulated a number of radiators with louver fins at different angles. The 

airflow over a small section of each radiator was simulated, and the porous coefficients were 

determined. The radiator was then simulated as a porous block using the porous coefficients. 

By using a porous model to represent the radiator, the simulation time was reduced.  

 

The CFD mesh consisted of a tetrahedral and hexahedral mesh. A relative error of 6.94% was 

obtained on the coolant outlet temperature. It was found that the radiator with an angle of 23ᵒ 

at a spacing of 1.4 mm, yielded the best cooling performance out of all the tested radiators. 

 

Junjanna et al. (2012) performed a numerical study on a heat exchanger. CFD was used to 

analyse changes made in the flow parameters and the geometry of the radiator. The 

computational domain was confined to one fin and pipe pitch, due to the symmetric nature of 

the radiator (Figure 12). 
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Different turbulence models were considered, and it was found that the k-ω turbulence model 

was the most suitable model to use for simulating the heat exchanger. This was due to the ability 

of the model to capture large fluid strains accurately. A tetrahedral mesh consisting of 1.5 

million cells was used. The boundaries that were implemeted in the computational domain can 

be seen in Figure 13, which includes various solid surfaces, air and water inlets and outlets. 

 

Figure 12: Periodic flow domain (Junjanna et al., 2012) 

 

Figure 13: Boundaries of the computational domain (Junjanna et al., 2012) 

 

The results of the CFD simulation proved to be in good agreement with the experimental data. 

It was found that by increasing the flow rate of the air, a prominent increase in the heat 

transferred was observed. An increase in the water flow rate showed an increase in the water 

outlet temperature and a decrease in the outlet air temperatures. This increase in the outlet water 

temperature was due to the decreased time the water and air had to transfer heat, as a result of 

the increased water flow.  

 

A parametric study on automotive radiators was done by Oliet et al. (2007). The influence of 

different parameters on the heat exchange capabilities of the radiators was analysed. Figure 

14 shows how the mass flow of the air and coolant influenced the cooling capacity of the 

radiator. It was found that the cooling capacity was more dependent on the mass flow rate of 

the air, when compared to the flow rate of the coolant. This occurred because the air has a 

higher thermal resistance than that of the coolant. 
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Figure 14: Influence of the mass flow of the air and coolant on the performance of a radiator (Oliet et 

al., 2007) 

 

The experimental tests revealed that water was the most efficient coolant used in the tests and 

that adding ethylene glycol or propylene glycol decreased the cooling capability of the 

radiator.  

 

The influence of different inlet air temperatures of the radiator was also studied. It was observed 

that a noticeable decrease in the cooling capacity of the radiator was obtained when the inlet air 

temperatures of the radiator were increased.  

 

Recently, the thermal balance of a vehicle engine bay was investigated by Lidar (2018) using 

CFD. The CFD simulation was based on a steady state Reynolds-Averaged Navier-Stokes 

approach, and the SST k − ω turbulence model was used.  

 

The radiator of the vehicle was simulated as a simplified porous block. The model was created 

in Star CCM+ and a dual flow heat exchanger interface was used to simulate the heat transfer 

of the radiator. The inlet temperature and mass flow rate of the coolant were set equal to that of 

the experimental values. The local heat transfer coefficients needed by the heat exchanger 

interface were calculated by creating a local heat transfer polynomial. The polynomial was 

adjusted until the coolant outlet temperature was equal to the value measured during the 

experiment.  

 

The mesh consisted of polyhedral and prism layers, and consisted of 57 million cells. Due to 

the size and complexity of the geometry and the physics, the complexity of the simulation was 

gradually increased. The heat exchanged by the radiator was initially overpredicted by the CFD 
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simulation and the local heat transfer polynomial was then adjusted to deliver a more accurate 

heat transfer prediction. 

 

Kim et al. (2014) conducted experiments to characterise the heat exchange performance of 

heat exchangers having oval tubes. Figure 15 shows a detailed diagram of the experimental 

setup that was used. The heat exchanger was placed inside a suction-type wind tunnel, with a 

constant temperature and humidity chamber. A water pump circulated the flow between the 

radiator and a constant temperature bath. The temperatures of the water and air were 

measured by resistance thermometers. The pressure drop over the radiator was measured 

using a pressure transducer, and the airflow was measured using a nozzle pressure difference.     

 

 

Figure 15: Experiment setup (Kim et al., 2014) 

 

The experiments showed that the oval tubes delivered a smaller heat transfer coefficient, as 

well as a smaller pressure drop when compared to round tubes.  Changes made to the fin pitch 

of the oval tube had an insignificant effect on the j and f factors of the heat exchanger. 

 

Ng et al. (2001) measured the local timed-average airflow velocity through the radiator of a 

car. The air velocity through the radiator was determined using the pressure drop over the 

radiator. Measuring the velocity through the radiator was a challenging and expensive 

experiment. The measured velocity showed a complex and non-uniform airflow through the 

radiator. A total of 24 pairs of pressure tubes were used to capture the pressure distribution 

through the radiator and the velocity field was then determined from that by using a pressure 
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drop correlation. The non-uniform airflow through the radiator was mainly due to the wake 

created by the bumper bar in front of the radiator. 

 

Figure 16 and Figure 17 show a visualisation of the airflow behind the radiator using wool tufts 

and smoke trace, respectively.   

 

 

Figure 16: Flow visualisation behind the radiator (Ng et al., 2001) 

 

Figure 17: Smoke trace flow visualisation behind the radiator (Ng et al., 2001) 
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The 24 pressure data points were interpolated over the face of the radiator, and the resultant 

flow distribution can be seen in Figure 18. A highly non-uniform velocity field was measured 

with a three-fold increase between low velocity and high velocity regions. This will off course 

also impact the heat exchange properties of the radiator and highlights why accurate flow 

distribution information is needed. 

 

 

Figure 18: Velocity profile of the air on the face of the radiator (Ng et al., 2001) 
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 Propellers 

A propeller is a device that delivers force by converting mechanical energy into thrust, which 

can propel an object attached to the propeller (Gudmundsson, 2013). 

 

2.2.1 Basic Principles of a Propeller.  

A propeller consists of several airfoil sections that can have a variation in cord length and twist 

along the blade of the propeller. The propeller is rotated at a rapid rate. A lift force, similar to 

that of a wing, is created. A CAD model of the propeller used in the self-launch system can be 

seen in Figure 19. 

 

Figure 19: A CAD of the propeller used by the self-launch system 

 

Propellers are usually designed for a specific airspeed. Low speed operations typically require 

a low pitch, whereas high speed operations require a larger pitch (Gudmundsson, 2013). A 

fixed-pitch propeller has fixed blade pitch angles that cannot be altered. A fixed-pitch propeller 

is inexpensive and light, but has only a small range in airspeed where the efficiency of the 

propeller is adequate. 

 

A variable pitch propeller has a changing pitch distance which changes span wise of the 

propeller. In Figure 20 the geometry of a fixed pitch and variable pitch propeller are compared.  

 

Figure 20: Geometry of a fixed and a variable pitch propeller (Gudmundsson, 2013)  

Constant pitch propellers are heavier and more expensive than fixed pitch propellers. The 

airspeed range which provides a high propeller with efficiency is a great deal larger when 
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compared to fixed pitch propellers (Figure 21). A governor utilises flyweights and throttles the 

fuel setting to keep the rpm of a propeller constant. 

 

Figure 21: Efficiency of different propellers (Gudmundsson, 2013) 

 

2.2.2 Propeller Performance 

The blade element theory was first developed by Stefan Drzewiecki who used airfoil theory to 

determine the thrust delivered by a propeller (Monk, 2010). Blade element theory estimates the 

thrust created by the propeller, by dividing the propeller into sections that are treated as 

independent two-dimensional airfoils. Aerodynamic forces are then locally determined at each 

section and summed up to determine the aerodynamic forces of the whole propeller 

(Gudmundsson, 2013). The BEM does not explicitly take into account the lift weakening at the 

tip and hub of the propeller, where Prandtl's tip and hub loss corrections are used to estimate 

these losses. 

 

The momentum theory, also known as the disk actuator theory can also be used to determine 

the performance of a propeller. This mathematical model can estimate the induced velocity of 

the propeller (Gudmundsson, 2013). The model represents the propeller as an infinitesimally 

thin actuator disk where the air can pass through without resistance (Figure 22). The flow 

passing through the disk is uniform, and the far field streamlines in front and behind the 

propeller, are parallel. The model assumes the flow to be inviscid and incompressible with no 

rotational flow.  
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Figure 22: Momentum theory model (Gudmundsson, 2013) 

 

Being able to estimate the induced velocity of the propeller, enables one to determine the 

resulting change in the angle of attack used by the BEM method. By using the BE method in 

conjunction with momentum theory, improved results can be obtained for design purposes. 

 

2.2.3 Modelling Propellers in CFD 

A number of numerical methods exist to analyse the performance of a propeller in Star CCM+. 

The most relevant methods concerning this study are discussed below. 

 

2.2.3.1. Actuator Disk / Virtual Disk  

A rotating object can also be modelled as a Virtual disk in CFD. The rotating object is simulated 

as an actuator disk. The motion of the propeller is represented as a source term, which is used 

in the momentum equation of the simulated domain (Monk, 2010). It is not necessary to include 

the geometry of the rotating object when using the virtual disk model. The lack of necessity in 

meshing the propeller, decreases the number of cells in the mesh and as a result, decreases the 

computational power needed. The virtual disk model can utilise BEM theory to determine the 

performance of propeller where the BEM method can capture the wake structure of the 

propeller well enough to make design decisions (CD-Adapco, 2018). The model is a cost-

effective and dependable model to use when simulating a rotating propeller. 
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2.2.3.2. Constant Rigid Motion  

A rotating object can be modelled in CFD by rotating the cell vertices of the mesh. This can be 

applied only in a transient analysis where the mesh is rotated a fixed amount for each time step. 

The rotating body is rigid with no deformation during rotation. This method of modelling a 

rotating object is the most accurate method, but also requires the most computational power 

(Reynolds, 2018).  

 

2.2.3.3. Rotating Reference Frame  

A rotating reference frame can be used to simulate a rigid rotating object in a steady state 

simulation. The induced forces created by the rotating object are implemented without 

explicitly rotating the cell vertices of the mesh and thus provides one with a time-averaged 

representation of the rotating object’s flow. The rotating reference frame delivers a good 

balance between computational cost and accuracy. 

 

2.2.4 The Simulation of Propellers  

A literature review has been done to investigate how propellers are simulated in CFD.  

 

Kutty and Parvathy (2017) did a study on numerical methods to predict the performance of a 

propeller blade. CFD was used to simulate the rotating propeller as a rotating reference frame. 

The domain consisted of a stationary and a rotating region enclosing the propeller (Figure 23). 

The flow between the two regions was connected with interfaces. The boundaries of the domain 

were created far enough from the propeller to ensure that the fully developed flow of the 

propeller would not influence the results.  

 

The mesh used in the simulation domain consisted of a mesh consisting of 4 million cells. Three 

different turbulence models were used, namely standard k – ԑ, k - ω, SST k - ω. The torque and 

power coefficients obtained from experimental results were used to validate the CFD 

simulations. The different turbulence models delivered very similar results. The SST k - ω 

turbulence model was judged to be the most suitable turbulence model to simulate the propeller, 

as it has the ability to capture transitional flow well. The results were compared with 

experimental results and proved that the simulations were capable of providing reliable results. 

Lidar (2018) also successfully used a rotating reference frame in a similar manner to simulate 

a rotating fan of a radiator.        
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Figure 23: Propeller domain (Kutty & Parvathy, 2017) 

 

The accuracy of a CFD model coupled with BEM theory was tested by Guo et al. (2014).  The 

CFD modelled the flow of a marine current turbine. The turbine was simulated using a rotating 

reference (with the full geometry of the propeller captured in the mesh) and a BEM-CFD model, 

respectively.  

 

A steady-state RANS solution was used for both the BEM-CFD and rotating reference model. 

Figure 24 shows the geometry of the computational domain. The mesh consisted of 1.2 

million nodes. Figure 25 shows the mesh generation in the ZX plane.  

 

Figure 24: Computational domain of turbine (Guo et al., 2014) 
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Figure 25: Mesh of flow domain (Guo et al., 2014) 

 

In Figure 26 one can see the BEM-CFD method compared to the experimental data and the 

full rotor CFD model. Note that BEM-CFD N refers to 𝐶𝑙  and 𝐶𝑑 values obtained 

numerically using XFoil. BEM-CFD E refers to 𝐶𝑙 and 𝐶𝑑  values obtained from experimental 

data. 

 

Figure 26: Propeller coefficients comparison (Guo et al., 2014) 

Figure 27 shows both the δ𝐶𝑝 values of the BEM-CFD model and the full rotor geometry 

model. 

 

Figure 27: Radial variations of dCP (Guo et al., 2014) 
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It was found that that the 𝐶𝑙 and 𝐶𝑑 values used in the BEM-CFD model had a noticeable 

effect on the thrust and power coefficients predicted for the propeller. A difference in these 

values was noted when the 𝐶𝑙 and 𝐶𝑑values were obtained numerically using XFoil and 

experimentally (by using a wind tunnel).  

The BEM-CFD N method was successful in predicting the thrust of the rotor accurately but 

overpredicted the power of the rotor. BEM-CFD E method underpredicted the thrust of the 

rotor but was more successful in predicting the power of the rotor at higher tip speed ratios. 

The rotor geometry and BEM-CFD dCP values compared well at lower radial lengths.   

A tidal turbine was simulated by Malki et al. (2012) using a CFD BEM method. The domain 

consisted of a trimmer mesh with 250 000 cells. The domain can be seen in Figure 28.  It was 

found that the CFD BEM method needed notably less computational power when compared to 

other CFD simulations.   

 

Figure 28: Computational domain of the tidal turbine 

 

The CFD simulation was validated with experimental data obtained from Bahaj et al. (2006),  

and results obtained from a classic blade element model. The results obtained by the CFD 

simulation compared well with the aforementioned. It was found that the classic BE method 

had a few shortcomings when compared to the CFD-BEM method, beacause the classic BE 

method relies on the various empirical corrections and does not resolve local flow around the 

propeller. 

Rao and Sahitya (2015) completed a numerical and experimental study on the lift and drag 

coefficients of a NACA 0012 airfoil. A low speed, open circuit wind tunnel was used to 

complete the experimental tests. The airfloil was tested at an angle of attack ranging from -20ᵒ 

to 20ᵒ, with increments of 2ᵒ. A two-dimensional quadratic mesh consisting of 80 000 elements 

was used by the CFD simulation (Figure 29).  
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Figure 29: The two-dimensional quadratic mesh used by the CFD simulation 

Two Reynolds-averaged turbulence models namely, k - ω and Spalart-Allmaras were used to 

simulate the airflow over the airfoil. The lift and drag coefficients of the airfloil were 

measured in the experiments and by means of CFD simulation. A comparison was made 

between the results obtained by the experimental tests and CFD simulations. 

If was found that both the k - ω and Spalart-Allmaras predicted the lift coefficient 

particularity well at angles of attack lower than the stall angle. At the stall angle both the k - ω 

and Spalart-Allmaras models overpredicted the lift. The k - ω model showed a superior 

similarity towards the experimental results when compared to the Spalart-Allmaras.  

The drag coefficient was in agreement with the turbulence models, but near the stall angle the 

drag was overpredicted by both models. The overprediction in the drag was due to the 

inability of the turbulence models to simulate transition in the boundary layer from laminar to 

turbulence flow. The total length of the boundary layer was simulated to be turbulent, as 

opposed to the actual airfoil having a laminar flow over the first half of the airfoil. It was 

concluded that the k - ω SST model was more accurate when compared to the Spalart-

Allmaras model. 

 

 Aerodynamics  

A basic understanding of aerodynamics is needed to enable one to set up an accurate CFD 

simulation, capable of capturing the interaction between fluids and bodies. 

 

2.3.1 Boundary Layers  

A boundary layer consists of a very thin layer adjacent to the surface of a moving body. Directly 

next to the surface of a moving body, the velocity of the particles is zero. The velocity increases 

as one moves away from the body until it reaches a velocity equal to the free stream (Anderson, 

2001). The boundary layer that develops can consist of two stable states; a laminar boundary 

layer or a turbulent boundary layer. The type of boundary layer that develops on the surface of 



27 

 

a moving body, has a substantial effect on the drag the body experience, as well as on the size 

of the wake that is formed.  

 

A laminar boundary layer consists of an orderly and steady flow where the particles flow in 

parallel lanes. The ordered nature of a laminar boundary layer makes it possible to be calculated 

mathematically and when compared to a turbulent boundary layer, it produce smaller drag 

counts. A laminar boundary layer gradually degrades as it increases in thickness, until a 

transition into a turbulent boundary layer takes place (McCormick, 1995). 

 

A turbulent boundary layer can be seen as an irregular and erratic flow. To estimate the 

behaviour of this flow, empirical data is required (Schlichting, 1973). Figure 30 compares the 

velocity profile of a laminar and turbulent boundary layer, where one can see a superior rounded 

curve in the velocity profile of the turbulent boundary layer. The rounded curve indicates that 

the near wall particles contain more energy when compared to the flatter velocity profile of the 

laminar boundary layer (Munson et al., 2010).    

 

 

Figure 30: Turbulent and laminar boundary layer (Munson et al., 2010). 

 

The increased energy in the velocity profile of the turbulent boundary layer increases its 

stability and decreases its sensitivity to adverse pressure gradients. The increased energy in the 

velocity profile increases shear force. A turbulent boundary layer can be utilised to delay or 

eliminate the flow separation that can significantly reduce the wake and drag of a moving 

object.  
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2.3.2 Flow Separation 

When the boundary layer of a fluid travels along an adverse pressure gradient, the shear stress 

due to viscosity retards the flow. The retarding effect is stronger near the surface where the 

flow is further away from the acceleration of the mainstream (Houghton & Carpenter, 2003). 

A point downstream is reached where the gradients of the velocity and the shear stress become 

zero and flow separation takes place (Munson et al., 2010). Behind the point of separation, the 

direction of the flow near the surface reverses and a region of recirculation flow forms.  

 

As a result, the flow can detach from the body and a region of highly retarded flow, also known 

as a wake, forms behind the body. Flow separation increases the size of the wake created by 

the body and as a result, increases form drag. 

 

2.3.3 Drag 

Drag is a force that is generated in the opposite direction of the velocity vector of a moving 

body due to the interaction between a solid body and a fluid. According to McCormick 

(McCormick, 1994), the two main components of the total drag of an airplane are induced drag 

and parasite drag.  

 

Induced drag is the result of a trailing vortex created downstream of a lifting surface with a 

finite aspect ratio. Parasite drag is the total drag experienced by an airplane excluding induced 

drag. Parasite drag consists of a few different types of drag, including skin friction drag, form 

drag and interference drag.  

 

Skin friction drag is the drag experience due to the viscous shearing stresses over the wetted 

surface of an object. As seen in Figure 31, a laminar boundary layer is developed at the leading 

edge. The laminar boundary grows downstream due to the surface roughness and becomes 

unstable. As a result, a transition to a turbulent layer takes place (McCormick, 1994). Ensuring 

a smooth surface on bodies will reduce the skin friction drag. 



29 

 

 

 

 

Figure 31: Skin friction drag (McCormick, 1994) 

 

Form or pressure drag is the static pressure experienced normal to a body’s surface, resolved in 

the drag direction. By changing the form of a body, one can decrease the drag coefficient of the 

body, as seen in Figure 32.  

 

Figure 32: Drag coefficient of different shapes (McCormick, 1994) 

 

Interference drag is the increased drag due to different bodies being close to one another. With 

the bodies being close to each other, their pressure distribution and boundary layers interact 

and the combination of the drag of the bodies, is greater than the sum of the drag of the bodies 

separately.        

 

In some instances, interference drag can lead to a decrease in total drag. A shielding effect 

occurs when bodies are aligned behind each other at a certain distance, relative to the oncoming 

air. The drag of the second body is less than that of the leading body, because the leading body 

creates a wake with a reduced dynamic pressure in the area of the second body (Hoerner, 1965). 

In some instances, the drag of the second body can become negative as suction forms behind 

the leading body. The shielding effects can be seen in Figure 33.  



30 

 

 

Figure 33: Shielding effect (McCormick, 1994) 

 

2.3.4 Reduction in Drag 

Streamlined bodies can reduce drag as it considerably decreases the wake formed by the body. 

In Figure 34 a larger body creates the same amount of drag compared to a much smaller body. 

This occurrence is made possible by the streamlined shape of the larger body where the adverse 

pressure gradients are smaller compared to the small body.   

 

 

Figure 34: Objects with an equal amount of drag (McCormick, 1994) 

 

By increasing the corner radius of the leading edge of the pylon, the drag coefficient will 

decrease noticeably, as seen in Figure 35.   
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.  

Figure 35: Drag coefficients of different size corner radius (McCormick, 1994) 

 

Non-streamlined bodies of airplanes use fairings to make them more streamlined. Fairings can 

be used at the leading edge of the pylon to decrease the drag and wake created by the pylon. A 

large wake created by the pylon, which is located in front of the radiator, can thus reduce the 

airflow going through the radiator. 

 

The square shape of the leading edge of pylons used in Self-luanch systems (Figure 36), can 

also be rounded to a more streamlined shape to reduce drag and the size of the wake. 

 

 

 

 

 

 

Figure 36: Typical self-launcher pylon  

 

 CFD  

Computational fluid dynamics uses numerical methods together with algorithms to solve and 

analyse problems in fluid flows. CFD has become a common tool to solve aerodynamic and 

heat transfer problems and is a viable alternative to expensive experiments. CFD can be more 

efficient than experimental tests, as more iterations of a test can be completed in less time. To 

setup a CFD analysis, one needs to understand the fundamentals of developing a CFD 

simulation that is accurate enough and using numerical models that are descriptive but still 

efficient. 

Square edge 



32 

 

 

2.4.1 Mesh Construction   

A mesh is a mathematical representation of space and geometry that is composed out of 

vertexes, faces and cells. The mesh type is size is critical to ensure that a proper balance between 

accurate results and simulation runtime is achieved. CD-Adapco (2018) recommends that the 

following factors should be considered when creating a mesh:  

 The turnaround time for generating a mesh 

 The amount of memory available for the simulation 

 The desired accuracy and convergence rate required 

 Whether the domain consists of a single or multi-region mesh 

 The initial surface mesh quality   

 Whether the geometry of the simulated part is mainly thin or not 

STAR-CCM+ has three different meshing techniques available for generating a mesh, namely 

polyhedral, tetrahedral and trimmed mesh. A prism layer mesh is used to capture boundary 

layer flow. 

 

Tetrahedral meshes have been successfully used over the past few decades in a large number 

of CFD simulations. It is a mesh technique that is relatively easy to generate and has become a 

standard practice in automatic mesh generation in CFD (Peric & Ferguson, 2005).  

 

In recent years the use of polyhedral meshes increased as it shows advantages over tetrahedral 

meshes (Balafas, 2014). Polyhedral meshes are more efficient than tetrahedral meshes 

regarding cell count, as it uses up to five times fewer cells (Peric & Ferguson, 2005). 

Convergence is also achieved faster with fewer cells in comparison to a tetrahedral mesh 

(Balafas, 2014). Polyhedral cells have an average of 12 faces and as a result has 12 neighbours. 

12 Neighbours give the cells the ability to capture swirling and recirculation flow particularly 

well due to a greater likelihood that local flow vectors can be orthogonal to the connecting faces 

(Peric & Ferguson, 2005).  

 

The size of the mesh has a direct influence on the accuracy and simulation run time. Up to a 

certain point, a mesh refinement can deliver more accurate simulation results. By using a mesh 

independency test, one can determine the point where making the mesh successively smaller 

no longer affects the simulation results.  
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2.4.2 Turbulence Models 

Turbulence models are used to simulate the effect of turbulence on a moving fluid. Turbulence 

is present in most flows of engineering interest. Star CCM+ uses three different approaches to 

model turbulence; Direct Numerical Simulation, Large Eddy Simulations and Reynolds-

Averaged Navier-Stokes equations. 

 

DNS (Direct Numerical Simulation) uses full unsteady-state Navier-Stokes equations. These 

full unsteady-state Navier-Stokes equations can be extremely demanding when an irregular 

turbulent flow is present. To capture the smallest eddies accurately, a fine mesh size is needed. 

In Figure 37 one can see that a fine mesh and time resolution are needed to capture the fine 

details. DNS is not an effective way to compute transitional flow over an object yet, as it 

requires too much computational power and a very fine level of detail.  

 

 

Figure 37: Instantaneous turbulent contours versus averaged contours. (McCormick, 1994) 

 

With the high computational cost of DNS, an alternative, less demanding method was required. 

The need was satisfied with Large Eddy Simulations (LES).  This method uses filtered Navier-

Stokes equations (Kariadakis, 1999). It works on the same principle as DNS, but at a lower 

resolution compared to DNS. Only the large scale eddies are computed and the small scale 

eddies are taken into account by using a viscosity assumption. This makes LES a more efficient 

alternative to DNS.  

 

Reynolds-Averaged Navier-Stokes (RANS) Turbulence model creates averaged and 

fluctuating components in an attempt to solve a modified set of transport equations. Additional 

equations of known quantities are needed to ensure that the number of equations is equal to the 

number of unknown variables. Using the RANS model highly reduces the computational cost 

when compared to DNS (CD-Adapco, 2018). Many CFD models rely on the RANS approach, 

and a number of turbulence models exist that are based on thereon. The most often used 

turbulence models based on the RANS approach are discussed below.   
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2.4.3 SST (Menter et al.) k – ω Model 

The SST (Menter et al.) k – ω model is a turbulence model that can be used with simulations 

based on a steady state RANS approach. The model utilises the most significant advantages of 

both the k – ԑ and k – ω models. (Menter et al., 2003) 

 

The k – ԑ model is one of the most used turbulence models in CFD. The model consists of two 

equations that solves the transport equations for the turbulent kinetic energy, k, and the turbulent 

dissipation rate, ԑ (CD-Adapco, 2018). The model can capture free stream flow well, but lacks 

the ability to capture near wall flow. The k - ԑ model requires fewer computational resources to 

run in comparison with the k – ω model.  

 

The  k – ω model is capable of capturing near wall and free stream flow well, but at a higher 

computational cost when compared to the  k – ω model  (Menter et al., 2003). The second 

equation solved for from by the k – ԑ model (turbulent dissipation rate), is replaced with ω 

(specific turbulent dissipation rate). The k – ω model is sensitive to changes of ω in the free 

stream, making it sensitive to inlet boundary conditions for internal flow.  

 

The SST (Menter et al.) k – ω model uses the k – ω model for near wall flow and the k - ԑ model 

for flow further away from the wall. The model switches between the k – ω and k - ԑ as needed 

and uses a blending function to unite the two models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 

 

 Summary 

 

After completing the literature review concerning heat exchangers, propellers, CFD and 

aerodynamics, the necessary knowledge was gained to complete the objectives of this study. 

The following main conclusions were reached and are summarized for convenience: 

    

 Modelling the complete detailed geometry of the radiator is unnecessary. Only a small 

section of the detailed radiator is needed, in order to obtain the characteristics with 

which to represent the complete radiator region as simplified porous block (Lidar, 

2018; Ning et al., 2004). 

 The porous resistance coefficients can be determined by measuring the pressure drop 

over the radiator, as it changes for various flow velocities (Ning et al., 2004). 

 The presence of an object in front of the radiator can lead to a non-uniform airflow and 

temperature distribution over the radiator. To capture this non-uniform flow accurately, 

a large number of pressure and temperature sensors are ideally required (Ng et al., 

2001). 

 The CFD simulation used to simulate a heat exchanger can be based on a steady RANS 

approach. The SST k − ω turbulence model yielded more accurate results than other 

turbulence models (Junjanna et al., 2012; Lidar, 2018). 

 

 A rotating propeller can be modelled as a rotating reference frame or a virtual disk in a 

steady state simulation. BEM virtual disk method does not require a mesh of the 

propeller to be modelled, only geometry detail of the propeller is needed. (CD-Adapco, 

2018). 

 The BEM virtual disk model is an economical model which utilises BEM theory, and 

is able to capture the wake structure of the propeller well enough to make design 

decisions (CD-Adapco, 2018; Guo et al., 2014). The results of the BEM virtual disk 

model are compareable to the rotating reference frame model.  

 The rotating reference frame method is one of the most widely used methods to 

simulate rotating fans, propellers and rotors in steady state simulations. 

 Simulating a rotating propeller to use the constant rigid motion method, consists of 

rotating the cell vertices which requires a computational heavy transient simulation 

(Reynolds, 2018).  

 The drag and wake created by an object can be greatly reduced by using streamlined 

bodies of fairings (McCormick, 1994). 
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 The boundary layer of a fluid that travels along an adverse pressure gradient, will retard 

the flow due to shear stress created by viscosity. The retarded flow can lead to flow 

separation or recirculation flow (Munson et al., 2010). 

 

 The size of a mesh used by a CFD simulation, has a direct influence on the accuracy 

and simulation run time. 

 A polyhedral mesh is more efficient than a tetrahedral mesh (Balafas, 2014). Polyhedral 

meshes are also better suited to capture swirling and recirculation flow, due to its high 

number of faces (Peric & Ferguson, 2005). 

 The SST k – ω turbulence model utilises the greatest advantages of the k – ω and k - ԑ 

turbulence models (Menter et al., 2003). 

 

The conclusions made above, assisted in making informed decisions concerning the modelling 

strategy used in the setup of the self-launcher system flow and heat transfer simulation. 
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 EXPERIMENTAL TESTS 

Three different experimental tests were completed in this study, as seen in Figure 38. The 

propeller static thrust as well as the radiator wind tunnel tests were required to obtain the 

necessary data to setup and validate the simplified CFD simulations, as discussed in section 4. 

The self-launch radiator characterisation test was done to determine the heat transfer 

capabilities of the radiator, and to determine whether the radiator could cool the engine 

sufficiently. The measured data was used to investigate the effects of different components 

(such as the pylon) on the heat transfer capabilities of the radiator as well as to validate the 

integrated CFD simulation.  

 

              

 

 

 

 

 

Figure 38: Experimental tests breakdown 

Propeller Static Thrust Test Radiator Wind Tunnel Test Self-launch Radiator 

Characterisation Test 
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 Propeller Static Thrust  

The static thrust of the propeller was chosen as the primary parameter with which to validate 

the CFD propeller model. Measuring the static thrust of the propeller can be done with sufficient 

accuracy and is an uncomplicated and cost-efficient experiment. 

 

3.1.1 Experimental Setup 

The experimental tests were done on a self-launch system (SLS) test bench as seen in Figure 

39. The self-launch system was securely mounted on the test bench, and the pylon was 

supported on hinges. A restraining cable connected to the pylon prevented it from falling 

forward as the propeller delivered thrust. The hinges and cable system is similar to the design 

which will eventually be used in the production version of the self-launch sailplane. Strict 

experimental procedures were followed to ensure that the experiment took place in an orderly 

and safe manner.  

 

The rpm of the engine was measured with a magnetic pickup located at the alternator of the 

engine. A secondary tachometer was used from a pickup sensor around the spark plug wire. 

Measurements from the two sensors consistently read within a band of 50 rpm from each other. 

The propeller was connected to the engine by a pulley and belt system. As a result, the propeller 

rotated at a reduction ratio of 2.32, when compared to the rpm of the engine. 

 

A calibrated load cell was connected to the restraining cable to measure the static thrust of the 

propeller at an angle. The geometry of the system was used to determine the horizontal static 

thrust (Figure 39).   
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Figure 39: Static thrust experiment setup 

 

After all necessary safety checks were completed, the engine was started. The engine was set 

to different rpm values, ranging from idle to full throttle, with the load cell measurements taken 

at each rpm setting. After every change in rpm, the engine was allowed enough time to stabilise 

at the new operating point. Readings of the load cell oscillated by 1kg during the experiment. 

Vibrations as well as a slow refresh rate (1 second) could have contributed to the fluctuation in 

the measurements. With the original cooling system (before the modifications investigated in 

this study), the engine could not reach its intended power peak and started to overheat when 

run at high rpm for long periods of time.  

 

3.1.2 Results 

The static thrust of the propeller was measured at an angle with a load cell. The force diagram 

in Figure 40 was used together with equation 4 to determine the static thrust of the propeller. 

Figure 41 shows the measured static thrust of the propeller.  

𝑇𝑝𝑟𝑜𝑝𝑒𝑙𝑙𝑒𝑟

𝐹𝑙𝑜𝑎𝑑 𝑐𝑒𝑙𝑙
= 𝑐𝑜𝑠 ∝             … (4) 
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Figure 40: Force diagram of propeller 

 

Figure 41: Propeller static thrust measured 

 

The static thrust of the propeller steadily increased up to a maximum of 111 kg at a propeller 

rpm of 2600. The engine of the self-launch system could not reach its intended power peak.  

 

The highest rpm that the engine could reach, at full throttle, was just over 6000 rpm. The 

original prototype exhaust layout was identified as the main cause for the engine not reaching 

its maximum rpm. The static thrust can be used to validate the propeller CFD simulation used 

in section 4. 
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   Radiator Wind Tunnel Test 

In the CFD simulation of the integrated self-launch system, the radiator was represented by a 

porous region model. The model coefficients required a pressure drop versus flow rate 

correlation across the radiator, to calculate the calibration values. 

 

3.2.1 Setup 

A pressure drop experiment was performed inside a subsonic, open-circuit suction wind tunnel 

(Appendix D). The radiator was placed inside a wind tunnel capable of delivering a velocity of 

up to 30m/s. Two pitot tubes were placed in front and behind the radiator and were connected 

to a digital 32-way pressure display unit (Figure 42). The 32-way pressure display unit has 32 

calibrated pressure transducers, accurate to +- 0.5%, which measures pressure with respect to 

atmosphere (Appendix D). The pitot tubes measured the total and static pressure inside the wind 

tunnel. A calibrated anemometer (Appendix D) with an accuracy of 2%, was also used to 

measure the velocity in the wind tunnel to verify the readings of the pitot tube. Figure 43 shows 

the placement of the radiator inside the wind tunnel.  

 

 

Figure 42: Pitot tube connected to the digital 32-way pressure display unit 
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Figure 43: Radiator placement inside the wind tunnel 

 

The total and static pressure were measured by a pitot tube in front of the radiator. The air 

velocity was calculated by using Bernoulli's equation. A calibrated anemometer was used to 

verify the was calculated with the pitot tubes.  

 

3.2.2 Results 

The results of the measured airflow can be seen in Table 1.  

Table 1: Wind velocity measurements 

Anemometer 15 17 19 21 23 

Pitot Tubes (m/s) 14.46 17.44 19 20.91 22.65 

% Difference 3.6 2.59 0 0.43 1.52 
 

The pitot tube setup delivered accurate velocity readings when compared to the readings of the 

anemometer. Figure 44 presents the results of the pressure drop measured with the pitot tubes.  
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Figure 44: Pressure drop versus flow rate across the radiator (pitot tube measurements) 

 

The pressure drop, as function of flow rate, was determined in a wind tunnel experiment. As 

the velocity increased, the pressure drop over the radiator steadily increased as well. The results 

can be used to characterise and validate the detailed CFD radiator model, as well as the porous 

region approximate model. 
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 Self-Launcher Radiator Characterisation Test 

To characterise the radiator of the self-launch system, numerous parameters had to be 

measured. The experiment was done on a grounded self-launcher test bench (Figure 45). 

 

3.3.1 Setup 

A twin-cylinder inline two-stroke engine manufactured by Solo™ is used by the self-launch 

system. The engine has a rated power of 47 kW and a continuous maximum rpm of 6500. See 

Appendix D for the data sheet of engine. 

 

A data logger equipped with 20 channels was used to gather data during the experiment. The 

data gathered included the air flow rate into the radiator, the inlet and outlet temperatures of the 

air/coolant, as well as the mass flow rate of the coolant. All the channels of the data logger were 

used in order to log the maximum amount of data from the self-launch test. 

 

18 type K thermocouples, with an accuracy of ± 1°C were used to measure the temperatures of 

the air and water. The calibration of the thermocouples is discussed in Appendix B. In order to 

measure the temperature change of the coolant, separate thermocouples were inserted into the 

inlet and outlet pipes of the radiator. Eight thermocouples were installed at the front and back 

face of the radiator respectively (Figure 46). The thermocouples were installed on a mesh and 

care was taken to ensure the signal wires did not touch any metal. All the wires were secured 

in a wire harness to prevent any interference with other components. The wires were then 

connected to the corresponding electronic interference of the data logger.  

 

 A water turbine flow sensor, with a ± 2% accuracy, was installed in line with the pipes of the 

radiator to measure the mass flow rate of the water (Appendix D). The flow sensor was installed 

in the longest straight pipe section available, to try and eliminate swirling flow effects as far as 

possible (in Appendix B the calibration process of the flow meter is described). In Figure 47, 

the coolant's flow path through the double pass radiator is illustrated. The hot coolant flowing 

out of the engine enters the inlet at the bottom manifold of the tank and then flows upwards in 

the first pass to reach the top manifold. The coolant is then rotated 180ᵒ in the upper tank and 

flows downwards in the second pass of the tank towards the outlet.  
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Figure 45: Self-launch test bench setup 

.   

Figure 46: Thermocouples installed on a wire mesh located alongside the radiator. 
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Figure 47: Coolant flow path through the double-pass radiator. Flow enters from the right-hand side in 

the image and exits on the left. 

 

After all the necessary safety checks were completed, the self-launch system was started and 

allowed to idle until the coolant reached the operating temperature and stabilised at idle. The 

throttle of the engine was then gradually opened as necessary to reach the rpm specified in the 

speed range settings of a test. When a rpm value was reached, the throttle setting was kept 

constant and the system was given enough time to achieve stable water and air temperatures 

at the new conditions. 

 

3.3.2 Results and Discussion 

Figure 48 to Figure 51 show the results of the recorded data logger after the temperatures had 

stabilised. Tests were completed at 2500, 3700 and 5100 engine rpm.   

 

An uncertainty analysis was done on all the measurement of the experiment, using a method 

described by Taylor (1999), which can be seen in Appendix F. The error bars in the graphs 

show the amount of uncertainty in the measurements.  
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The heat load transferred by the radiator increased as the rpm of the propeller increased (Figure 

48). The increase in the heat exchanged was due two factors; to an increase in the airflow 

through the radiator, and a higher temperature difference in the coolant between the inlet and 

the outlet. 

 

Figure 48: Heat exchanged by the system 

. 

 

Figure 49: Radiator water temperatures 

 

The measured temperatures of the water and air at both the inlets and outlets increased as the 

air flow rate increased due to the propeller turning faster which is linked to the engine speed 

increase (Figure 49, Figure 50).  
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At an engine rpm of 5100, the water temperature rose to an uncomfortably high level of 107.6 

°C. The Solo™ two stroke engine has a maximum operating temperature of 115 °C (engine ref 

Apendex?). The pressure cap of the radiator allowed coolant temperatures above 100 °C, 

without the fluid boiling. The cooling capacity of the system was therefore determined to be 

inadequate, since the safety limits of the equipment were reached. 

 

 

Figure 50: Radiator air temperatures 

 

Literature has shown that measuring the air inlet velocity of a radiator where the flow has been 

disrupted, can be a formidable task (Ng et al., 2001). A high number of pressure sensors would 

be needed to capture the non-uniform velocity over the radiator created by the wake of the 

pylon. The radiator was located only a few centimeters behind the rotating propeller. Using 

handheld flow rate measuring devices (e.g. vane anemometer) could not be considered, due to 

the limited space as well as safety concerns. It was decided on using an analytical approach to 

calculate the air mass flow rate at the inlet face of the radiator. The conservation of energy 

equation as seen in equation 5 was used. 

                          

                  𝑞 = 𝑚̇ℎ 𝑐𝑝, ℎ(𝑇ℎ, 𝑖𝑛 − 𝑇ℎ, 𝑜𝑢𝑡) = 𝑚̇𝑐 𝑐𝑝𝑐(𝑇𝑐, 𝑜𝑢𝑡 − 𝑇𝑐, 𝑖𝑛)                            …5 

 

Where 𝑞 is the heat exchanged (kW), 𝑚̇ℎ the mass flow of the hot fluid (kg/s), 𝑐𝑝 ℎ
 (kJ/kg. 

oC), the specific heat of the hot fluid, 𝑇ℎ 𝑖𝑛
  the inlet temperature of the hot fluid,  𝑇ℎ, 𝑜𝑢𝑡 the 

outlet temperature of the hot fluid (McCormick). 
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All the variables, excluding for the mass flow rate of the air in equation 5, were measured 

during the experiment. Consequently, the air mass flow rate could be calculated by 

substituting the measured data into equation 5. For equation 5 to be valid, the system was 

assumed to be adiabatic. The calculated mass flow of the air at the inlet face of the radiator, 

can be seen in Figure 51.  

 

 

Figure 51: Radiator inlet air mass flow 

The inlet air mass flow rate of the radiator was somewhat lower than expected. It is therefore 

postulated that the pylon located in front of the radiator obstructed a large portion of the airflow 

approaching the radiator.  

 

Figure 52 shows the inlet and outlet air temperatures measured by the thermocouples. Note that 

the inlet temperatures are displayed as seen from the front of the radiator and the outlet 

temperatures as seen from behind the radiator. The hot coolant inlet is indicated using red 

arrows, and the cooled coolant outlet is indicated using blue arrows below in Figure 52.  
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Figure 52: Temperatures over the face of the radiator 

 

The air temperatures varied in agreement with the coolant’s flow directions. The outlet air 

temperatures located near the inlet tank of the radiator, were high due to the hot coolant just 

entering the radiator. As one moves further along the path of the coolant, the outlet air 

temperatures lowered as the coolant became colder.  

 

At all the engine rpm settings tested, the temperatures of the inlet air delivered a hot spot located 

at the top right portion of the radiator (Figure 52). A possible explanation of this hot spot may 

be that the air is moving slower at the location of the hot spot, due to the wake created by the 

pylon. Recirculating air can also be a cause of the hot spot. The slower moving and/or the 

recirculating air allows more time for heat transfer to take place and results in an increased air 

temperature.       
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 Summary 

A number of experiments were done to characterize the airflow and temperature distributions 

of the self-launch system and to provide empirical data required to setup and validate the CFD 

simulations used in section 4. 

 

Experiments were completed to determine the static thrust of the propeller.  The static thrust of 

the propeller was the chosen parameter to validate the propeller model used in CFD simulation. 

 

The pressure drop over the radiator was determined in a wind tunnel test. These results provided 

the needed data to calibrate the porous region model used for the radiator in the integrated CFD 

simulation. (The calculation of detailed coefficients are described in the following chapter). 

 

The effectiveness of the radiator was investigated on the self-launcher test bench where all the 

needed parameters were measured to determine the heat transferred by the radiator. The engine 

could not be run at full rpm, as the temperature of the engine rose to 107.6ᵒC at an rpm of 5100, 

which is above the safety limit for the coolant temperature, but well below the maximum rpm 

of the engine. 

 

The heat transfer specifications of the radiator used in the self-launch system is comparable to 

various other radiators used by self-launch sailplanes. Further investigation is needed to identify 

possible reasons as to why the radiator does not achieve the adequate heat transfer required. 

CFD simulation can be used to do an in-depth analysis of the heat transfer and airflow of the 

self-launch system. These models can significantly assist in obtaining a better understanding of 

how the different components of the self-launch system influence one another.  
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 CFD VALIDATION AND ANALYSIS 

By utilising CFD simulations, one can analyse the self-launch system in more depth. To gain 

confidence and trust in the CFD simulation, CFD methodology must be validated by comparing 

the results with experimental test data. After the models have been validated, one can make 

changes to the system in the CFD simulation, to determine how it will affects the heat exchange 

capabilities of the cooling system. Using CFD in such a manner can save time and money when 

compared to performing experimental tests.  

 

 CFD Roadmap  

To determine the heat transfer of the radiator, a systematic approach was needed. The main 

CFD simulation consisted of several sub-models, as seen in Figure 53. These sub-models were 

developed with efficiency in mind, in an attempt to keep the overall computational cost at 

acceptable levels. The sub-models must be developed and validated before they can be 

integrated into the main CFD simulation. By following this CFD roadmap, one can have 

confidence in the final integrated CFD simulation. This model can then be used to make 

alterations to the self-launch system and determine in detail the effect of the alterations. By 

using CFD, one can save time and reduce cost by keeping experimental tests to a minimum.   

 

           

Figure 53: CFD roadmap 
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 Methodology   

To create CFD simulations that are accurate and reliable, the methodology as described below, 

was applied to all the CFD simulations.  

4.2.1 Geometry  

The geometry of the objects that were imported into the CFD simulations had a clean surface 

to ensure that a good quality mesh could be created. When an object had a high level of detail 

and a small impact on the simulation, a simplified geometry was used. The geometry of the 

engine with all its bolts, nuts and spark plugs was simplified. The distance between the 

simulated objects and the far field boundaries was set at an adequate distance. This ensured that 

the flow had already recovered from the wake when it arrived at the boundary.  

4.2.2 Mesh  

Polyhedral cells were used in all the CFD simulations. Literature showed the advantages it has 

over a tetrahedral mesh and its ability to capture complex swirling and rotating flow (Balafas, 

2014). Prism layers were used at surface boundaries in order to capture boundary layer flow 

profiles with sufficient accuracy. 

 

A lower mesh resolution was used at the far field boundaries with finer mesh resolutions at 

detailed geometries and points of interest. Wake refinements were also used where applicable. 

A mesh independence study was performed with each CFD simulation to ensure the results are 

independent of the mesh size. All the mesh independency studies can be seen in Appendix E.     

4.2.3 Physics  

All the CFD simulations are based on a steady state Reynolds-Averaged Navier Stokes 

approach. A transient approach was not considered as the needed resource and time were not 

available. The SST k - ω turbulence model was used in an attempt to capture boundary flow 

more accurately. The SST k - ω model proved to be a capable and reliable turbulence model 

that has been used successfully to solve similar CFD simulations as covered in this study  

(Junjanna et al., 2012; Lidar, 2018) 

The air domain in the CFD simulations was simulated as an ideal gas and the coolant as a non-

compressible fluid (water). Interfaces were used to connect the different continua’s. CFD 

simulations that used specialised models and physics will be discussed in more detail when the 

specific CFD simulation is discussed.  
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 NACA 0012 Airfoil  

A propeller consists of many cross-section airfoils. By successfully validating the aerodynamic 

coefficients of an airfoil, the performance of a propeller can be simulated with more confidence. 

The NACA 0012 is a popular airfoil used to validate simulated flow and the modelling 

methodology of flow over an airfoil, as plentiful experimental data is available.  

 

4.3.1 Setup  

A small section of a NACA 0012 airfoil was simulated. The domain consisted of a velocity 

inlet, pressure outlet and symmetry outer walls (Figure 54). A numerical mesh consisting of 2 

million polyhedral cells was used. A prism layer consisting of 20 layers and a thickness of 7 

mm were used to capture the boundary layers of the flow. The prism layer was chosen to keep 

the y+ wall values below one over the majority of the airfoil section. The flow over the airfoil 

was simulated at different angles of attack where the aerodynamic coefficients were measured 

and for conditions of a Reynolds number of 3.6 x 106. 

 

Figure 54: Computation flow domain 

 

Figure 55 shows the mesh that was used in the computational flow domain. A wake refinement 

region was defined to improve the wake detail behind the airfoil to improve accurate drag 

prediction. The γ − Reθ transition model was added to the SST(Menter et al.) k - ω turbulence 

model in order to improve the boundary layer prediction. 
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Figure 55: Mesh of the domain 

 

4.3.2 Results and Discussion 

The results of the drag and lift coefficients of the CFD simulation can be seen in Figure 56 and 

Figure 57. Numerical data obtained from XFoil and wind tunnel data (Smith & Schaefer, 1945) 

was also plotted on the same graph.  

 

 

Figure 56: Lift polar of the airfoil 
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Figure 56 shows how the lift coefficient increased linearly with the angle of attack, at lower 

angles of attack. As a result the flow is attached to the airfloil in this region. At about an angle 

of attack of 16ᵒ, the flow separated from the airfoil, and is known as the stall angle. 

 

At lower angles of attack, both methods predicted the lift coefficient especially well. At higher 

angles of attack, the XFoil and CFD data slightly overpredicted the lift coefficient. The 

overprediction in the lift coefficient, was the largest at the stall angle. Literature shows that 

XFoil tends to overpredict the lift coefficient by as much as 6% (Gopalarathnam & Selig, 2001).  

 

 

Figure 57: Drag polar of the airfoil 

 

In Figure 57 one can see how the CFD and XFoil data does not agree well with the wind tunnel 

data at higher angles of attack. In the low drag bucket shape, the CFD results are very similar 

to the wind tunnel data. As the angle of attack approaches the stall angle, the drag coefficient 

was overpredicted progressively. Similar findings are confirmed by a study done by Bosman 

(2012), who simulated a three-dimensional section of a NACA 653418 airfoil. 

  

This occurrence may indicate that the transition in the boundary layer was not simulated 

accurately by the CFD simulation. It was not further investigated as it did not fall within the 

scope of this study to predict transition flow in the boundary layer accurately. 
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The CFD simulation setup proved to be capable of predicting the aerodynamic coefficients of 

an airfoil, at lower angles of attack. The CFD setup also shows potential to simulate a propeller, 

as a propeller consists of a number of cross sectional airfoils. 

 

The CFD simulation proved to be able of predicting the lift coefficient more accurately than 

the drag coefficient. Therefore, it is recommended to validate the propeller CFD simulation 

with the static thrust of the propeller.  
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 Propeller (Rotating Reference)  

The wake behind the propeller has a considerable influence on the airflow going through the 

radiator. The rotating reference frame method promises a good balance between accuracy and 

fast solution speed, and is investigated in this section to determine if it is a suitable method to 

simulate the flow of the rotating propeller. 

 

4.4.1 Setup  

Literature shows that a rotating propeller can successfully be simulated by using a rotating 

reference frame technique in CFD (Kutty & Parvathy, 2017). 

 

The propeller of the self-launch system was thus simulated using the same approach and the 

CAD (Figure 58) geometry can be seen.  

 

 

Figure 58: Geometry of propeller 

 

The flow domain consists of a cylinder with a velocity inlet, pressure outlet and slip side walls 

as seen in Figure 59. Inside the flow domain, the propeller was enclosed by a smaller cylindrical 

region which was used to specify the rotating reference frame. 

 

 

Figure 59: Computational domain of the propeller 
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A high mesh resolution was used to capture the detail of the propeller with emphasis on the 

leading edge of the airfoil. In an attempt to capture the boundary layers of the flow, prism layers 

were used on the boundaries of the propeller. The prism layers consisted of 16 layers (5mm 

thick), which yielded a y+ wall range of one or less over the majority of the propeller’s body 

(Figure 60).  

 

      

Figure 60: Mesh of the domain with detail, a close up of the propeller mesh. 
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4.4.2 Results and Discussion 

The reference frame was rotated through a range of speed values, to simulate the movement of 

the propeller, and the static thrust was measured. The static thrust values were then converted 

to kg and compared with the experimental measurements as seen in Figure 61.  

 

 

Figure 61: Comparison of simulated thrust values with measured values for the rotating reference 

frame method. 

 

The values compare favourably, especially at lower propeller rpm. At higher rpm the simulation 

underpredicts the static thrust of the propeller, with the largest percentage difference at 

approximately 7%, when the propeller’s rpm is at 2590. The Difference can be explained by 

the inaccuracy of the CFD simulation to predict lift and drag coefficients at high angle of attack, 

which exist near the hub of the propeller.  

The pressure distribution over the front and back of the propeller can be seen in Figure 62. A 

propeller creates lift in a similar manner as an airfoil. The front of the propeller has a lower 

pressure distribution compared with the back; this is a result from the blade angle and rotation 

causing a momentum change of the airstream flowing through the propeller disk. The pressure 

difference and the change in momentum direction as air flows across the blades, create the 

forwards force also known as thrust.                                
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Figure 62:  Left-hand side: Pressure distribution on the front of the propeller                                                                                              

Right-hand side: Pressure distribution on the back of the propeller 

                         

Figure 63 shows the line integral convolution velocity vector of the propeller at a 90ᵒ and 180ᵒ 

sectional cut. Closer examination of the CFD results indicated a significant shortcoming of the 

rotating reference frame method, in that the steady-state wake pattern varies and is determined 

by the stationary position of the geometry in the simulation scene. When the propeller is thus 

at 90ᵒ, the wake pattern would differ from that of the sectional cut at 180ᵒ, as seen in Figure 63. 

When the propeller is at 90ᵒ, the wake of the propeller would differ from a wake at 180ᵒ, as 

seen in Figure 63. The velocity profile directly behind the propeller (90ᵒ) has a higher velocity 

range when compared to the velocity profile at 180ᵒ, where it is expected that the velocity 

pattern should have an evenly distributed spiral character.  

 

This finding demonstrated that the rotating reference frame would not be suitable for the 

purpose of the study, as the stationary position of the propeller will have a large influence on 

the flow entering the radiator, and flow patterns subsequently change as the stationary 

orientation of the propeller is modified. A method to simulate the rotating motion of the 

propeller independent of the position of the propeller was thus needed. 
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Figure 63: Line integral convolution velocity vector with a 90ᵒ and 180ᵒ sections cut 

 

The rotating reference frame model can be used to simulate radiator fans with decent results 

Lidar (2018). The fans used by radiators used a high number of blades which makes the above-

mentioned problem less prominent as opposed to the propeller consisting of only two blades.  

In summary, the propeller was semi-successfully simulated using a rotating reference frame 

approach. The average static thrust values from the simulation compared well with 

experimental results, but the wake position is not modelled realistically and would result in 

erroneous airflow distributions entering the radiator. This in turn would affect the accuracy of 

the heat transfer calculations. 
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 Propeller (Virtual Disk BEM)  

An alternative method to simulate a rotating propeller in Star CCM+, is to use the virtual disk 

model. The propeller is simulated as an actuator disk where the motion of the propeller will be 

represented as a source term that is used in the momentum equation of the simulated domain. 

This method also utilises BEM theory to obtain the aerodynamic quantities from the rotating 

propeller. 

 

4.5.1 Setup  

The same setup used in section 5.4 was used here, with the only exception being that the 

geometry of the propeller was not explicitly modelled. This lead to a noticeable decrease in the 

number of cells used in the simulation. The rotating reference frame CFD simulation used 1.2 

million cells, where the virtual disk CFD simulation only used 680 thousand cells. The 

geometric parameters of the propeller required by the virtual disk model included the following; 

chord distribution, sweep angle, twist distribution, rotation rate and disk geometry.  

 

4.5.2 Results and Discussion 

The CFD results of the propeller rotated at a range of rpm which can be seen in  

Figure 64. The results were compared to experimental data, as well as results of the moving 

reference CFD simulation. The result of a spreadsheet utilising BEM theory to predict the static 

thrust of the propeller is also included and served as an additional tool to validate the static 

thrust of the propeller and the implementation of it in CFD.  
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Figure 64: Static thrust comparison of different methods used 

 

The virtual disk method proved to deliver accurate static thrust results. A small overprediction 

in thrust was observed when the CFD results were compared to the experimental results. The 

same overprediction of the thrust of the propeller was observed when compared to the BEM 

theory spreadsheet, only to a greater extent.  

 

The overprediction in the BEM theory spreadsheet was expected as tip and hub losses were not 

taken into account when the static thrust was calculated. The Prandtl tip and hub corrections 

are dependent on having a helix (ф) angle, which needs a forward velocity of the propeller, and 

is not present when static thrust is measured.  

 

The overprediction in static thrust of the virtual disk BEM method, can be as a result of the 

geometry and lift coefficients used by the BEM method. The lift coefficients were obtained 

through XFoil, which is known to overpredict the lift coefficient by as much as 6%  

(Gopalarathnam & Selig, 2001). A good correlation between the numerical (CFD) and the 

analytical (BEM theory spreadsheet) was obtained. 

 

In Figure 65, one can see the velocity vector from the propeller, at a 90ᵒ and 180ᵒ sectional cut.  
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Figure 65: Line integral convolution velocity vector of the rotating reference model, with 90ᵒ and 180ᵒ 

sections cut. 

 

The virtual disk method does not explicitly model the geometry of the propeller and is therefore 

independent of the location of the propeller. Thus, the resulting flow of the propeller is averaged 

out over the virtual disk.  The method also reduces the number of cells in the mesh, which 

decreases the computational power needed when compared to the rotating reference method. 

Consequently, the virtual disk method was the method chosen to simulate the rotating propeller, 

as the flow entering the radiator was deemed more realistic and the heat transfer calculations 

would thus be more accurate. 

 

Figure 66 shows the difference in the geometry of the propeller which was used by the 

models based on BEM theory and the geometry of the propeller used in the experiments. The 

BEM models slightly simplified the geometry near the centre of the propeller. These 

simplifications resulted in an increase of thrust delivered by the propeller. The increase of 

thrust is small, because the simplifications were made near the centre of rotation where little 

thrust is produced by the propeller. 

 

Figure 66: Simplified versus real propeller geometry 



66 

 

 Detailed Radiator   

The amount of detail in the geometry of the radiator tubes and fins is excessively high. To mesh 

such high detail takes a large number of cells. This level of detail increases the computational 

power required by the simulations to a great extent. To keep the computational power required 

by the simulation to manageable levels, only a small part of the radiator was simulated, because 

of the periodic nature of the geometry also makes it suitable to simulate only a small part of the 

radiator. In order to simulate the radiator as a simplified porous block, the porous coefficients 

obtained from the pressure drop characterisation (simulated with the detailed radiator CFD 

simulation) were required.   

 

4.6.1 Setup 

A cutout section (of a periodic nature) from the detailed radiator geometry used in the CFD 

simulation can, be seen in Figure 67. A fine mesh was used to capture the small details of the 

perforated fins. The flow domain consisted of a velocity inlet, pressure outlet and periodic 

planes. The periodic plane was used at the side, top and bottom of the flow domain. By using 

periodic planes at these locations, the influence of neighbouring fins and pipes can be simulated. 

The periodic planes achieved this by working in pairs and allowing the flow to transfer from 

one plane to another.  

 

Figure 67: Radiator section used in the CFD simulation 
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The inertial and viscous porous coefficients can be determined by the pressure drop over the 

radiator, measured at different velocities. 

4.6.2 Results and Discussion 

The airflow through a section cut of the radiator was simulated, and the results of the pressure 

drop over the inlet and outlet face of the radiator are displayed in Figure 68. A second-order 

polynomial curve was fitted on the graph. Equation 6, together with the coefficients of the 

graph’s equation were used to determine the porous resistance coefficients of the detailed 

radiator section.  

   

Figure 68: Pressure drop over radiator 

 

When observing Figure 68, one can see that as the air velocity increased, so did the pressure 

drop over the radiator.  

 

By using equation 6, the porous inertial and viscous coefficients were calculated in accordance 

to the heat exchanger interface used by the CFD simulation (CD-Adapco, 2018).  

                                          

                                                   
∆𝑝

𝐿
= −(𝑃𝑖|𝑣| + 𝑃𝑣)                                                             …6 

 

Where 𝑣 is the velocity through the radiator, 𝐿 the length of the radiator in the air flow direction 

and  𝑃𝑖  , 𝑃𝑣 the inertial and viscous resistance coefficients, respectively. 
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The inertial and viscous porous coefficients were determined to be 262.5 and 256.4 

respectively. The airflow through the radiator can be seen in Figure 69 where three periodic 

planes are displayed next to one another.  

 

Figure 69: Line integral convolution velocity vector on the periodic planes of the airflow 

 

The periodic planes assisted in creating a more realistic airflow, where one can observe the 

flow being influenced by the neighbouring tube and fins (Figure 69).  

 

The porous coefficients will be validated in the next section, where the radiator will be 

simulated as a porous block using the porous coefficients obtained from this CFD simulation 

and results compared with measurements from wind tunnel experiments.  
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 Porous Medium Radiator Model 

A porous medium is a medium where the flow experiences a resistance in specific directions. 

The flow resistance is modelled by the pressure drop equation shown in the previous section, 

and the resistance can be specified as anisotropic values. 

 

4.7.1 Setup  

The pressure drop over the radiator was measured at different velocities. The flow domain 

consisted of a portion of the wind tunnel and the porous radiator. The simplistic geometry of 

the porous radiator consists of only a block, reducing the number of cells used in the mesh by 

a remarkable amount (Figure 70). The simulation domain boundaries consisted of a velocity 

inlet, pressure outlet, wind tunnel walls and a porous region to represent the radiator. Care was 

taken to measure the pressure drop over the simulated porous radiator, at the same physical 

locations where the pitot tubes were used in the wind tunnel experiments. 

 

Figure 70: Computational domain of radiator in the wind tunnel 

 

4.7.2 Results and Discussion 

The porous coefficients obtained in section 4.6 were used in this CFD simulation to emulate 

the resistance of the radiator. The results of the pressure drop over the radiator can be seen in 

Figure 71.  
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Figure 71: Pressure drop over radiator 

 

The simplified porous block used the porous flow resistance coefficients determined in section 

4.6, and the effect thereof on the static pressure in the flow domain can be seen in Figure 72. 

 

Figure 72: Static pressure drop over the porous radiator 

 

The experimental results compared well with the CFD results, and thus the porous medium 

model is an accurate representation of the flow resistance created by the radiator, and can be 

used with confidence in an integrated simulation model.  
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 Integrated Self-launch System Simulation 

The integrated self-launch system simulation consisted of a CFD simulation that incorporated 

the CFD simulations previously described in chapter 4, into one integrated CFD simulation. 

Using CFD, the self-launch system can be analysed in much more detail when compared to 

experimental tests. The CFD simulation will also assist in making insightful alterations to the 

system, which can improve the heat exchange capabilities of the radiator.  

 

4.8.1 Setup  

The flow domain consists of the cylinder containing the self-launch system. The boundaries 

consist of a velocity inlet, pressure outlet, symmetric outer wall and a heat exchanger interface 

(Figure 73).  

 

The self-launch system consisted of a pylon, exhaust, radiator, simplified engine and a virtual 

disk propeller. The polyhedral mesh used by the model can be seen in Figure 74. The mesh 

consisted of 4 million cells and an in-depth summary report of the simulation can be seen in 

Appendix F. The number of cells in the mesh was greatly reduced due to it being unnecessary 

to mesh the detailed geometry of the propeller. 

 

 

Figure 73: Computational domain of the self-launch system 
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Figure 74: Components of self-launch system 

 

The heat exchanger interface consisted of an overlapping cool air and hot coolant region. The 

coolant and air domain were connected to each other by using interfaces. 

 

The radiator which is used in the self-launch system has a double pass coolant flow 

configuration. A baffle interface was used to divide the lower tank into an inlet and outlet tank. 

Using a baffle interface to divide the radiator core into two regions to simulate the double 

configuration, was not compatible with the heat exchanger interface. Instead, high porous 

resistance coefficients were used in the x and z direction to direct the water to flow only in a 

vertical direction, as seen in Figure 79.  

 

4.8.2 Results and Discussion 

A CFD simulation was set up to simulate the heat transfer of the self-launch system’s radiator. 

The parameters measured were compared to data obtained from the integrated self-launch 
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system simulation, radiator characterisation experiments. Table 2 presents data obtained from 

the CFD results as well as the experimental results.  

 

Table 2: CFD results of the self-launch system 

 

Engine 

rpm 

Airflow 

(kg/s) 

Coolant 

Flow 

(kg/s) 

Coolant 

Inlet 

Temp. 

(ᵒC) 

Coolant 

Outlet 

Temp. 

(ᵒC) 

Air 

Inlet 

Temp. 

(ᵒC) 

Air 

Outlet 

Temp. 

(ᵒC) 

Heat 

Transfer 

Air 

(kW) 

Heat 

Transfer 

Water 

(kW) 

Experiment 

 
5100 0.239 0.9 107.6 79.8 34.2 78.1 10.6 

CFD 

 
5100 0.203 0.9 107.6 84.5 32.9 75.4 8.7 

% 

Difference 
- 

16.3 

 
- - 5.7 3.9 3.5 19.7 

 

 

A good correlation exists between the results predicted by the CFD simulation and the 

experimental data. All the results were within their allocated margin of uncertanty, except for 

the coolant outlet and the heat transfer, where a larger deviation in the results was observed.  

The airfow was underpredicted by 16%, but was still within the allocated uncertanties of the 

measurement, and was the main cause for the underpridiction of 20% in the heat transfer.   

 

The ability for the CFD simulation to predict the coolant temperatures accurately, is of great 

importance in order to determine if the engine will be adequately cooled. To improve the 

accuracy of the coolant’s outlet temperature, the UAG values can be adjusted to calibrate the 

model (Lidar, 2018). Thus, adjustments to the UAG values of the heat exchanger model 

available in the software code, were made to calibrate the model for more accurate outlet 

coolant temperatures. The UAG value was adjusted until the outlet temperature of the coolant 

was equal to the experiment value. The results of the adjustment in the UAG values can be seen 

in Table 3. 

 

Table 3: Results of the CFD adjusted UAG self-launch system 

 

Engine 

rpm 

Airflow 

(kg/s) 

Coolant 

Flow 

(kg/s) 

Coolant 

Inlet 

Temp.   

(ᵒC) 

Coolant 

Outlet 

Temp. 

(ᵒC) 

Air 

Inlet 

Temp. 

('C) 

Air 

Outlet 

Temp. 

(ᵒC) 

Heat 

Transfer 

Air 

(kW) 

Heat 

Transfer 

Water 

(kW) 

Experiment 

 
5100 0.239 0.9 107.6 79.8 34.2 78.1 10.6 

CFD UAG 

Adjusted 
5100 0.197 0.9 107.6 79.7 32.9 85.4 10.5 

% 

Difference 
- 19.0 - - 0.1 3.9 9.5 1.0 

 

The results of the adjustments in the UAG values lead to an increase in the outlet temperature 

of the air and a decrease in the coolant outlet temperature. As a result, a distinct increase in 
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the heat transfer of the system was observed. All the values of the adjusted UAG CFD 

simulation were within their respective margins of uncertainty except for the air outlet 

temperature, which was overpredicted by 9.5%. Errors in the air temperatures was expected, 

as only eight thermocouples could be used to capture the non-uniform temperatures over, the 

face of the radiator during the experiments. The outlet air temperature does not influence 

design deisions and therfore was the 9.5% overprediction was acceptable. 

 

The results shown in Table 2 and Table 3 is represented in Figure 75 to Figure 78 for the sake 

a visual comparison reasons, where the marign of uncertainty is represented by the error bars. 

 

 

Figure 75: Coolant temperatures of the radiator 

 

Figure 76: Air temperatures of the radiator 
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Figure 77: Airflow through the radiator 

 

 

Figure 78: Heat transfer of the system 

 

A CFD analysis was performed to investigate the various phenomena of the system and to 

acquire a better comprehension of the system. 

 

The double pass configuration of the radiator was simulated using high porous resistance 

coefficients in the x and z directions, which forced the coolant to only flow in a vertical 

direction within the radiator core, to simulate coolant flowed in a similar manner only being 

able to flow y direction (vertical).  In the upper and lower tank the coolant could flow freely (in 

any direction). After the coolant entered the inlet tank it was forced to flow vertically upwards 

until it reached the top tank of the radiator where it could flow freely again. The coolant was 

then forced to flow downwards towards the exit of the bottom tank. The coolant flow can be 

seen in Figure 79. In Figure 80, one can clearly see how the temperature of the coolant was 

reduced as the water flowed through the radiator. 
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Figure 79: Sectional cut of the velocity vector coolant flow through the radiator. 

 

Observing Figure 80, one can see how the temperature of the coolant was reduced as the water 

flowed through the radiator. A cool region is observed lengthwise in the second pass portion of 

the radiator, which was due to the mass flow rate being slower in that region.  

 

Figure 80: Left: Coolant temperature inside radiator 
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Figure 81 shows the velocity scalar (perpendicular to the face of the radiator) of the airflow at 

the front face of the radiator. After inspection, one can clearly see that the velocity on the 

right-hand side of the pylon was noticeably reduced. Further analysis is required to determine 

the cause of this phenomena. 

 

Figure 81: Velocity at the inlet face of the radiator 

 

The path and the velocity magnitude of streamlines near the surface of the pylon (Figure 82) 

show a region where an upwards vortex was formed. The region corresponded to the 

reduction in the velocity, normal to the face of the radiator, also included in Figure 82. A 

noticeable recirculation zone was observed in the top right corner of the radiator.  

 

Figure 82: Flow of streamlines near the radiator inlet face and the velocity scalar on the radiator 
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A horizontal sectional cut (see Figure 83 for the location of the sectional cut) of the airflow can 

be seen in Figure 84. The wake created by the pylon resulted in a region of recirculation which 

started at the leading edge of the pylon where flow separation took place. The incoming airflow 

to the radiator was redirected past the radiator, instead of flowing through it. 

 

Figure 83: Horizontal sectional cut location 

 

Figure 84: Velocity vectors of the airflow near the radiator 
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In a similar manner, a vertical sectional cut (see Figure 85 for the location of the sectional cut) 

of the airflow is presented by Figure 86: Velocity vector of the airflow near the self-launch 

system and shows how a large portion of the airflow flowed over the top of the radiator and not 

contributing to the heat removal from the radiator core. Figure 86 also shows how the porous 

resistance coefficients forced the airflow in a straight line through the radiator. 

 

Figure 85: Vertical sectional cut location 

 

Figure 86: Velocity vector of the airflow near the self-launch system 
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The temperature distribution on the inlet and outlet face of the radiator is displayed in Figure 

87. A hot spot was created by the recirculating airflow (Figure 82), was due to the poor airflow 

through the radiator at this region. A similar hot spot was observed in the experimental data 

(Figure 52). A correlation can be seen between the outlet air temperature of the simulation and 

the experiment. The outlet air temperate is in accordance to the coolant’s temperate distribution 

in the radiator (Figure 80).   

 

                  

Figure 87: Left: Temperature distribution of the inlet air on the face of the radiator, Right:  

Temperature distribution of the inlet air on the face of the radiator 

 

The airflow near the location of the hotspot is in a recirculation region. The air is moving slower 

at the location of the hot spot, due to the wake and the recirculating air. The air spend an 

increased period near the warm radiator and an increase in the temperature of the air is observed. 

 

A small oscillation was observed in a few of the quantities that were monitored. The outlet 

temperature of the radiator, oscillated at 84.5ᵒC by an average of 0.5ᵒC, as seen in Figure 88. 
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Figure 88: Oscillating coolant outlet temperature  

 

Lidar (2018) used the same heat exchanger model of Star CCM+, to simulate the heat transfer 

of a car’s radiator, and observed similar minor fluctuations in the temperatures of the radiator 

monitored. Lidar (2018) reasoned that vortex shedding could have caused the oscillation in the 

results, and recommended running the CFD simulation as a transient simulation or alternatively 

taking the mean value of the last few hundred iterations after convergence was met. 

 

To determine if a similar vortex shedding behaviour in the integrated self-launch system 

simulation occurred, the velocity vectors of flow behind the radiator was inspected and plotted 

at different iteration steps. Figure 89 confirms that vortex shedding was present in the 

simulation. It is suspected that the vortex shedding may have caused the minor oscillation in 

few quantities that were monitored. The oscillation in the values of the parameter may indicate 

the presence of transient effects, such as vortex shedding in the flow, which is incapable of 

being captured by a steady state solution (Koren, 2015).  

 

The geometry of the self-launch system were also further simplified and a high quality 

geometry surface was used to create an extensive fine mesh consisting of triple the amount of 

cells (12 million) used by current polyhedral mesh, to determine if the mesh used may have 

caused the minor oscillating quantities that were monitored. No noticeable difference in the 

oscillation was observed using the finer mesh.  
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Figure 89: Velocity vector plotted at different iteration steps showing vortex shedding 

 

According to CD-Adapco (2018), using very large porous resistance coefficients can lead to 

minor instabilities in the CFD simulation. The highly energised airflow behind the propeller 

met the inlet face of the radiator at an angle. To force the airflow in straight line through the 

porous radiator, high porous resistance coefficients (in the x and y direction of the simulation) 

had to be used. 

 

The value of the oscillation was smaller than the instrumental uncertainty of the thermocouple 

used to measure the outlet temperature of the coolant. Thus, the mean value over the last few 

hundred iterations was chosen to provide a single value for the outlet temperature of the coolant. 

Radiator Radiator 
Radiator 
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 Summary  

The heat transfer of the self-launch system was simulated with the aid of CFD. The final 

integrated CFD simulation, utilised several sub-models to provide an efficient and accurate 

representation of the complete machine and the relevant phenomena. 

 

First, the airflow over an NACA 0012 airfoil was simulated using CFD, to determine the 

aerodynamic coefficients of the airfoil. An airfoil was chosen, as it is the basis of a propeller 

consisting of several airfoil sections. The resultant static thrust predictions were found to be in 

agreement with that of experimental tests. 

 

Thereafter, two methods were investigated to identify a computationally efficient method to 

simulate the airflow from a rotating propeller. The rotating reference frame used the exact 

geometry of the propeller and a stationary mesh. By effectively ‘rotating’ the momentum source 

terms inside the governing equations, the method delivers acceptable results at a reasonably 

efficient computational cost. After inspecting the wake of the propeller, it was found that the 

method was dependant on the angle in rotation of the propeller.      

 

An alternative method to simulate the propeller, was to use the virtual disk method. The method 

did not need to mesh the exact propeller geometry. Instead it used various geometry parameters 

of the propeller to model the momentum source terms for the airflow, representing the effect 

from the rotating propeller as an actuator disk. This method utilised BEM theory to simulate 

the rotating propeller. The results were accurate when compared to experimental results and 

were not dependent on the location in the rotation of the propeller. The method also used 

significantly fewer cells than the rotating reference models. It was for these reasons that the 

virtual disk method was chosen as sub-model to simulate the propeller in the integrated system 

simulation. 

 

The last sub model concerned an approximation of the radiator geometry and the heat transfer 

characteristics. A small section of the radiator was simulated in full detail to determine the 

porous resistance coefficients of the radiator. The porous coefficients were then used to 

approximate the radiator as a simplified porous block. The pressure drop predicted by the 

simplified radiator sub-model, compared very well with the experimental results.  

 

The final CFD simulation model incorporating all the sub-models gave satisfactory results 

when compared to the experimental results. Adjustment to the UAG values of the heat transfer 
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model available in the software code, was necessary to calibrate the model for an accurate outlet 

coolant temperature.   

 

The airflow through the radiator was examined, and the influence of the wake of the propeller 

and the location of the radiator behind the pylon revealed insightful results. It was clear from 

an inspection of the simulation results, that the airflow pattern through the radiator is far from 

optimal, and that this maldistribution negatively impacts the heat removal from the radiator. 

The engine is restricted from running at full speed, due to this significant effect. It is therefore 

crucial to investigate mechanisms with which to improve the flow distribution over the 

radiator’s face. 
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 RADIATOR HEAT EXCHANGE IMPROVEMENTS  

Different approaches to improve the heat removal capabilities of the self-launcher radiator were 

explored by using the results and findings of the CFD analysis in section 4.8. 

 

 Identified Areas for Improvement 

The self-launch system overheated when running at high engine rpm. It soon became evident 

that the heat removal capabilities of the radiator were inadequate. In section 4.8 it was 

determined that the airflow through the radiator was remarkably poor, and that one must 

improve the airflow through the radiator to increase the heat transfer of the radiator. The air 

mass flow rate of the radiator is calculated by equation 7. 

𝑚̇ =  𝜌 𝑣 𝐴                                                                     … 7 

The air mass flow rate (𝑚̇) is equal to the product of the density (𝜌), the bulk air velocity (𝑣), 

and 𝐴 the area of the inlet face of the radiator. 

 

The confined space in which the self-launch system must fit, limits the choice parameters of 

the system that can be modified. The aerodynamic effects that a self-launch system has on a 

sailplane, as discussed in section 1.4, must also be kept in mind when making design changes 

to the system.  

 

The air mass flow rate through the radiator can be improved by enlarging the area of the 

radiator, increasing the density of the air or increasing the velocity of flow through the radiator. 

Due to the limited space available for a larger radiator, it was not considered. Increasing the 

density of the air, has only a small influence on the heat transfer of the system and is difficult 

to control. Thus, the largest room for improvement was to increase the velocity of the air 

flowing through the radiator. 

 

By utilising CFD, the effects of proposed design changes to the self-launch system could be 

determined. The integrated CFD simulation of the system (described in section 4.8) was used 

as a baseline to determine how the heat transfer capabilities of the self-launch system could be 

improved by design modifications made to the self-launch system. 
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 Radiator Scoop 

The self-launch system had space next to the pylon available, where a scoop could be fitted to 

improve the airflow through the radiator. The space was limited, and the scoop could therefore 

not be any wider than the radiator, in order to still fit inside the engine bay.  

 

5.2.1 Design Concept 

A radiator scoop attached to the pylon can be used to force the separated air, at the leading edge 

of the pylon, through the radiator. The basic design concept of the proposed radiator scoop can 

be seen in Figure 90. The main function of the scoop is to capture and redirect the flow that was 

separated by the leading edge of the pylon, to flow through the radiator. 

      

 Figure 90: Basis of the proposed radiator scoop 

                       

The upward flowing air near the inlet face of the radiator (Figure 82) can be forced through the 

radiator by adjusting the horizontal faces of the radiator scoop to be in better alignment with 

streamlines, as shown in Figure 91. The adjustment made to the lower face of the scoop assists 

in directing more air through the lower section of the radiator. 
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Figure 91: Geometry of the radiator scoop 

 

Figure 92 shows the detailed drawing of the radiator scoop. The radiator scoop was made out 

of aluminium 6080 and bent into shape. The proposed scoop is thus uncomplicated and robust, 

as well as and quick and affordable to manufacture.   

 

Figure 92: Detailed drawing of the radiator scoop, indicating the uncomplicated design layout results 
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5.2.2 Results and Discussion 

The influence the radiator scoop had on the heat transfer characteristics of the self-launch 

system can be seen in Table 4. 

Table 4: Radiator scoop results  

                                                                         

Engine 

Speed 

(rpm) 

Airflow 

(kg/s) 

Coolant 

Flow 

(kg/s) 

Coolant 

Inlet 

Temp. 

(ᵒC) 

Coolant 

Outlet 

Temp. 

(ᵒC) 

Air 

Inlet 

Temp. 

(ᵒC) 

Air 

Outlet 

Temp

. (ᵒC) 

Heat 

Exchanged     

Air           

(kW) 

Heat 

Exchanged 

Coolant 

(kW) 

Experiment 

Baseline 
5100 0.24 0.90 107.6 79.8 34.2 78.5 10.6 

Radiator 

Scoop 

(CFD) 

5100 0.30 0.90 107.6 76.0 32.9 74.4 11.9 

 

 

In Figure 93 one can see how the recirculate flow was noticeably decreased by the additional 

captured by the radiator scoop. Figure 94 shows a significant improvement in the air velocity 

over the radiator. The increased velocity was especially noticeable on the right-hand side of the 

radiator, where the radiator scoop was installed and the recirculation region was reduced 

(although not fully eliminated yet).  

 

 

Figure 93: Velocity vector of the flow near the leading edge of the pylon 
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Figure 94: Velocity magnitude of flow entering the inlet face of the radiator 

 

Figure 95 shows how the airflow was successfully redirected through the radiator. One can see 

how the diagonal upper face of the radiator scoop prevents the airflow from flowing flow over 

the top of the radiator, as it did without the scoop installed (Figure 95).  
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Figure 95: Velocity vector of the airflow within the radiator scoop 

 

The improved results of the radiator scoop were indeed promising. The airflow through the 

radiator increased from 0.24 kg/s to 0.3 kg/s (25% increase). The increased airflow resulted in 

a 12% increase in the heat exchanged by the radiator and a 5% decrease in the coolant outlet 

temperature. 
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Exhaust 
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 Pylon Fairing  

Fairings can be used to reduce the drag and the size of the wake created by a body, as discussed 

in section 2.3.4.  

5.3.1 Design Concept 

A fairing can be installed at the leading edge of the pylon in an attempt to reduce the flow 

separation that occurred at the leading edge (Figure 84). Figure 96 shows a proposed fairing 

profile projected over the current pylon. Note how the leading edge of the fairing is pointing in 

the direction of the incoming flow and how a gentle gradient was used. The fairing could assist 

in reducing the adverse pressure gradients of the airflow, which can decrease flow separation 

and the size of the wake created by the pylon and the fairing. 

 

Figure 96: Sectional cut through the radiator and pylon with the proposed fairing profile projected on 

the velocity vector of the unmodified pylon. 
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The second modification was thus proposed to be a fairing installation on the leading edge of 

the pylon, as presented in Figure 97. 

 

Figure 97: Location of the pylon fairing  

 

5.3.2 Results and Discussion 

The effect that the pylon fairing had on the airflow can be seen in Figure 98 and Figure 99. 

Table 5 presents the CFD results with the pylon fairing installed.  

 

Table 5: Radiator fairing results 

 
Engine 

Speed 

(rpm) 

Airflow 

(kg/s) 

Coolant 

Flow 

(kg/s) 

Coolant 

Inlet 

Temp. 

(ᵒC) 

Coolant 

Outlet 

Temp. 

(ᵒC) 

Air 

Inlet 

Temp. 

(ᵒC) 

Air 

Outlet 

Temp. 

(ᵒC) 

Heat 

Exchanged    

Air (kW) 

Heat 

Exchanged 

Water (kW) 

Experiment 

Baseline 
5100 0.239 0.9 107.6 79.8 34.2 78.5 10.6 10.6 

Pylon 

Fairing 

(CFD) 

5100 0.285 0.9 107.6 75.9 32.9 74.4 11.9 11.9 
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The increase in the airflow through the radiator resulted in a 12% increase in the amount of heat 

exchanged by the radiator. The airflow distribution over the inlet face of the radiator was 

improved considerably (Figure 98). A large increase on the right-hand side of the radiator was 

observed. Figure 99 further shows how the recirculation region had been notably reduced, by 

providing a more streamlined flow path around the pylon's edges.   

 

 

 

Figure 98: Velocity scalar of the air over the inlet face of the radiator 

 

The use of a fairing at the leading edge of the pylon was indeed noticeable. The mass air flow 

rate increased from 0.24 kg/s to 0.29 kg/s (19% increase). Flow separation still took place near 

the leading edge, but the recirculation region was clearly reduced when compared to the 

baseline, as seen in Figure 99. 
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Figure 99: Airflow influenced by the fairing 

 Chosen Concept  

Different concepts were investigated to determine the most effective method to keep the 

temperature of the engine at acceptable levels. The radiator scoop and pylon fairing delivered 

very similar results. The radiator scoop and pylon fairing both increased the airflow through 

the radiator by 25 % and 19 %, respectively.  

 

The radiator scoop was ultimately identified as the concept of choice to reduce the temperature 

of the engine, due to its ease of manufacturing and low cost and for its large improvement in 

the mass air flow rate through the radiator. It is expected that the radiator scoop will increase 

the drag of the system by a small amount and one should take note of it, however with the large 

amount of drag created by the self-launch system when deployed, the change in drag is 

insignificant for this study. The heat exchanger interface model delivered satisfactory results. 

A drawback of the model, as used in this study, is that the hot inlet coolant temperature had to 

be specified. Thus, experiments are needed to determine the hot inlet coolant temperatures. 

Radiator 

Fairing 

Airflow 
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 Radiator Scoop Concept Validation 

The radiator scoop CFD simulation revealed that the radiator scoop can greatly assist in 

improving the heat exchange capabilities of the self-launch system. The heat exchange interface 

method used to simulate the heat exchange of the radiator, requires the hot inlet coolant 

temperature at the radiator to be specified. With the coolant’s temperature unknown, an 

experimental test was required to determine if the improved airflow created by the radiator 

scoop was indeed significant enough to cool the engine at full throttle. 

 

5.5.1 Setup 

A similar setup as described in section 3.3 was used to determine the heat transfer of the system. 

Figure 100 shows the radiator scoop installed on the self-launch system.  

 

 

Figure 100: Radiator scoop installed on the pylon 
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5.5.2 Results and Discussion 

The various performance characteristics of the radiator, with and without the scoop, is 

compared in Figure 101 to Figure 104.  

 

 

Figure 101: Radiator inlet mass airflow 

 

 

Figure 102: Water inlet temperatures 
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Figure 103: Air temperatures of the radiator 

 

Figure 104: Heat load removal by the radiator at different engine speeds 

 

An increase in the air mass flow rate through the radiator can be seen in Figure 101. The 

increased airflow was small at low rpm, but became more prominent as the rpm of the propeller 

increased. 

 

The increase in the air mass flow rate through the radiator, confirmed that the radiator scoop 

forced additional air through the radiator. In Figure 95 one can see how the flow is directed 

through the radiator by utilising the radiator scoop. This increase in airflow through the radiator 

also leads to a decrease in the inlet and outlet temperatures of the water and air, as seen in 

Figure 102 and Figure 103. An increase in the heat transfer is also observed as presented in 

Figure 104. The addition of the radiator scoop proved to be successful in keeping the 

temperature of the engine below its maximum rated temperature of 115ᵒC. 
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 CONCLUSION AND RECOMMENDATIONS 

 Summary of the Project 

During the design phase of a new high performance self-launch sailplane, engine overheating 

problems occurred. To understand how the different components of the self-launch system 

influenced the heat transfer of the radiator, a CFD heat transfer analysis was performed on the 

radiator, within the context of its operation as part of the integrated self-launcher mechanism. 

 

The objectives of the study were as follows:  

 To determine the heat transfer of the radiator used in the self-launch system, both 

experimentally and by means of numerical simulation. 

 To develop a computationally efficient CFD simulation which can assist in making 

design decisions 

 To validate CFD results with experimental data obtained from a ground test rig 

 To use CFD simulations to analyse the influence of the heat exchange capabilities of 

the radiator, pertaining to the following parameters:  

- The wake of the propeller 

- The position of the radiator 

- The airflow through the radiator 

 To ensure that adequate cooling of the engine is obtained 

 

The heat transfer of the radiator was determined by experimental tests performed on a grounded 

test bench. All the required parameters were measured during the experiment to determine the 

heat transferred by the radiator. Experimental tests revealed that the radiator did not adequately 

cool the engine. Additional experiments were performed where the static thrust of the propeller 

and the pressure drop over the radiator were measured. The data of the experiments were used 

to validate and to setup the CFD sub-models. 

 

A computationally efficient CFD simulation was created to perform a CFD analysis of the heat 

transfer from the radiator. A systematic approach was followed, where all the different sub-

models that were included in the final integrated model, were first simulated and validated as 

separate models. Simulating the models separately made it easier to identify errors and improve 

stability. To create a computationally efficient CFD simulation, a few simplified CFD 

simulations were utilised.  
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The propeller was simulated as a BEM virtual disk which utilised BEM theory to simulate the 

rotating propeller. No detailed mesh of the propeller geometry is required by this method, which 

reduced the mesh of the simulation greatly.     

 

The radiator was simulated as a porous medium by using porous resistance coefficients 

determined by using the pressure drop over the radiator. It is not required to mesh the fine detail 

of the radiator using this method, once again, further saving computational effort. A dual stream 

heat exchange interface was created in Star CCM+ to simulate the heat transfer of the system.  

 

Using the data measured during the experiments, the CFD simulations was validated. The CFD 

sub-models compared especially well with the experimental data. The main integrated CFD 

simulation also compared well to the experimental data, but to a lesser extent. With the high 

level of simplification of the system, a decrease in accuracy was expected.  The overall heat 

transfer coefficient determined during the experiments, was adjusted to calibrate the simulation 

to deliver a more accurate outlet coolant temperature.  

 

An in-depth analysis of the self-launch system was done using the integrated self-launch system 

CFD simulation. The influence of the rotating airflow of the propeller, the wake created by the 

pylon, as well as the airflow through the radiator were determined. A particularly poor airflow 

through the radiator was revealed by the CFD simulation.  

 

The CFD simulation was utilised to make design decisions, which improved the flow through 

the radiator. In an attempt to improve the airflow through the radiator, a radiator scoop and 

pylon fairing was added separately to the CFD simulation. Both the radiator scoop and pylon 

fairing increased the airflow though the radiator by 25% and 19% respectively. The radiator 

scoop was chosen as the superior concept design, as it was uncomplicated and robust, quick 

and more economical to manufacture, compared to the pylon fairing.    

 

The radiator scoop was manufactured and installed onto the pylon. With the radiator scoop 

installed, the engine could be run at full throttle (6050 rpm) without overheating. Without the 

radiator scoop, the engine could only be run at 5100 rpm before overheating. 

 

By using the radiator scoop, the radiator could sufficiently cool the engine. The application of 

CFD as design tool was thus validated by its successful use in the integrated self-launch system 

simulation. 
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 Recommendations and Future Work 

The data logger used in the experiments had only 20 channels. With eight channels available to 

the air inlet and outlet faces, more channels are needed to improve the resolution of the inlet 

and outlet air temperature distributions. The non-uniform airflow through the radiator, makes 

it even more compelling to have plentiful thermocouples spread across the face of the radiator.  

 

Using instruments with a higher accuracy is also recommended. When certain engineering 

quantities had to be calculated using measured data, the combined margin of uncertainty turned 

out to be rather large, due to the accumulative error propagation. 

 

The difference in accuracy of more robust and less simplified models could be investigated and 

compared to the simplified CFD models used. The effects of simulating the self-launch system 

as a transient case can also be investigated, to validate the steady state assumptions used for the 

current approach. 

 

It would be valuable if a visual validation of the airflow can be displayed. By using wool tufts 

at the side of the pylon, one can visually confirm the recirculation flow region.   

 

Lastly the geometry of the sailplane can be included in the CFD simulation, and the interaction 

between the self-launch system and the fuselage can be studied at a non-static stance. 

Subsequently, the influence in the drag of the system with the proposed changes to the radiator 

can be investigated. 

 

If an even larger increase in the airflow through the radiator is required, the pylon fairing and 

radiator scoop can be used in combination. That would provide a greater margin of safety when 

considering the engine at full throttle operation and increase the heat removal capacity of the 

radiator. 
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Appendix 

A Blade Element Moment Theory spreadsheet 

A spreadsheet was developed in MS Excel that utilises BEM theory, as discussed in section 

2.2.2, to predict the thrust of the propeller. The methodology that was followed to create this 

spreadsheet is explained in great detail by Gudmundsson (2013). The spreadsheet consists of a 

number of sections and will be discussed below (Figure 105).  

 

 

Figure 105: Overview of the BEM theory main spreadsheet, 1: Propeller input,   2: Atmospheric 

conditions, 3: Main results, 4: Lift and drag coefficients, 5: Blade element calculations. 

 

The propeller input section requires the user to specify the propeller’s rotations rate, hub radius, 

tip radius, forward velocity and the height above sea level (Figure 106). The atmospheric 

conditions are then calculated based on the height above sea level (Figure 107). The user can 

also decide if the spreadsheet should take induced velocity into account.  

 

 

Figure 106: BEM inputs 
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Figure 107: Atmospheric conditions 

 

The blade chord and twist distribution of the propeller are also required as an input by the user. 

A graph is created from the data, and a polynomial curve is fitted onto the data. The spreadsheet 

inserts the value of the position of the blade element into the equation of the fitted curve. The 

blade chord and twist distribution can then be calculated at any point along the blade. 

 

The blade element calculation section divides the propeller into 20 sections. It utilises BEM 

theory to calculate the performance over each blade element of the propeller (Figure 108).  

 

Figure 108: Blade divided into elements (Gudmundsson, 2013) 
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The first part of the element calculation section contains the position, area, velocities, Mach 

number and several airfoil angles of the blade elements (Figure 110).  To distinguish between 

the different angles and velocities of a propeller section, Figure 109 can be used. 

 

Figure 109 shows the different kind of velocities and angles of a non-static rotating propeller 

that were used in the calculations.  

 

 

 

 

Figure 109: Velocity angles of a rotating propeller (Gudmundsson, 2013) 

 

 

Figure 110: Blade element calculation part one 

 

The second part of the blade element calculation section calculates the propeller performance 

of each blade element as seen in Figure 111. 
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Figure 111: Blade element calculation part 2 

 

The lift and drag coefficients are computed at each element at a given Reynolds number. The 

lift and drag coefficients were calculated using XFoil and tabulated as seen in Figure 112. The 

Reynolds number at each blade element was calculated, and the corresponding lift and drag 

coefficients were interpolated using the tables in Figure 112. The lift, drag, power and thrust of 

the propeller was calculated using the aforementioned coefficients. 

 

The influence of the induced velocity was also taken into account and was calculated using a 

Taylor series finite difference scheme, as described by Gudmundsson (2013).  

 

 

Figure 112: Lift and drag coefficients at different Reynolds numbers 
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Lastly, the final results of the performance of the propeller are presented in section 5, as seen 

in Figure 113. 

 

Figure 113: BEM theory results 
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B Calibration  

Instruments connected to the memograph required calibration before they could be used in the 

experiments.  

 

Turbine flow sensor 

A Gems™ turbine flow sensor was connected in line with a water pipe. A container was placed 

on a calibrated load cell, and the amount of water that flowed into the container within one 

minute, was weighed (Figure 114). The necessary adjustments were made to the memograph 

which ensured the flow rate (l/min) logged was in correspondence with the water weighed. This 

process was repeated until the difference between the measured and logged value converged. 

Figure 115 shows the setup used during calibration.  Figure 115 shows the percent difference 

between the value measured by the load cell and the value measured by the turbine flow sensor.   

 

 

Figure 114: Water flow sensor calibration 

 

Figure 115: Percent difference measured between the value logged and measured 

 

-2.5

-2

-1.5

-1

-0.5

0

0.5

0 2 4 6 8 10 12 14 16

%
 D

if
fe

re
n

ce

l/min

Turbine flow sensor



110 

 

Thermocouples 

The thermocouples were connected to a memograph and placed in an ice bath. The necessary 

adjustments were made to the memograph to ensure the thermocouples were within 0.5ᵒ of 0ᵒ. 

The thermometers were placed in an ice bath (Figure 116) where the necessary adjustments 

were made to ensure the termocouples measured zero. A tolorance of +- 0.5ᵒC was allowed. To 

ensure the thermocouples measured correctly, the thermocouples were then inserted into a 

controlled heat bath (Figure 117) at different temperatures. The temperature of the controlled 

heat bath, was confirmed with a calibrated thermometer. 

 

 

Figure 116: Calibration of type-K thermocouples in ice bath 

 

 

Figure 117: Calibration of type K thermocouples inside a control heat bath 
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C Load Cell Calibration Certificate 

 

Figure 118: Load cell calibration certificate page 1 
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Figure 119: Load cell calibration certificate page 2 
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Figure 120: Load cell calibration certificate page 3 
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D Apparatus Specifications 

 

Figure 121: Solo™ engine 2625 02 engine specification page 1 
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Figure 122: Solo™ engine 2625 02 engine specification page 2 
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Figure 123: Subsonic wind tunnel specifications page  
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Figure 124: 32-Way pressure display unit specifications page 1 
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Figure 125: 32-Way pressure display unit specifications page 2 
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Figure 126: Digital anemometer specifications page  

 



120 

 

 

Figure 127: Gems turbine flow meter 
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E Mesh Independence Studies  

 

A mesh independency study was done for each CFD simulation. The amount of cells in the 

mesh was increased until the change in the engineering quantity being monitored, was 

negligible small. The results can be seen in Figure 128 tot Figure 134, where the red markers 

indicate the number of cells that were used in the in the simulations . 

 

Rotating reference frame propeller  

 

 

Figure 128: Rotating reference frame propeller mesh independence study 

 

Virtual disk BEM 

 

 

Figure 129: Virtual Disk BEM mesh independence study 
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Porous radiator model 

 

Figure 130: Virtual Disk BEM mesh independence study 

 

Self-launch radiator characterisation model 

 

Figure 131: Virtual Disk BEM mesh independence study 

 

 

 

 

 

 

 

 

150

155

160

165

170

175

180

0 50000 100000 150000 200000 250000 300000 350000 400000 450000

P
re

ss
u

re
 D

ro
p

 [
P

a]

Cells

70

72

74

76

78

80

82

84

86

0 1000000 2000000 3000000 4000000 5000000 6000000 7000000 8000000

R
ad

ia
to

r 
O

u
tl

et
 T

em
p

. [
C

]

Cells



123 

 

Detailed radiator model 

 

Figure 132: Virtual Disk BEM mesh independence study 

 

Airfoil model 

 

Figure 133: Lift coefficient mesh independence study of the NACA 0012 airfoil 

 

 

Figure 134: Drag coefficient airfoil mesh independence study 
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F Propagation of Errors 

 

During the experiments, numerous quantities were measured with instruments that have a 

specified measurement accuracy. Quantities measured during the experiments are used to 

calculate other quantities of interest. The influence of the measured quantities’ uncertainties 

when used in calculations, needs to be determined. 

A method proposed by (Taylor, 1997), is discussed below to determine the uncertainties of 

calculated quantities. 

Suppose two quantities, X and Y, have an uncertainty of ΔX and ΔY respectively: then the 

quantities are added or subtracted, and the total uncertainty, ΔU, is determined by equation 8 

ΔU = √(ΔA)2 + (ΔB)2                                                     …8 

 

When the above-mentioned quantities are multiplied or divided, the total uncertainty is 

determined as in equation 9. 

ΔU = U√(
ΔA

𝐴
)2 + (

ΔB

𝐵
)2                                                      …9 

 

By using the above the equations, the uncertainty was determined for calculated quantities using 

experimental measurements. 
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G Main Integrated CFD Simulation: Summary Report 

1. Summary Report: Final SL 1.0 

 
Session Summary 

Date Nov 19, 2018 7:56:20 AM 

Simulation I:\liefvirjouaimee\Final SL 1.0.sim 

File size 1.8e+03 MB 

Number of Partitions 1 

Number of Restored Partitions 1 

Software Summary  

Version BuildArch: win64 
BuildEnv: intel16.3 
ReleaseDate: Wed Feb 7 22:25:17 UTC 2018 
ReleaseNumber: 13.02.011 

Hardware Summary  

Hosts Number Processes: 1 
Rank[0]: DESKTOP-BV36G1T 

2. Simulation Properties 

 
  1 Final SL 1.0     

  +-1 Continua Continua 3 

  | +-1 Air Regions [Domain, Air Core] 

  | | |  Interfaces [Interface 4, Interface 5, Heat Exchanger 1] 

  | | |  Point Sets [] 

  | | |  Active true 

  | | |  Tags [] 

  | | +-1 Models     

  | | | +-1 All y+ Wall 

Treatment 

Iterative Ustar false 

  | | | +-2 Cell 

Quality Remediation 

    

  | | | +-3 Exact Wall 

Distance 

    

  | | | +-4 Gas     

  | | | | `-1 Air Database Material Air (Air) [Standard/Gases] 

  | | | |   |  Tags [] 

  | | | |   `-

1 Material Properties 

    

  | | | |     +-

1 Dynamic Viscosity 

Method Constant 

  | | | |     | `-

1 Constant 

Value 1.85508E-5 Pa-s 

  | | | |     +-

2 Molecular Weight 

Method Constant 

  | | | |     | `-

1 Constant 

Value 28.9664 kg/kmol 

  | | | |     +-

3 Specific Heat 

Method Constant 

  | | | |     | `-

1 Constant 

Value 1003.62 J/kg-K 

  | | | |     +-

4 Thermal Conductivity 

Method Constant 

  | | | |     | `-

1 Constant 

Value 0.0260305 W/m-K 

  | | | |     `-

5 Turbulent Prandtl 

Number 

Method Constant 

  | | | |       `-

1 Constant 

Value 0.9 

  | | | +-5 Gradients Gradient Method Hybrid Gauss-LSQ 

  | | | |  Limiter Method Venkatakrishnan 

  | | | |  Custom Accuracy Level Selector 2.0 

  | | | |  Verbose false 

  | | | |  Least-Squares Quality Criterion true 

  | | | |  Flat Cells Curvature Criterion true 
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  | | | |  Cell Skewness Criterion true 

  | | | |  Chevron-Cell Criterion true 

  | | | |  Least-Squares Tensor Minimum 
Eigenvalues Ratio 

0.1 

  | | | |  Normalized Flat Cells Curvature Factor 1.0 

  | | | |  Maximum Safe (Positive) Skewness 
Angle (deg) 

75.0 

  | | | |  Minimum Unsafe (Positive) Skewness 
Angle (deg) 

88.0 

  | | | |  Use TVB Gradient Limiting false 

  | | | |  Acceptable Field Variation (Factor) 0.05 

  | | | +-6 Ideal Gas Incompressible false 

  | | | |  Density Limiting false 

  | | | +-7 K-Omega 

Turbulence 

    

  | | | +-8 Reynolds-

Averaged Navier-Stokes 

    

  | | | +-

9 Segregated Flow 

Minimum Absolute Pressure 1000.0 Pa 

  | | | |  Positivity Rate Limit 0.2 

  | | | |  Flow Boundary Diffusion true 

  | | | |  Unsteady Flux Dissipation Corrections false 

  | | | |  Limit Acoustic-CFL Option Per-Model 

  | | | |  Secondary Gradients On 

  | | | |  Convection 2nd-order 

  | | | |  Delta-V Dissipation Off 

  | | | +-

10 Segregated Fluid 

Enthalpy 

Secondary Gradients On 

  | | | |  Convection 2nd-order 

  | | | |  Flow Boundary Diffusion true 

  | | | +-11 SST 

(Menter et al.) K-Omega 

Curvature Correction Option Off 

  | | | | |  Realizability Option Durbin Scale Limiter 

  | | | | |  Compressibility Correction true 

  | | | | |  Low Re Damping Modification false 

  | | | | |  Convection 2nd-order 

  | | | | |  Normal Stress Term false 

  | | | | |  Tke Minimum 1.0E-10 

  | | | | |  Sdr Minimum 1.0E-10 

  | | | | |  Secondary Gradients On 

  | | | | |  Kappa 0.41 

  | | | | |  BetaStar 0.09 

  | | | | |  Beta1 0.075 

  | | | | |  Sigma_k1 0.85 

  | | | | |  Sigma_w1 0.5 

  | | | | |  Beta2 0.0828 

  | | | | |  Sigma_k2 1.0 

  | | | | |  Sigma_w2 0.856 

  | | | | |  Constitutive Option Linear 

  | | | | |  a1 0.31 

  | | | | +-

1 Compressibility 

Parameters 

Zeta_Star 1.5 

  | | | | `-

2 Realizability Coefficient 

Realizability Coefficient 0.6000000238418579 

  | | | +-12 Steady Continuum Iteration 2999 

  | | | +-13 Three 

Dimensional 

    

  | | | +-

14 Turbulent 

    

  | | | `-15 Virtual 

Disk 

    

  | | |   `-1 Virtual 

Disks 

    

  | | |     `-

1 Virtual Disk 

Method Blade Element Method 

  | | |       |  Display Source Term false 

  | | |       |  Verbosity NONE 
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  | | |       |  Tags [] 

  | | |       +-

1 Airfoil Sections 

    

  | | |       | `-

1 Airfoil Section 1 

Airfoil Section Function Specification Reynolds Number 

  | | |       |   |  Normalized Disk Span 0.7 

  | | |       |   |  Tags [] 

  | | |       |   +-

1 Cl (AoA, Reynolds) 

Table: Reynolds Number Reynolds 

  | | |       |   |  Table: Angle Of Attack AOA_rad 

  | | |       |   |  Table: Cl Cl 

  | | |       |   |  Input Table calrk y v4 

  | | |       |   |  Columns [AOA_deg, AOA_rad, Cd, Cl, Reynolds] 

  | | |       |   |  Table Format Unstructured 

  | | |       |   |  Verbose false 

  | | |       |   |  Cubic Interpolation false 

  | | |       |   `-

2 Cd (AoA, Reynolds) 

Table: Reynolds Number Reynolds 

  | | |       |      Table: Angle Of Attack AOA_rad 

  | | |       |      Table: Cd Cd 

  | | |       |      Input Table calrk y v4 

  | | |       |      Columns [AOA_deg, AOA_rad, Cd, Cl, Reynolds] 

  | | |       |      Table Format Unstructured 

  | | |       |      Verbose false 

  | | |       |      Cubic Interpolation false 

  | | |       +-

2 Chord Distribution 

Method Table (r/R) 

  | | |       | `-

1 Table (r/R) 

    

  | | |       +-

3 Sweep Angle 

Distribution 

Method Constant 

  | | |       | `-

1 Constant 

Value 0.0 radian 

  | | |       +-

4 Twist Distribution 

Method Table (r/R) 

  | | |       | `-

1 Table (r/R) 

    

  | | |       +-

5 Disk Geometry 

Number of Blades 2 

  | | |       | |  Inner Radius 0.08 m 

  | | |       | |  Outer Radius 0.7216 m 

  | | |       | |  Thickness 0.024 m 

  | | |       | |  Origin [0.0, 0.0, 0.05] m,m,m 

  | | |       | |  Local Coordinate System Laboratory->Virtual Disk-CSys 1 

  | | |       | |  Orientation Specification Disk Normal and Coordinate System 

  | | |       | `-

1 Normal And Coordinate 

System 

Coordinate System Laboratory 

  | | |       |    Disk Normal [0.0, 0.0, 1.0] 

  | | |       +-

6 Rotation Rate 

Rotation Rate 2198.0 rpm 

  | | |       | |  Ramp Method Linear Ramp 

  | | |       | `-

1 Linear Ramp 

Start Iteration 1 

  | | |       |    End Iteration 20 

  | | |       |    Initial Value 0.1 

  | | |       +-

7 Disk Stick Specification 

Collective Pitch 0.0 radian 

  | | |       |  Cyclic Pitch : Cosine Component 0.0 radian 

  | | |       |  Cyclic Pitch : Sine Component 0.0 radian 

  | | |       |  Virtual Disk Trim Option No Trimming 

  | | |       +-

8 Disk Flap Specification 

Coning Angle 0.0 radian 

  | | |       |  Cyclic Flap : Cosine Component 0.0 radian 

  | | |       |  Cyclic Flap : Sine Component 0.0 radian 

  | | |       |  Flap Hinge Eccentricity 0.0 

  | | |       +-

9 Virtual Disk Resolution 
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  | | |       | +-

1 Azimuthal Resolution 

Azimuthal Resolution 18 

  | | |       | `-

2 Radial Resolution 

Radial Resolution 18 

  | | |       |    Radial Distribution Function Constant 

  | | |       |    Radial Stretch Mode None 

  | | |       +-

10 Tip-Loss Correction 

Method Cosine 

  | | |       | `-

1 Cosine 

Radial Start Point 1.0 

  | | |       `-

11 Source Convergence 

Control 

Source Under Relaxation Factor 0.01 

  | | |          Source Tolerance 0.5 

  | | +-2 Reference 

Values 

    

  | | | +-1 Minimum 

Allowable Wall Distance 

Value 1.0E-6 m 

  | | | +-2 Minimum 

Allowable Temperature 

Value 100.0 K 

  | | | +-3 Maximum 

Allowable Temperature 

Value 5000.0 K 

  | | | `-4 Reference 

Pressure 

Value 87000.0 Pa 

  | | `-3 Initial 

Conditions 

    

  | |   +-1 Pressure Method Constant 

  | |   | `-

1 Constant 

Value 0.0 Pa 

  | |   +-2 Static 

Temperature 

Method Constant 

  | |   | `-

1 Constant 

Value 300.0 K 

  | |   +-

3 Turbulence Intensity 

Method Constant 

  | |   | `-

1 Constant 

Value 0.01 

  | |   +-

4 Turbulence 

Specification 

Method Intensity + Viscosity Ratio 

  | |   +-5 Turbulent 

Velocity Scale 

Method Constant 

  | |   | `-

1 Constant 

Value 1.0 m/s 

  | |   +-6 Turbulent 

Viscosity Ratio 

Method Constant 

  | |   | `-

1 Constant 

Value 10.0 

  | |   `-7 Velocity Method Constant 

  | |     |  Coordinate System Laboratory 

  | |     `-

1 Constant 

Value [0.0, 0.0, 0.0] m/s 

  | +-2 Coolant Regions [Outlet Tank, Top tank, Inlet tank, Coolant 
core] 

  | | |  Interfaces [Inlet tank/Outlet Tank, Interface 1, Interface 
2, Interface 3, Heat Exchanger 1] 

  | | |  Point Sets [] 

  | | |  Active true 

  | | |  Tags [] 

  | | +-1 Models     

  | | | +-1 Constant 

Density 

    

  | | | +-2 Exact Wall 

Distance 

    

  | | | +-3 Gradients Gradient Method Hybrid Gauss-LSQ 

  | | | |  Limiter Method Venkatakrishnan 

  | | | |  Custom Accuracy Level Selector 2.0 

  | | | |  Verbose false 

  | | | |  Least-Squares Quality Criterion true 
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  | | | |  Flat Cells Curvature Criterion true 

  | | | |  Cell Skewness Criterion true 

  | | | |  Chevron-Cell Criterion true 

  | | | |  Least-Squares Tensor Minimum 
Eigenvalues Ratio 

0.1 

  | | | |  Normalized Flat Cells Curvature Factor 1.0 

  | | | |  Maximum Safe (Positive) Skewness 
Angle (deg) 

75.0 

  | | | |  Minimum Unsafe (Positive) Skewness 
Angle (deg) 

88.0 

  | | | |  Use TVB Gradient Limiting false 

  | | | |  Acceptable Field Variation (Factor) 0.05 

  | | | +-4 K-Epsilon 

Turbulence 

    

  | | | +-5 Liquid     

  | | | | `-1 H2O Database Material H2O (Water) [Standard/Liquids] 

  | | | |   |  Tags [] 

  | | | |   `-

1 Material Properties 

    

  | | | |     +-

1 Density 

Method Constant 

  | | | |     | `-

1 Constant 

Value 997.561 kg/m^3 

  | | | |     +-

2 Dynamic Viscosity 

Method Constant 

  | | | |     | `-

1 Constant 

Value 8.8871E-4 Pa-s 

  | | | |     +-

3 Specific Heat 

Method Constant 

  | | | |     | `-

1 Constant 

Value 4181.72 J/kg-K 

  | | | |     +-

4 Thermal Conductivity 

Method Constant 

  | | | |     | `-

1 Constant 

Value 0.620271 W/m-K 

  | | | |     `-

5 Turbulent Prandtl 

Number 

Method Constant 

  | | | |       `-

1 Constant 

Value 0.9 

  | | | +-6 Realizable 

K-Epsilon Two-Layer 

Buoyancy Production of Dissipation Boundary Layer Orientation 

  | | | |  Cmu 0.09 

  | | | |  C1e 1.44 

  | | | |  C2e 1.9 

  | | | |  Ct 1.0 

  | | | |  Sigma_k 1.0 

  | | | |  Sigma_e 1.2 

  | | | |  Sarkar 2.0 

  | | | |  Tke Minimum 1.0E-10 

  | | | |  Tdr Minimum 1.0E-10 

  | | | |  Secondary Gradients On 

  | | | |  Convection 2nd-order 

  | | | |  Normal Stress Term false 

  | | | |  Curvature Correction Option Off 

  | | | |  Two-Layer Type Shear Driven (Wolfstein) 

  | | | |  Two-Layer ReY* 60.0 

  | | | |  Two-Layer Delta ReY 10.0 

  | | | +-7 Reynolds-

Averaged Navier-Stokes 

    

  | | | +-

8 Segregated Flow 

Minimum Absolute Pressure 1000.0 Pa 

  | | | |  Positivity Rate Limit 0.2 

  | | | |  Flow Boundary Diffusion true 

  | | | |  Unsteady Flux Dissipation Corrections false 

  | | | |  Limit Acoustic-CFL Option Per-Model 

  | | | |  Secondary Gradients On 

  | | | |  Convection 2nd-order 

  | | | |  Delta-V Dissipation Off 
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  | | | +-

9 Segregated Fluid 

Temperature 

Secondary Gradients On 

  | | | |  Convection 2nd-order 

  | | | |  Flow Boundary Diffusion true 

  | | | +-10 Steady Continuum Iteration 2999 

  | | | +-11 Three 

Dimensional 

    

  | | | +-

12 Turbulent 

    

  | | | `-13 Two-

Layer All y+ Wall 
Treatment 

Iterative Ustar false 

  | | +-2 Reference 

Values 

    

  | | | +-1 Minimum 

Allowable Wall Distance 

Value 1.0E-6 m 

  | | | +-2 Minimum 

Allowable Temperature 

Value 100.0 K 

  | | | +-3 Maximum 

Allowable Temperature 

Value 5000.0 K 

  | | | `-4 Reference 

Pressure 

Value 101325.0 Pa 

  | | `-3 Initial 

Conditions 

    

  | |   +-1 Pressure Method Constant 

  | |   | `-

1 Constant 

Value 0.0 Pa 

  | |   +-2 Static 

Temperature 

Method Constant 

  | |   | `-

1 Constant 

Value 300.0 K 

  | |   +-

3 Turbulence Intensity 

Method Constant 

  | |   | `-

1 Constant 

Value 0.01 

  | |   +-

4 Turbulence 

Specification 

Method Intensity + Viscosity Ratio 

  | |   +-5 Turbulent 

Velocity Scale 

Method Constant 

  | |   | `-

1 Constant 

Value 1.0 m/s 

  | |   +-6 Turbulent 

Viscosity Ratio 

Method Constant 

  | |   | `-

1 Constant 

Value 10.0 

  | |   `-7 Velocity Method Constant 

  | |     |  Coordinate System Laboratory 

  | |     `-

1 Constant 

Value [0.0, 0.0, 0.0] m/s 

  | `-3 Parts Meshes Interpolation Option Nearest neighbor 

  |    Regions [Domain, Outlet Tank, Air Core, Inlet tank, 
Top tank, Coolant core] 

  |    Interfaces [Inlet tank/Outlet Tank, Interface 4, Interface 
5, Interface 1, Interface 2, Interface 3, Heat 
Exchanger 1] 

  |    Tags [] 

  +-2 Interfaces Verbosity false 

  | |  Contact Selection Priority [Inlet tank/Outlet Tank, Interface 4, Interface 
5, Interface 1, Interface 2, Interface 3] 

  | |  Interfaces 7 

  | +-1 Heat 

Exchanger 1 

Allow Per-Part Values false 

  | | |  Region-0 (Cold Region) Air Core 

  | | |  Region-1 (Hot Region) Coolant core 

  | | |  Type Heat Exchanger Interface 

  | | |  Tags [] 
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  | | +-1 Physics 

Conditions 

    

  | | | +-1 Heat 

Exchanger Data 
Specification 

Method UAG Table 

  | | | +-2 Heat 

Exchanger Method 

Option Actual Flow Dual Stream 

  | | | `-3 Hot 

Stream Inlet Temperature 
Specification 

Hot Inlet Temperature Specified 

  | | `-2 Physics 

Values 

    

  | |   +-1 Heat 

Exchanger First Iteration 

First Heat Exchanger Iteration 100 

  | |   `-2 UAG 

Table 

Cold Fluid Inlet Temperature 293.0 K 

  | |     |  Hot Fluid Inlet Temperature 373.0 K 

  | |     |  Cold Upstream Boundaries [Air Core: Radiator Inlet [Interface 4]] 

  | |     |  Hot Upstream Boundaries [Coolant core: Radiator Bot Inet inteface 
[Interface 3]] 

  | |     |  Hot Mass Flow Rate Specified false 

  | |     |  UAG Table AUG FINAL 

  | |     |  UAG Table: Mass Flow Rate Massflow 

  | |     |  UAG Table: UAG UAG 

  | |     |  UAG Table: Heat Transfer Units kW 

  | |     |  Inlet Temperature Averaging Area Averaged 

  | |     `-1 UAL 

Table 

Table Columns [mCold, UAL] 

  | +-2 Inlet 

tank/Outlet Tank 

Allow Per-Contact Values false 

  | | |  Geometry Boundaries 

  | | |  Boundary-0 Outlet Tank: Outletank Divider 

  | | |  Boundary-1 Inlet tank: Inlet Tank Divider 

  | | |  Contacts [] 

  | | |  Type Baffle Interface 

  | | |  Topology In-place 

  | | |  Connectivity Imprinted 

  | | |  Tags [] 

  | | +-1 Physics 

Conditions 

    

  | | | `-1 Baffle 

Thermal Option 

Baffle Thermal Option Non-Conducting 

  | | `-2 Physics 

Values 

    

  | |   `-

1 Intersection 

Specify by Part Subgroup false 

  | |     `-

1 Intersection tolerance 

Value 0.05 

  | +-3 Interface 1 Allow Per-Contact Values false 

  | | |  Geometry Boundaries 

  | | |  Boundary-0 Top tank: Top Tank Interface 

  | | |  Boundary-1 Coolant core: Radiator Top inteface 

  | | |  Contacts [] 

  | | |  Type Internal Interface 

  | | |  Topology In-place 

  | | |  Connectivity Imprinted 

  | | |  Tags [] 

  | | `-1 Physics 

Values 

    

  | |   `-

1 Intersection 

Specify by Part Subgroup false 

  | |     `-

1 Intersection tolerance 

Value 0.05 

  | +-4 Interface 2 Allow Per-Contact Values false 

  | | |  Geometry Boundaries 

  | | |  Boundary-0 Outlet Tank: Outlet Tank Interface 

  | | |  Boundary-1 Coolant core: Outlet Interface 

  | | |  Contacts [] 

  | | |  Type Internal Interface 
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  | | |  Topology In-place 

  | | |  Connectivity Imprinted 

  | | |  Tags [] 

  | | `-1 Physics 

Values 

    

  | |   `-

1 Intersection 

Specify by Part Subgroup false 

  | |     `-

1 Intersection tolerance 

Value 0.05 

  | +-5 Interface 3 Allow Per-Contact Values false 

  | | |  Geometry Boundaries 

  | | |  Boundary-0 Inlet tank: Inlet Tank Interface 

  | | |  Boundary-1 Coolant core: Radiator Bot Inet inteface 

  | | |  Contacts [] 

  | | |  Type Internal Interface 

  | | |  Topology In-place 

  | | |  Connectivity Imprinted 

  | | |  Tags [] 

  | | `-1 Physics 

Values 

    

  | |   `-

1 Intersection 

Specify by Part Subgroup false 

  | |     `-

1 Intersection tolerance 

Value 0.05 

  | +-6 Interface 4 Allow Per-Contact Values false 

  | | |  Geometry Boundaries 

  | | |  Boundary-0 Air Core: Radiator Inlet 

  | | |  Boundary-1 Domain: Radiator Inlet 

  | | |  Contacts [] 

  | | |  Type Internal Interface 

  | | |  Topology In-place 

  | | |  Connectivity Imprinted 

  | | |  Tags [] 

  | | `-1 Physics 

Values 

    

  | |   `-

1 Intersection 

Specify by Part Subgroup false 

  | |     `-

1 Intersection tolerance 

Value 0.05 

  | `-7 Interface 5 Allow Per-Contact Values false 

  |   |  Geometry Boundaries 

  |   |  Boundary-0 Air Core: Radiator Outlet 

  |   |  Boundary-1 Domain: Radiator Outlet 

  |   |  Contacts [] 

  |   |  Type Internal Interface 

  |   |  Topology In-place 

  |   |  Connectivity Imprinted 

  |   |  Tags [] 

  |   `-1 Physics 

Values 

    

  |     `-

1 Intersection 

Specify by Part Subgroup false 

  |       `-

1 Intersection tolerance 

Value 0.05 

  +-3 Regions Part Selection Priority [Domain, Inlet tank, Outlet Tank, Air Core, 
Top tank, Coolant core] 

  | |  Regions 6 

  | +-1 Air Core Index 3 

  | | |  Mesh Continuum Parts Meshes 

  | | |  Physics Continuum Air 

  | | |  Parts [Radiator] 

  | | |  Type Porous Region 

  | | |  Allow Per-Part Values false 

  | | |  Tags [] 

  | | +-1 Boundaries Part Surface Selection Priority [Air Core: Outlet Interface, Air Core: Radiator 
Inlet, Air Core: Radiator Outlet, Air Core: 
Radiator Sides, Air Core: Radiator Top 
inteface, Air Core: Radiator Bot Inet inteface, 
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Air Core: Radiator Inlet [Interface 4], Air Core: 
Radiator Outlet [Interface 5]] 

  | | | |  Boundaries 8 

  | | | +-1 Outlet 

Interface 

Index 245 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Radiator.Outlet Interface] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-2 Radiator 

Bot Inet inteface 

Index 250 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Radiator.Radiator Bot Inet inteface] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-3 Radiator 

Inlet 

Index 246 

  | | | | |  Interfaces Interface 4 

  | | | | |  Part Surfaces [Radiator.Radiator Inlet] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 
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  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-4 Radiator 

Inlet [Interface 4] 

Index 329 

  | | | |  Interfaces   

  | | | |  Part Surfaces [] 

  | | | |  Type Internal Interface Boundary 

  | | | |  Allow Per-Contact Values false 

  | | | |  Parent Interface Interface 4 

  | | | |  Tags [] 

  | | | +-5 Radiator 

Outlet 

Index 247 

  | | | | |  Interfaces Interface 5 

  | | | | |  Part Surfaces [Radiator.RadiatorOutlet] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-6 Radiator 

Outlet [Interface 5] 

Index 331 

  | | | |  Interfaces   

  | | | |  Part Surfaces [] 

  | | | |  Type Internal Interface Boundary 

  | | | |  Allow Per-Contact Values false 

  | | | |  Parent Interface Interface 5 

  | | | |  Tags [] 
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  | | | +-7 Radiator 

Sides 

Index 248 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Radiator.Radiator Sides] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | `-8 Radiator 

Top inteface 

Index 249 

  | | |   |  Interfaces   

  | | |   |  Part Surfaces [Radiator.Radiator Top inteface] 

  | | |   |  Type Wall 

  | | |   |  Allow Per-Surface Values false 

  | | |   |  Tags [] 

  | | |   +-1 Physics 

Conditions 

    

  | | |   | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | |   | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | |   | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | |   | +-

4 Thermal Specification 

Condition Adiabatic 

  | | |   | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | |   | `-6 Wall 

Surface Specification 

Method Smooth 

  | | |   `-2 Physics 

Values 

    

  | | |     `-

1 Blended Wall Function 

E 9.0 

  | | |        Kappa 0.42 

  | | +-2 Feature 

Curves 

Part Curve Selection Priority [Air Core:Default Feature Curve] 

  | | | |  Feature Curves 1 

  | | | `-1 Default 

Feature Curve 

Part Curves [Radiator.Default] 

  | | |    Tags [] 

  | | +-3 Physics 

Conditions 

    

  | | | +-1 Energy 

Source Option 

Energy Source Option None 
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  | | | +-2 Initial 

Condition Option 

Option Use Continuum Values 

  | | | +-3 Mass 

Source Option 

Mass Source Option Disabled 

  | | | +-

4 Momentum Source 

Option 

Momentum Source Option None 

  | | | +-5 Porous 

Media Flux Option 

Discount Momentum Fluxes Disabled 

  | | | `-

6 Turbulence 

Specification 

Method Intensity + Viscosity Ratio 

  | | `-4 Physics 

Values 

    

  | |   +-1 Axis Coordinate System Laboratory 

  | |   |  Origin [0.0, 0.0, 0.0] m 

  | |   |  Direction [0.0, 0.0, 1.0] 

  | |   +-2 Motion 

Specification 

Motion Stationary 

  | |   |  Reference Frame Lab Reference Frame 

  | |   +-3 Porosity Method Constant 

  | |   | `-

1 Constant 

Value 1.0 

  | |   +-4 Porous 

Inertial Resistance 

Method Principal Tensor 

  | |   | `-

1 Principal Tensor 

    

  | |   |   +-1 XX 

Axis 

Method Constant 

  | |   |   | |  Coordinate System Laboratory 

  | |   |   | `-

1 Constant 

Value [1.0, 0.0, 0.0] 

  | |   |   +-2 YY 

Axis 

Method Constant 

  | |   |   | |  Coordinate System Laboratory 

  | |   |   | `-

1 Constant 

Value [0.0, 1.0, 0.0] 

  | |   |   +-3 XX 

Component 

Method Constant 

  | |   |   | `-

1 Constant 

Value 0.0 kg/m^4 

  | |   |   +-4 YY 

Component 

Method Constant 

  | |   |   | `-

1 Constant 

Value 0.0 kg/m^4 

  | |   |   `-5 ZZ 

Component 

Method Constant 

  | |   |     `-

1 Constant 

Value 262.5 kg/m^4 

  | |   +-5 Porous 

Viscous Resistance 

Method Principal Tensor 

  | |   | `-

1 Principal Tensor 

    

  | |   |   +-1 XX 

Axis 

Method Constant 

  | |   |   | |  Coordinate System Laboratory 

  | |   |   | `-

1 Constant 

Value [1.0, 0.0, 0.0] 

  | |   |   +-2 YY 

Axis 

Method Constant 

  | |   |   | |  Coordinate System Laboratory 

  | |   |   | `-

1 Constant 

Value [0.0, 1.0, 0.0] 

  | |   |   +-3 XX 

Component 

Method Constant 

  | |   |   | `-

1 Constant 

Value 1000000.0 kg/m^3-s 

  | |   |   +-4 YY 

Component 

Method Constant 
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  | |   |   | `-

1 Constant 

Value 1000000.0 kg/m^3-s 

  | |   |   `-5 ZZ 

Component 

Method Constant 

  | |   |     `-

1 Constant 

Value 256.4 kg/m^3-s 

  | |   +-6 Solid 

Thermal Conductivity 

Method Isotropic Tensor 

  | |   | `-

1 Isotropic Tensor 

    

  | |   |   `-

1 Isotropic Component 

Method Constant 

  | |   |     `-

1 Constant 

Value 1.0 W/m-K 

  | |   +-7 Tortuosity Method Constant 

  | |   | `-

1 Constant 

Value 1.0 

  | |   +-

8 Turbulence Intensity 

Method Constant 

  | |   | `-

1 Constant 

Value 0.01 

  | |   `-9 Turbulent 

Viscosity Ratio 

Method Constant 

  | |     `-

1 Constant 

Value 10.0 

  | +-2 Coolant core Index 19 

  | | |  Mesh Continuum Parts Meshes 

  | | |  Physics Continuum Coolant 

  | | |  Parts [] 

  | | |  Type Porous Region 

  | | |  Allow Per-Part Values false 

  | | |  Tags [] 

  | | +-1 Boundaries Part Surface Selection Priority [Coolant core: Outlet Interface, Coolant core: 
Radiator Inlet, Coolant core: Radiator Outlet, 
Coolant core: Radiator Sides, Coolant core: 
Radiator Top inteface, Coolant core: Radiator 
Bot Inet inteface, Coolant core: Radiator Top 
inteface [Interface 1], Coolant core: Outlet 
Interface [Interface 2], Coolant core: Radiator 
Bot Inet inteface [Interface 3]] 

  | | | |  Boundaries 9 

  | | | +-1 Outlet 

Interface 

Index 461 

  | | | | |  Interfaces Interface 2 

  | | | | |  Part Surfaces [] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 
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  | | | |      Kappa 0.42 

  | | | +-2 Outlet 

Interface [Interface 2] 

Index 470 

  | | | |  Interfaces   

  | | | |  Part Surfaces [] 

  | | | |  Type Internal Interface Boundary 

  | | | |  Allow Per-Contact Values false 

  | | | |  Parent Interface Interface 2 

  | | | |  Tags [] 

  | | | +-3 Radiator 

Bot Inet inteface 

Index 466 

  | | | | |  Interfaces Interface 3 

  | | | | |  Part Surfaces [] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-4 Radiator 

Bot Inet inteface 
[Interface 3] 

Index 472 

  | | | |  Interfaces   

  | | | |  Part Surfaces [] 

  | | | |  Type Internal Interface Boundary 

  | | | |  Allow Per-Contact Values false 

  | | | |  Parent Interface Interface 3 

  | | | |  Tags [] 

  | | | +-5 Radiator 

Inlet 

Index 462 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 
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  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-6 Radiator 

Outlet 

Index 463 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-7 Radiator 

Sides 

Index 464 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 
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  | | | +-8 Radiator 

Top inteface 

Index 465 

  | | | | |  Interfaces Interface 1 

  | | | | |  Part Surfaces [] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | `-9 Radiator 

Top inteface [Interface 1] 

Index 468 

  | | |    Interfaces   

  | | |    Part Surfaces [] 

  | | |    Type Internal Interface Boundary 

  | | |    Allow Per-Contact Values false 

  | | |    Parent Interface Interface 1 

  | | |    Tags [] 

  | | +-2 Feature 

Curves 

Part Curve Selection Priority [Coolant core:Default Feature Curve] 

  | | | |  Feature Curves 1 

  | | | `-1 Default 

Feature Curve 

Part Curves [] 

  | | |    Tags [] 

  | | +-3 Physics 

Conditions 

    

  | | | +-1 Energy 

Source Option 

Energy Source Option None 

  | | | +-2 Initial 

Condition Option 

Option Use Continuum Values 

  | | | +-3 Mass 

Source Option 

Mass Source Option Disabled 

  | | | +-

4 Momentum Source 

Option 

Momentum Source Option None 

  | | | +-5 Porous 

Media Flux Option 

Discount Momentum Fluxes Disabled 

  | | | `-

6 Turbulence 

Specification 

Method Intensity + Viscosity Ratio 

  | | `-4 Physics 

Values 

    

  | |   +-1 Axis Coordinate System Laboratory 

  | |   |  Origin [0.0, 0.0, 0.0] m 

  | |   |  Direction [0.0, 0.0, 1.0] 

  | |   +-2 Motion 

Specification 

Motion Stationary 

  | |   |  Reference Frame Lab Reference Frame 

  | |   +-3 Porosity Method Constant 
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  | |   | `-

1 Constant 

Value 1.0 

  | |   +-4 Porous 

Inertial Resistance 

Method Principal Tensor 

  | |   | `-

1 Principal Tensor 

    

  | |   |   +-1 XX 

Axis 

Method Constant 

  | |   |   | |  Coordinate System Laboratory 

  | |   |   | `-

1 Constant 

Value [1.0, 0.0, 0.0] 

  | |   |   +-2 YY 

Axis 

Method Constant 

  | |   |   | |  Coordinate System Laboratory 

  | |   |   | `-

1 Constant 

Value [0.0, 1.0, 0.0] 

  | |   |   +-3 XX 

Component 

Method Constant 

  | |   |   | `-

1 Constant 

Value 0.0 kg/m^4 

  | |   |   +-4 YY 

Component 

Method Constant 

  | |   |   | `-

1 Constant 

Value 0.0 kg/m^4 

  | |   |   `-5 ZZ 

Component 

Method Constant 

  | |   |     `-

1 Constant 

Value 0.0 kg/m^4 

  | |   +-5 Porous 

Viscous Resistance 

Method Principal Tensor 

  | |   | `-

1 Principal Tensor 

    

  | |   |   +-1 XX 

Axis 

Method Constant 

  | |   |   | |  Coordinate System Laboratory 

  | |   |   | `-

1 Constant 

Value [1.0, 0.0, 0.0] 

  | |   |   +-2 YY 

Axis 

Method Constant 

  | |   |   | |  Coordinate System Laboratory 

  | |   |   | `-

1 Constant 

Value [0.0, 1.0, 0.0] 

  | |   |   +-3 XX 

Component 

Method Constant 

  | |   |   | `-

1 Constant 

Value 1.0E8 kg/m^3-s 

  | |   |   +-4 YY 

Component 

Method Constant 

  | |   |   | `-

1 Constant 

Value 100000.0 kg/m^3-s 

  | |   |   `-5 ZZ 

Component 

Method Constant 

  | |   |     `-

1 Constant 

Value 1.0E8 kg/m^3-s 

  | |   +-6 Solid 

Thermal Conductivity 

Method Isotropic Tensor 

  | |   | `-

1 Isotropic Tensor 

    

  | |   |   `-

1 Isotropic Component 

Method Constant 

  | |   |     `-

1 Constant 

Value 1.0 W/m-K 

  | |   +-7 Tortuosity Method Constant 

  | |   | `-

1 Constant 

Value 1.0 

  | |   +-

8 Turbulence Intensity 

Method Constant 

  | |   | `-

1 Constant 

Value 0.01 
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  | |   `-9 Turbulent 

Viscosity Ratio 

Method Constant 

  | |     `-

1 Constant 

Value 10.0 

  | +-3 Domain Index 0 

  | | |  Mesh Continuum Parts Meshes 

  | | |  Physics Continuum Air 

  | | |  Parts [Domain] 

  | | |  Type Fluid Region 

  | | |  Allow Per-Part Values false 

  | | |  Tags [] 

  | | +-1 Boundaries Part Surface Selection Priority [Domain: Engine, Domain: Domain Inlet, 
Domain: Domain Outlet, Domain: Domain 
Sides, Domain: Exhaust, Domain: Pylon, 
Domain: Radiator Inlet, Domain: Radiator 
Outlet, Domain: Radiator Sides, Domain: Top 
Tank, Domain: Bot Tank, Domain: Radiator 
Inlet [Interface 4], Domain: Radiator Outlet 
[Interface 5]] 

  | | | |  Boundaries 13 

  | | | +-1 Bot Tank Index 236 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Domain.Bot Tank] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-2 Domain 

Inlet 

Index 227 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Domain.Domain Inlet] 

  | | | | |  Type Velocity Inlet 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-1 Flow 

Direction Specification 

Method Boundary-Normal 

  | | | | | +-

2 Reference Frame 

Specification 

Option Lab Frame 

  | | | | | +-

3 Turbulence 

Specification 

Method Intensity + Viscosity Ratio 

  | | | | | `-

4 Velocity Specification 

Method Magnitude + Direction 

  | | | | `-2 Physics 

Values 
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  | | | |   +-

1 Static Temperature 

Method Constant 

  | | | |   | `-

1 Constant 

Value 33.0 C 

  | | | |   +-

2 Turbulence Intensity 

Method Constant 

  | | | |   | `-

1 Constant 

Value 0.01 

  | | | |   +-

3 Turbulent Viscosity 

Ratio 

Method Constant 

  | | | |   | `-

1 Constant 

Value 10.0 

  | | | |   `-

4 Velocity Magnitude 

Method Constant 

  | | | |     `-

1 Constant 

Value 0.0 m/s 

  | | | +-3 Domain 

Outlet 

Index 228 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Domain.Domain Outlet] 

  | | | | |  Type Pressure Outlet 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Backflow Specification 

Direction Boundary-Normal 

  | | | | | |  Pressure Environmental 

  | | | | | +-

2 Pressure Outlet Option 

Option None 

  | | | | | +-

3 Reference Frame 

Specification 

Option Lab Frame 

  | | | | | `-

4 Turbulence 

Specification 

Method Intensity + Viscosity Ratio 

  | | | | `-2 Physics 

Values 

    

  | | | |   +-

1 Pressure 

Method Constant 

  | | | |   | `-

1 Constant 

Value 0.0 Pa 

  | | | |   +-

2 Static Temperature 

Method Constant 

  | | | |   | `-

1 Constant 

Value 33.0 C 

  | | | |   +-

3 Turbulence Intensity 

Method Constant 

  | | | |   | `-

1 Constant 

Value 0.01 

  | | | |   `-

4 Turbulent Viscosity 

Ratio 

Method Constant 

  | | | |     `-

1 Constant 

Value 10.0 

  | | | +-4 Domain 

Sides 

Index 229 

  | | | |  Interfaces   

  | | | |  Part Surfaces [Domain.Domain Sides] 

  | | | |  Type Symmetry Plane 

  | | | |  Allow Per-Surface Values false 

  | | | |  Tags [] 

  | | | +-5 Engine Index 226 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Domain.Engine] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 
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  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-6 Exhaust Index 230 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Domain.Exhaust] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-7 Pylon Index 231 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Domain.Pylon] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 
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  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-8 Radiator 

Inlet 

Index 232 

  | | | | |  Interfaces Interface 4 

  | | | | |  Part Surfaces [Domain.Radiator Inlet 2] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-9 Radiator 

Inlet [Interface 4] 

Index 330 

  | | | |  Interfaces   

  | | | |  Part Surfaces [] 

  | | | |  Type Internal Interface Boundary 

  | | | |  Allow Per-Contact Values false 

  | | | |  Parent Interface Interface 4 

  | | | |  Tags [] 

  | | | +-10 Radiator 

Outlet 

Index 233 

  | | | | |  Interfaces Interface 5 

  | | | | |  Part Surfaces [Domain.Radiator Outlet 2] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 
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  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-11 Radiator 

Outlet [Interface 5] 

Index 332 

  | | | |  Interfaces   

  | | | |  Part Surfaces [] 

  | | | |  Type Internal Interface Boundary 

  | | | |  Allow Per-Contact Values false 

  | | | |  Parent Interface Interface 5 

  | | | |  Tags [] 

  | | | +-12 Radiator 

Sides 

Index 234 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Domain.Radiator Sides 2] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | `-13 Top 

Tank 

Index 235 

  | | |   |  Interfaces   

  | | |   |  Part Surfaces [Domain.Top Tank] 

  | | |   |  Type Wall 

  | | |   |  Allow Per-Surface Values false 

  | | |   |  Tags [] 

  | | |   +-1 Physics 

Conditions 

    

  | | |   | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | |   | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | |   | +-

3 Tangential Velocity 

Specification 

Method Fixed 
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  | | |   | +-

4 Thermal Specification 

Condition Adiabatic 

  | | |   | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | |   | `-6 Wall 

Surface Specification 

Method Smooth 

  | | |   `-2 Physics 

Values 

    

  | | |     `-

1 Blended Wall Function 

E 9.0 

  | | |        Kappa 0.42 

  | | +-2 Feature 

Curves 

Part Curve Selection Priority [Domain:Default Feature Curve] 

  | | | |  Feature Curves 1 

  | | | `-1 Default 

Feature Curve 

Part Curves [Domain.Default] 

  | | |    Tags [] 

  | | +-3 Physics 

Conditions 

    

  | | | +-1 Energy 

Source Option 

Energy Source Option None 

  | | | +-2 Initial 

Condition Option 

Option Use Continuum Values 

  | | | +-3 Mass 

Source Option 

Mass Source Option Disabled 

  | | | +-

4 Momentum Source 

Option 

Momentum Source Option None 

  | | | `-

5 Turbulence Source 

Option 

Turbulence Source Option None 

  | | `-4 Physics 

Values 

    

  | |   +-1 Axis Coordinate System Laboratory 

  | |   |  Origin [0.0, 0.0, 0.0] m 

  | |   |  Direction [0.0, 0.0, 1.0] 

  | |   `-2 Motion 

Specification 

Motion Stationary 

  | |      Reference Frame Lab Reference Frame 

  | +-4 Inlet tank Index 1 

  | | |  Mesh Continuum Parts Meshes 

  | | |  Physics Continuum Coolant 

  | | |  Parts [Inlet tank] 

  | | |  Type Fluid Region 

  | | |  Allow Per-Part Values false 

  | | |  Tags [] 

  | | +-1 Boundaries Part Surface Selection Priority [Inlet tank: Inlet Tank Interface, Inlet tank: 
Inlet Tank Divider, Inlet tank: Inlet Tank, Inlet 
tank: Inlet Tank in, Inlet tank: Inlet Tank 
Divider [Inlet tank/Outlet Tank], Inlet tank: 
Inlet Tank Interface [Interface 3]] 

  | | | |  Boundaries 6 

  | | | +-1 Inlet Tank Index 239 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Inlet tank.Inlet Tank] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 
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  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-2 Inlet Tank 

Divider 

Index 238 

  | | | | |  Interfaces Inlet tank/Outlet Tank 

  | | | | |  Part Surfaces [Inlet tank.Inlet Tank Divider] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-3 Inlet Tank 

Divider [Inlet tank/Outlet 
Tank] 

Index 269 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [] 

  | | | | |  Type Baffle Boundary 

  | | | | |  Allow Per-Contact Values false 

  | | | | |  Parent Interface Inlet tank/Outlet Tank 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | `-4 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 
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  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-4 Inlet Tank 

Interface 

Index 237 

  | | | | |  Interfaces Interface 3 

  | | | | |  Part Surfaces [Inlet tank.Inlet Tank Interface] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-5 Inlet Tank 

Interface [Interface 3] 

Index 471 

  | | | |  Interfaces   

  | | | |  Part Surfaces [] 

  | | | |  Type Internal Interface Boundary 

  | | | |  Allow Per-Contact Values false 

  | | | |  Parent Interface Interface 3 

  | | | |  Tags [] 

  | | | `-6 Inlet Tank 

in 

Index 240 

  | | |   |  Interfaces   

  | | |   |  Part Surfaces [Inlet tank.Inlet Tank in] 

  | | |   |  Type Mass Flow Inlet 

  | | |   |  Allow Per-Surface Values false 

  | | |   |  Tags [] 

  | | |   +-1 Physics 

Conditions 

    

  | | |   | +-1 Flow 

Direction Specification 

Method Boundary-Normal 

  | | |   | +-2 Mass 

Flow Option 

Specification Option Mass Flow Rate 

  | | |   | +-

3 Reference Frame 

Specification 

Option Lab Frame 

  | | |   | `-

4 Turbulence 

Specification 

Method Intensity + Viscosity Ratio 

  | | |   `-2 Physics 

Values 

    

  | | |     +-1 Mass 

Flow Rate 

Method Constant 

  | | |     | `-

1 Constant 

Value 0.09 kg/s 

  | | |     +-2 Total 

Temperature 

Method Constant 
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  | | |     | `-

1 Constant 

Value 107.6 C 

  | | |     +-

3 Turbulence Intensity 

Method Constant 

  | | |     | `-

1 Constant 

Value 0.01 

  | | |     `-

4 Turbulent Viscosity 

Ratio 

Method Constant 

  | | |       `-

1 Constant 

Value 10.0 

  | | +-2 Feature 

Curves 

Part Curve Selection Priority [Inlet tank:Default Feature Curve] 

  | | | |  Feature Curves 1 

  | | | `-1 Default 

Feature Curve 

Part Curves [Inlet tank.Default] 

  | | |    Tags [] 

  | | +-3 Physics 

Conditions 

    

  | | | +-1 Energy 

Source Option 

Energy Source Option None 

  | | | +-2 Initial 

Condition Option 

Option Use Continuum Values 

  | | | +-3 Mass 

Source Option 

Mass Source Option Disabled 

  | | | +-

4 Momentum Source 

Option 

Momentum Source Option None 

  | | | `-

5 Turbulence Source 

Option 

Turbulence Source Option None 

  | | `-4 Physics 

Values 

    

  | |   +-1 Axis Coordinate System Laboratory 

  | |   |  Origin [0.0, 0.0, 0.0] m 

  | |   |  Direction [0.0, 0.0, 1.0] 

  | |   `-2 Motion 

Specification 

Motion Stationary 

  | |      Reference Frame Lab Reference Frame 

  | +-5 Outlet Tank Index 2 

  | | |  Mesh Continuum Parts Meshes 

  | | |  Physics Continuum Coolant 

  | | |  Parts [Outlet Tank] 

  | | |  Type Fluid Region 

  | | |  Allow Per-Part Values false 

  | | |  Tags [] 

  | | +-1 Boundaries Part Surface Selection Priority [Outlet Tank: Outletank Divider, Outlet Tank: 
Outlet Tank, Outlet Tank: Outlet Tank out, 
Outlet Tank: Outlet Tank Interface, Outlet 
Tank: Outletank Divider [Inlet tank/Outlet 
Tank], Outlet Tank: Outlet Tank Interface 
[Interface 2]] 

  | | | |  Boundaries 6 

  | | | +-1 Outlet 

Tank 

Index 242 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Outlet Tank.Outlet Tank] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 
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  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-2 Outlet 

Tank Interface 

Index 244 

  | | | | |  Interfaces Interface 2 

  | | | | |  Part Surfaces [Outlet Tank.Outlet Tank Interface] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | +-3 Outlet 

Tank Interface [Interface 
2] 

Index 469 

  | | | |  Interfaces   

  | | | |  Part Surfaces [] 

  | | | |  Type Internal Interface Boundary 

  | | | |  Allow Per-Contact Values false 

  | | | |  Parent Interface Interface 2 

  | | | |  Tags [] 

  | | | +-4 Outlet 

Tank out 

Index 243 

  | | | | |  Interfaces   

  | | | | |  Part Surfaces [Outlet Tank.Outletank outlet] 

  | | | | |  Type Pressure Outlet 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Backflow Specification 

Direction Boundary-Normal 

  | | | | | |  Pressure Environmental 

  | | | | | +-

2 Pressure Outlet Option 

Option None 
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  | | | | | +-

3 Reference Frame 

Specification 

Option Lab Frame 

  | | | | | `-

4 Turbulence 

Specification 

Method Intensity + Viscosity Ratio 

  | | | | `-2 Physics 

Values 

    

  | | | |   +-

1 Pressure 

Method Constant 

  | | | |   | `-

1 Constant 

Value 0.0 Pa 

  | | | |   +-

2 Static Temperature 

Method Constant 

  | | | |   | `-

1 Constant 

Value 300.0 K 

  | | | |   +-

3 Turbulence Intensity 

Method Constant 

  | | | |   | `-

1 Constant 

Value 0.01 

  | | | |   `-

4 Turbulent Viscosity 

Ratio 

Method Constant 

  | | | |     `-

1 Constant 

Value 10.0 

  | | | +-5 Outletank 

Divider 

Index 241 

  | | | | |  Interfaces Inlet tank/Outlet Tank 

  | | | | |  Part Surfaces [Outlet Tank.Outletank Divider] 

  | | | | |  Type Wall 

  | | | | |  Allow Per-Surface Values false 

  | | | | |  Tags [] 

  | | | | +-1 Physics 

Conditions 

    

  | | | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  | | | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | | | | +-

4 Thermal Specification 

Condition Adiabatic 

  | | | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  | | | | | `-6 Wall 

Surface Specification 

Method Smooth 

  | | | | `-2 Physics 

Values 

    

  | | | |   `-

1 Blended Wall Function 

E 9.0 

  | | | |      Kappa 0.42 

  | | | `-6 Outletank 

Divider [Inlet tank/Outlet 
Tank] 

Index 268 

  | | |   |  Interfaces   

  | | |   |  Part Surfaces [] 

  | | |   |  Type Baffle Boundary 

  | | |   |  Allow Per-Contact Values false 

  | | |   |  Parent Interface Inlet tank/Outlet Tank 

  | | |   |  Tags [] 

  | | |   +-1 Physics 

Conditions 

    

  | | |   | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 
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  | | |   | +-

2 Shear Stress 

Specification 

Method No-Slip 

  | | |   | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  | | |   | `-4 Wall 

Surface Specification 

Method Smooth 

  | | |   `-2 Physics 

Values 

    

  | | |     `-

1 Blended Wall Function 

E 9.0 

  | | |        Kappa 0.42 

  | | +-2 Feature 

Curves 

Part Curve Selection Priority [Outlet Tank:Default Feature Curve] 

  | | | |  Feature Curves 1 

  | | | `-1 Default 

Feature Curve 

Part Curves [Outlet Tank.Default] 

  | | |    Tags [] 

  | | +-3 Physics 

Conditions 

    

  | | | +-1 Energy 

Source Option 

Energy Source Option None 

  | | | +-2 Initial 

Condition Option 

Option Use Continuum Values 

  | | | +-3 Mass 

Source Option 

Mass Source Option Disabled 

  | | | +-

4 Momentum Source 

Option 

Momentum Source Option None 

  | | | `-

5 Turbulence Source 

Option 

Turbulence Source Option None 

  | | `-4 Physics 

Values 

    

  | |   +-1 Axis Coordinate System Laboratory 

  | |   |  Origin [0.0, 0.0, 0.0] m 

  | |   |  Direction [0.0, 0.0, 1.0] 

  | |   `-2 Motion 

Specification 

Motion Stationary 

  | |      Reference Frame Lab Reference Frame 

  | `-6 Top tank Index 4 

  |   |  Mesh Continuum Parts Meshes 

  |   |  Physics Continuum Coolant 

  |   |  Parts [Top tank] 

  |   |  Type Fluid Region 

  |   |  Allow Per-Part Values false 

  |   |  Tags [] 

  |   +-1 Boundaries Part Surface Selection Priority [Top tank: Top Tank, Top tank: Top Tank 
Interface, Top tank: Top Tank Interface 
[Interface 1]] 

  |   | |  Boundaries 3 

  |   | +-1 Top Tank Index 251 

  |   | | |  Interfaces   

  |   | | |  Part Surfaces [Top tank.Top Tank] 

  |   | | |  Type Wall 

  |   | | |  Allow Per-Surface Values false 

  |   | | |  Tags [] 

  |   | | +-1 Physics 

Conditions 

    

  |   | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  |   | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  |   | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 
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  |   | | | +-

4 Thermal Specification 

Condition Adiabatic 

  |   | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  |   | | | `-6 Wall 

Surface Specification 

Method Smooth 

  |   | | `-2 Physics 

Values 

    

  |   | |   `-

1 Blended Wall Function 

E 9.0 

  |   | |      Kappa 0.42 

  |   | +-2 Top Tank 

Interface 

Index 282 

  |   | | |  Interfaces Interface 1 

  |   | | |  Part Surfaces [Top tank.Top Tank interface] 

  |   | | |  Type Wall 

  |   | | |  Allow Per-Surface Values false 

  |   | | |  Tags [] 

  |   | | +-1 Physics 

Conditions 

    

  |   | | | +-

1 Reference Frame 

Specification 

Option Region Reference Frame 

  |   | | | +-

2 Shear Stress 

Specification 

Method No-Slip 

  |   | | | +-

3 Tangential Velocity 

Specification 

Method Fixed 

  |   | | | +-

4 Thermal Specification 

Condition Adiabatic 

  |   | | | +-5 User 

Wall Heat Flux Coefficient 
Specification 

Method None 

  |   | | | `-6 Wall 

Surface Specification 

Method Smooth 

  |   | | `-2 Physics 

Values 

    

  |   | |   `-

1 Blended Wall Function 

E 9.0 

  |   | |      Kappa 0.42 

  |   | `-3 Top Tank 

Interface [Interface 1] 

Index 467 

  |   |    Interfaces   

  |   |    Part Surfaces [] 

  |   |    Type Internal Interface Boundary 

  |   |    Allow Per-Contact Values false 

  |   |    Parent Interface Interface 1 

  |   |    Tags [] 

  |   +-2 Feature 

Curves 

Part Curve Selection Priority [Top tank:Default Feature Curve] 

  |   | |  Feature Curves 1 

  |   | `-1 Default 

Feature Curve 

Part Curves [Top tank.Default] 

  |   |    Tags [] 

  |   +-3 Physics 

Conditions 

    

  |   | +-1 Energy 

Source Option 

Energy Source Option None 

  |   | +-2 Initial 

Condition Option 

Option Use Continuum Values 

  |   | +-3 Mass 

Source Option 

Mass Source Option Disabled 

  |   | +-

4 Momentum Source 

Option 

Momentum Source Option None 
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  |   | `-

5 Turbulence Source 

Option 

Turbulence Source Option None 

  |   `-4 Physics 

Values 

    

  |     +-1 Axis Coordinate System Laboratory 

  |     |  Origin [0.0, 0.0, 0.0] m 

  |     |  Direction [0.0, 0.0, 1.0] 

  |     `-2 Motion 

Specification 

Motion Stationary 

  |        Reference Frame Lab Reference Frame 

  +-4 Representations     

  | +-1 Geometry Tags [] 

  | | +-1 Automated 

Mesh.Remesh 

Tags [] 

  | | `-2 Latest Tags [] 

  | `-2 Volume Mesh Cells 4005037 

  |   |  Interior Faces 24311721 

  |   |  Vertices 19120505 

  |   |  Tags [] 

  |   +-1 Finite 

Volume Regions 

    

  |   | +-1 Air Core Cells 95000 

  |   | | |  Interior Faces 644130 

  |   | | |  Vertices 561796 

  |   | | |  Edges 0 

  |   | | `-1 Finite 

Volume Boundaries 

    

  |   | |   +-

1 Outlet Interface 

Faces 270 

  |   | |   +-

2 Radiator Bot Inet 

inteface 

Faces 204 

  |   | |   +-

3 Radiator Inlet 

Faces 0 

  |   | |   +-

4 Radiator Inlet [Interface 

4] 

Faces 4666 

  |   | |   +-

5 Radiator Outlet 

Faces 0 

  |   | |   +-

6 Radiator Outlet 

[Interface 5] 

Faces 4666 

  |   | |   +-

7 Radiator Sides 

Faces 2388 

  |   | |   `-

8 Radiator Top inteface 

Faces 468 

  |   | +-2 Coolant 

core 

Cells 95000 

  |   | | |  Interior Faces 644130 

  |   | | |  Vertices 561796 

  |   | | |  Edges 0 

  |   | | `-1 Finite 

Volume Boundaries 

    

  |   | |   +-

1 Outlet Interface 

Faces 0 

  |   | |   +-

2 Outlet Interface 

[Interface 2] 

Faces 270 

  |   | |   +-

3 Radiator Bot Inet 

inteface 

Faces 0 

  |   | |   +-

4 Radiator Bot Inet 

inteface [Interface 3] 

Faces 204 

  |   | |   +-

5 Radiator Inlet 

Faces 4666 

  |   | |   +-

6 Radiator Outlet 

Faces 4666 



156 

 

  |   | |   +-

7 Radiator Sides 

Faces 2388 

  |   | |   +-

8 Radiator Top inteface 

Faces 0 

  |   | |   `-

9 Radiator Top inteface 

[Interface 1] 

Faces 468 

  |   | +-3 Domain Cells 3788651 

  |   | | |  Interior Faces 22849287 

  |   | | |  Vertices 17843084 

  |   | | |  Edges 0 

  |   | | `-1 Finite 

Volume Boundaries 

    

  |   | |   +-1 Bot 

Tank 

Faces 3357 

  |   | |   +-

2 Domain Inlet 

Faces 124 

  |   | |   +-

3 Domain Outlet 

Faces 123 

  |   | |   +-

4 Domain Sides 

Faces 810 

  |   | |   +-

5 Engine 

Faces 19672 

  |   | |   +-

6 Exhaust 

Faces 10281 

  |   | |   +-

7 Pylon 

Faces 62777 

  |   | |   +-

8 Radiator Inlet 

Faces 0 

  |   | |   +-

9 Radiator Inlet [Interface 

4] 

Faces 4666 

  |   | |   +-

10 Radiator Outlet 

Faces 0 

  |   | |   +-

11 Radiator Outlet 

[Interface 5] 

Faces 4666 

  |   | |   +-

12 Radiator Sides 

Faces 2388 

  |   | |   `-13 Top 

Tank 

Faces 1428 

  |   | +-4 Inlet tank Cells 6463 

  |   | | |  Interior Faces 42786 

  |   | | |  Vertices 37803 

  |   | | |  Edges 0 

  |   | | `-1 Finite 

Volume Boundaries 

    

  |   | |   +-1 Inlet 

Tank 

Faces 1071 

  |   | |   +-2 Inlet 

Tank Divider 

Faces 0 

  |   | |   +-3 Inlet 

Tank Divider [Inlet 
tank/Outlet Tank] 

Faces 182 

  |   | |   +-4 Inlet 

Tank Interface 

Faces 0 

  |   | |   +-5 Inlet 

Tank Interface [Interface 3] 

Faces 204 

  |   | |   `-6 Inlet 

Tank in 

Faces 47 

  |   | +-5 Outlet 

Tank 

Cells 12618 

  |   | | |  Interior Faces 83470 

  |   | | |  Vertices 73510 

  |   | | |  Edges 0 

  |   | | `-1 Finite 

Volume Boundaries 

    

  |   | |   +-

1 Outlet Tank 

Faces 2179 
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  |   | |   +-

2 Outlet Tank Interface 

Faces 0 

  |   | |   +-

3 Outlet Tank Interface 

[Interface 2] 

Faces 270 

  |   | |   +-

4 Outlet Tank out 

Faces 60 

  |   | |   +-

5 Outletank Divider 

Faces 0 

  |   | |   `-

6 Outletank Divider [Inlet 

tank/Outlet Tank] 

Faces 182 

  |   | `-6 Top tank Cells 7305 

  |   |   |  Interior Faces 47918 

  |   |   |  Vertices 42516 

  |   |   |  Edges 0 

  |   |   `-1 Finite 

Volume Boundaries 

    

  |   |     +-1 Top 

Tank 

Faces 1428 

  |   |     +-2 Top 

Tank Interface 

Faces 0 

  |   |     `-3 Top 

Tank Interface [Interface 1] 

Faces 468 

  |   `-2 Cell Sets     

  +-5 Contacts     

  | +-1 Domain/Inlet 

tank 

Part 1 [Domain] 

  | | |  Part 2 [Inlet tank] 

  | | +-1 Bot 

Tank/Inlet Tank 

Part Surface 1 Domain.Bot Tank 

  | | |  Part Surface 2 Inlet tank.Inlet Tank 

  | | |  Conformality STRONG_CONTACT 

  | | |  Metadata (Lidar, 2018) 

  | | |  Index 83 

  | | |  Interface [] 

  | | |  Tags [] 

  | | `-2 Bot 

Tank/Inlet Tank in 

Part Surface 1 Domain.Bot Tank 

  | |    Part Surface 2 Inlet tank.Inlet Tank in 

  | |    Conformality STRONG_CONTACT 

  | |    Metadata (Lidar, 2018) 

  | |    Index 84 

  | |    Interface [] 

  | |    Tags [] 

  | +-2 Domain/Outlet 

Tank 

Part 1 [Domain] 

  | | |  Part 2 [Outlet Tank] 

  | | +-1 Bot 

Tank/Outlet Tank 

Part Surface 1 Domain.Bot Tank 

  | | |  Part Surface 2 Outlet Tank.Outlet Tank 

  | | |  Conformality STRONG_CONTACT 

  | | |  Metadata (Lidar, 2018) 

  | | |  Index 85 

  | | |  Interface [] 

  | | |  Tags [] 

  | | `-2 Bot 

Tank/Outletank outlet 

Part Surface 1 Domain.Bot Tank 

  | |    Part Surface 2 Outlet Tank.Outletank outlet 

  | |    Conformality STRONG_CONTACT 

  | |    Metadata (Lidar, 2018) 

  | |    Index 107 

  | |    Interface [] 

  | |    Tags [] 

  | +-

3 Domain/Radiator 

Part 1 [Domain] 

  | | |  Part 2 [Radiator] 

  | | +-1 Radiator Inlet 

2/Radiator Inlet 

Part Surface 1 Domain.Radiator Inlet 2 
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  | | |  Part Surface 2 Radiator.Radiator Inlet 

  | | |  Conformality STRONG_CONTACT 

  | | |  Metadata (Lidar, 2018) 

  | | |  Index 101 

  | | |  Interface [] 

  | | |  Tags [] 

  | | +-2 Radiator 

Outlet 2/RadiatorOutlet 

Part Surface 1 Domain.Radiator Outlet 2 

  | | |  Part Surface 2 Radiator.RadiatorOutlet 

  | | |  Conformality STRONG_CONTACT 

  | | |  Metadata (Lidar, 2018) 

  | | |  Index 102 

  | | |  Interface [] 

  | | |  Tags [] 

  | | `-3 Radiator 

Sides 2/Radiator Sides 

Part Surface 1 Domain.Radiator Sides 2 

  | |    Part Surface 2 Radiator.Radiator Sides 

  | |    Conformality STRONG_CONTACT 

  | |    Metadata (Lidar, 2018) 

  | |    Index 103 

  | |    Interface [] 

  | |    Tags [] 

  | +-4 Domain/Top 

tank 

Part 1 [Domain] 

  | | |  Part 2 [Top tank] 

  | | `-1 Top 

Tank/Top Tank 

Part Surface 1 Domain.Top Tank 

  | |    Part Surface 2 Top tank.Top Tank 

  | |    Conformality STRONG_CONTACT 

  | |    Metadata (Lidar, 2018) 

  | |    Index 88 

  | |    Interface [] 

  | |    Tags [] 

  | +-5 Outlet 

Tank/Inlet tank 

Part 1 [Outlet Tank] 

  | | |  Part 2 [Inlet tank] 

  | | `-1 Outletank 

Divider/Inlet Tank Divider 

Part Surface 1 Outlet Tank.Outletank Divider 

  | |    Part Surface 2 Inlet tank.Inlet Tank Divider 

  | |    Conformality STRONG_CONTACT 

  | |    Metadata (Lidar, 2018) 

  | |    Index 82 

  | |    Interface [] 

  | |    Tags [] 

  | +-6 Outlet 

Tank/Radiator 

Part 1 [Outlet Tank] 

  | | |  Part 2 [Radiator] 

  | | `-1 Outlet Tank 

Interface/Outlet Interface 

Part Surface 1 Outlet Tank.Outlet Tank Interface 

  | |    Part Surface 2 Radiator.Outlet Interface 

  | |    Conformality STRONG_CONTACT 

  | |    Metadata (Lidar, 2018) 

  | |    Index 87 

  | |    Interface [] 

  | |    Tags [] 

  | +-7 Radiator/Inlet 

tank 

Part 1 [Radiator] 

  | | |  Part 2 [Inlet tank] 

  | | `-1 Radiator Bot 

Inet inteface/Inlet Tank 
Interface 

Part Surface 1 Radiator.Radiator Bot Inet inteface 

  | |    Part Surface 2 Inlet tank.Inlet Tank Interface 

  | |    Conformality STRONG_CONTACT 

  | |    Metadata (Lidar, 2018) 

  | |    Index 93 

  | |    Interface [] 

  | |    Tags [] 
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  | `-8 Radiator/Top 

tank 

Part 1 [Radiator] 

  |   |  Part 2 [Top tank] 

  |   `-1 Radiator Top 

inteface/Top Tank interface 

Part Surface 1 Radiator.Radiator Top inteface 

  |      Part Surface 2 Top tank.Top Tank interface 

  |      Conformality STRONG_CONTACT 

  |      Metadata (Lidar, 2018) 

  |      Index 104 

  |      Interface [] 

  |      Tags [] 

  +-6 Parts     

  | +-1 Domain Metadata (Lidar, 2018) 

  | | |  Index 20 

  | | |  Region [Domain] 

  | | |  Contacts [Outlet Tank, Radiator, Inlet tank, Top tank] 

  | | |  Descriptions [Root, Automated Mesh.Remesh] 

  | | |  Face Count 38090 

  | | |  Tags [] 

  | | +-1 Surfaces     

  | | | +-1 Bot Tank Metadata (Lidar, 2018) 

  | | | |  Index 93 

  | | | |  Boundary [Domain: Bot Tank] 

  | | | |  Tags [] 

  | | | +-2 Domain 

Inlet 

Metadata (Lidar, 2018) 

  | | | |  Index 77 

  | | | |  Boundary [Domain: Domain Inlet] 

  | | | |  Tags [] 

  | | | +-3 Domain 

Outlet 

Metadata {} 

  | | | |  Index 78 

  | | | |  Boundary [Domain: Domain Outlet] 

  | | | |  Tags [] 

  | | | +-4 Domain 

Sides 

Metadata {} 

  | | | |  Index 79 

  | | | |  Boundary [Domain: Domain Sides] 

  | | | |  Tags [] 

  | | | +-5 Engine Metadata {} 

  | | | |  Index 72 

  | | | |  Boundary [Domain: Engine] 

  | | | |  Tags [] 

  | | | +-6 Exhaust Metadata {} 

  | | | |  Index 80 

  | | | |  Boundary [Domain: Exhaust] 

  | | | |  Tags [] 

  | | | +-7 Pylon Metadata {} 

  | | | |  Index 83 

  | | | |  Boundary [Domain: Pylon] 

  | | | |  Tags [] 

  | | | +-8 Radiator 

Inlet 2 

Metadata {} 

  | | | |  Index 107 

  | | | |  Boundary [Domain: Radiator Inlet] 

  | | | |  Tags [] 

  | | | +-9 Radiator 

Outlet 2 

Metadata {} 

  | | | |  Index 108 

  | | | |  Boundary [Domain: Radiator Outlet] 

  | | | |  Tags [] 

  | | | +-10 Radiator 

Sides 2 

Metadata {} 

  | | | |  Index 109 

  | | | |  Boundary [Domain: Radiator Sides] 

  | | | |  Tags [] 

  | | | `-11 Top 

Tank 

Metadata {} 
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  | | |    Index 92 

  | | |    Boundary [Domain: Top Tank] 

  | | |    Tags [] 

  | | `-2 Curves     

  | |   `-1 Default Feature Curve [Domain:Default Feature Curve] 

  | |      Index 20 

  | |      Tags [] 

  | +-2 Inlet tank Metadata {} 

  | | |  Index 23 

  | | |  Region [Inlet tank] 

  | | |  Contacts [Domain, Outlet Tank, Radiator] 

  | | |  Descriptions [Root, Automated Mesh.Remesh] 

  | | |  Face Count 196 

  | | |  Tags [] 

  | | +-1 Surfaces     

  | | | +-1 Inlet Tank Metadata {} 

  | | | |  Index 95 

  | | | |  Boundary [Inlet tank: Inlet Tank] 

  | | | |  Tags [] 

  | | | +-2 Inlet Tank 

Divider 

Metadata {} 

  | | | |  Index 94 

  | | | |  Boundary [Inlet tank: Inlet Tank Divider] 

  | | | |  Tags [] 

  | | | +-3 Inlet Tank 

Interface 

Metadata {} 

  | | | |  Index 75 

  | | | |  Boundary [Inlet tank: Inlet Tank Interface] 

  | | | |  Tags [] 

  | | | `-4 Inlet Tank 

in 

Metadata {} 

  | | |    Index 96 

  | | |    Boundary [Inlet tank: Inlet Tank in] 

  | | |    Tags [] 

  | | `-2 Curves     

  | |   `-1 Default Feature Curve [Inlet tank:Default Feature Curve] 

  | |      Index 23 

  | |      Tags [] 

  | +-3 Outlet Tank Metadata {} 

  | | |  Index 21 

  | | |  Region [Outlet Tank] 

  | | |  Contacts [Domain, Radiator, Inlet tank] 

  | | |  Descriptions [Root, Automated Mesh.Remesh] 

  | | |  Face Count 196 

  | | |  Tags [] 

  | | +-1 Surfaces     

  | | | +-1 Outlet 

Tank 

Metadata {} 

  | | | |  Index 97 

  | | | |  Boundary [Outlet Tank: Outlet Tank] 

  | | | |  Tags [] 

  | | | +-2 Outlet 

Tank Interface 

Metadata {} 

  | | | |  Index 99 

  | | | |  Boundary [Outlet Tank: Outlet Tank Interface] 

  | | | |  Tags [] 

  | | | +-3 Outletank 

Divider 

Metadata {} 

  | | | |  Index 73 

  | | | |  Boundary [Outlet Tank: Outletank Divider] 

  | | | |  Tags [] 

  | | | `-4 Outletank 

outlet 

Metadata {} 

  | | |    Index 117 

  | | |    Boundary [Outlet Tank: Outlet Tank out] 

  | | |    Tags [] 

  | | `-2 Curves     
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  | |   `-1 Default Feature Curve [Outlet Tank:Default Feature Curve] 

  | |      Index 21 

  | |      Tags [] 

  | +-4 RAdiator inlet 

flow 2 

Metadata {} 

  | | |  Index 25 

  | | |  Region [] 

  | | |  Contacts [] 

  | | |  Descriptions [Root] 

  | | |  Face Count 12 

  | | |  Coordinate System Laboratory 

  | | |  Corner 1 [-0.018423802706225373, -
0.5862185303852938, -
0.08710683553396245] m,m,m 

  | | |  Corner 2 [0.15400202865356863, -
0.1634631370945906, 
0.011463917466980167] m,m,m 

  | | |  Tags [] 

  | | +-1 Surfaces     

  | | | `-1 Block 

Surface 

Metadata {} 

  | | |    Index 115 

  | | |    Boundary [] 

  | | |    Tags [] 

  | | `-2 Curves     

  | |   `-1 Block 

Curve 

Feature Curve [] 

  | |      Index 25 

  | |      Tags [] 

  | +-5 Radiator Metadata {} 

  | | |  Index 22 

  | | |  Region [Air Core] 

  | | |  Contacts [Domain, Outlet Tank, Inlet tank, Top tank] 

  | | |  Descriptions [Root, Automated Mesh.Remesh] 

  | | |  Face Count 16 

  | | |  Tags [] 

  | | +-1 Surfaces     

  | | | +-1 Outlet 

Interface 

Metadata {} 

  | | | |  Index 74 

  | | | |  Boundary [Air Core: Outlet Interface] 

  | | | |  Tags [] 

  | | | +-2 Radiator 

Bot Inet inteface 

Metadata {} 

  | | | |  Index 105 

  | | | |  Boundary [Air Core: Radiator Bot Inet inteface] 

  | | | |  Tags [] 

  | | | +-3 Radiator 

Inlet 

Metadata {} 

  | | | |  Index 102 

  | | | |  Boundary [Air Core: Radiator Inlet] 

  | | | |  Tags [] 

  | | | +-4 Radiator 

Sides 

Metadata {} 

  | | | |  Index 103 

  | | | |  Boundary [Air Core: Radiator Sides] 

  | | | |  Tags [] 

  | | | +-5 Radiator 

Top inteface 

Metadata {} 

  | | | |  Index 104 

  | | | |  Boundary [Air Core: Radiator Top inteface] 

  | | | |  Tags [] 

  | | | `-

6 RadiatorOutlet 

Metadata {} 

  | | |    Index 101 

  | | |    Boundary [Air Core: Radiator Outlet] 

  | | |    Tags [] 

  | | `-2 Curves     
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  | |   `-1 Default Feature Curve [Air Core:Default Feature Curve] 

  | |      Index 22 

  | |      Tags [] 

  | +-6 Radiator flow Metadata {} 

  | | |  Index 9 

  | | |  Region [] 

  | | |  Contacts [] 

  | | |  Descriptions [Root] 

  | | |  Face Count 12 

  | | |  Coordinate System Laboratory 

  | | |  Corner 1 [-0.2418481268729029, -
0.6918509936667655, -
0.5992989410518377] m,m,m 

  | | |  Corner 2 [0.2759395270033004, 
0.2244041709474055, 
0.010687609143779142] m,m,m 

  | | |  Tags [] 

  | | +-1 Surfaces     

  | | | `-1 Block 

Surface 

Metadata {} 

  | | |    Index 44 

  | | |    Boundary [] 

  | | |    Tags [] 

  | | `-2 Curves     

  | |   `-1 Block 

Curve 

Feature Curve [] 

  | |      Index 9 

  | |      Tags [] 

  | +-7 Radiator Inlet Metadata {} 

  | | |  Index 10 

  | | |  Region [] 

  | | |  Contacts [] 

  | | |  Descriptions [Root] 

  | | |  Face Count 12 

  | | |  Coordinate System Laboratory 

  | | |  Corner 1 [-0.018423802706225373, -
0.5862185303852938, -
0.10320994078965723] m,m,m 

  | | |  Corner 2 [0.15400202865356863, -
0.16451695572747638, -
0.08710683553396242] m,m,m 

  | | |  Tags [] 

  | | +-1 Surfaces     

  | | | `-1 Block 

Surface 

Metadata {} 

  | | |    Index 45 

  | | |    Boundary [] 

  | | |    Tags [] 

  | | `-2 Curves     

  | |   `-1 Block 

Curve 

Feature Curve [] 

  | |      Index 10 

  | |      Tags [] 

  | +-8 Radiator Outlet Metadata {} 

  | | |  Index 11 

  | | |  Region [] 

  | | |  Contacts [] 

  | | |  Descriptions [Root] 

  | | |  Face Count 12 

  | | |  Coordinate System Laboratory 

  | | |  Corner 1 [-0.018423802706225345, -
0.5862185303852938, -
0.16163986238844485] m,m,m 

  | | |  Corner 2 [0.15360431116134454, -
0.16451695572747638, -
0.13750251250650358] m,m,m 

  | | |  Tags [] 

  | | +-1 Surfaces     



163 

 

  | | | `-1 Block 

Surface 

Metadata {} 

  | | |    Index 46 

  | | |    Boundary [] 

  | | |    Tags [] 

  | | `-2 Curves     

  | |   `-1 Block 

Curve 

Feature Curve [] 

  | |      Index 11 

  | |      Tags [] 

  | +-9 Radiator 

refinement 

Metadata {} 

  | | |  Index 26 

  | | |  Region [] 

  | | |  Contacts [] 

  | | |  Descriptions [Root] 

  | | |  Face Count 12 

  | | |  Coordinate System Laboratory 

  | | |  Corner 1 [-0.018423802706225345, -
0.6014237073687284, -
0.14790540511299524] m,m,m 

  | | |  Corner 2 [0.15360431116134454, -
0.14992751588898598, -
0.08833546837177689] m,m,m 

  | | |  Tags [] 

  | | +-1 Surfaces     

  | | | `-1 Block 

Surface 

Metadata {} 

  | | |    Index 119 

  | | |    Boundary [] 

  | | |    Tags [] 

  | | `-2 Curves     

  | |   `-1 Block 

Curve 

Feature Curve [] 

  | |      Index 26 

  | |      Tags [] 

  | +-10 Top tank Metadata {} 

  | | |  Index 24 

  | | |  Region [Top tank] 

  | | |  Contacts [Domain, Radiator] 

  | | |  Descriptions [Root, Automated Mesh.Remesh] 

  | | |  Face Count 12 

  | | |  Tags [] 

  | | +-1 Surfaces     

  | | | +-1 Top Tank Metadata {} 

  | | | |  Index 100 

  | | | |  Boundary [Top tank: Top Tank] 

  | | | |  Tags [] 

  | | | `-2 Top Tank 

interface 

Metadata {} 

  | | |    Index 116 

  | | |    Boundary [Top tank: Top Tank Interface] 

  | | |    Tags [] 

  | | `-2 Curves     

  | |   `-1 Default Feature Curve [Top tank:Default Feature Curve] 

  | |      Index 24 

  | |      Tags [] 

  | +-11 Virtual Prop Metadata {} 

  | | |  Index 8 

  | | |  Region [] 

  | | |  Contacts [] 

  | | |  Descriptions [Root] 

  | | |  Face Count 308 

  | | |  Coordinate System Laboratory 

  | | |  Start Coordinate [0.0, 0.0, 0.01] m,m,m 

  | | |  End Coordinate [0.0, 0.0, 0.08] m,m,m 

  | | |  Radius 0.8 m 

  | | |  Tags [] 
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  | | +-1 Surfaces     

  | | | `-1 Cylinder 

Surface 

Metadata {} 

  | | |    Index 43 

  | | |    Boundary [] 

  | | |    Tags [] 

  | | `-2 Curves     

  | |   `-1 Cylinder 

Curve 

Feature Curve [] 

  | |      Index 8 

  | |      Tags [] 

  | `-12 Virtual Prop 

inlet refinement 

Metadata {} 

  |   |  Index 27 

  |   |  Region [] 

  |   |  Contacts [] 

  |   |  Descriptions [Root] 

  |   |  Face Count 300 

  |   |  Coordinate System Laboratory 

  |   |  Start Coordinate [0.0, 0.0, 0.8] m,m,m 

  |   |  End Coordinate [0.0, 0.0, 0.08] m,m,m 

  |   |  Radius 1.6 m 

  |   |  Tags [] 

  |   +-1 Surfaces     

  |   | `-1 Cylinder 

Surface 

Metadata {} 

  |   |    Index 120 

  |   |    Boundary [] 

  |   |    Tags [] 

  |   `-2 Curves     

  |     `-1 Cylinder 

Curve 

Feature Curve [] 

  |        Index 27 

  |        Tags [] 

  +-7 3D-CAD Models     

  | `-1 3D-CAD Model 

1 

Part Update Method UPDATE_GEOMETRY 

  |   |  Tags [] 

  |   +-1 Bodies     

  |   | +-1 Top tank Tags [] 

  |   | +-2 Inlet Tank Tags [] 

  |   | +-3 Air Core Tags [] 

  |   | +-4 Domain Tags [] 

  |   | `-5 Outlet 

Tank 

Tags [] 

  |   +-2 Features     

  |   | +-1 XY Error Message   

  |   | |  Origin [0.0, 0.0, 0.0] m 

  |   | |  X-Axis [1.0, 0.0, 0.0] 

  |   | |  Y-Axis [0.0, 1.0, 0.0] 

  |   | |  Tags [] 

  |   | +-2 YZ Error Message   

  |   | |  Origin [0.0, 0.0, 0.0] m 

  |   | |  X-Axis [0.0, 1.0, 0.0] 

  |   | |  Y-Axis [0.0, 0.0, 1.0] 

  |   | |  Tags [] 

  |   | +-3 ZX Error Message   

  |   | |  Origin [0.0, 0.0, 0.0] m 

  |   | |  X-Axis [0.0, 0.0, 1.0] 

  |   | |  Y-Axis [1.0, 0.0, 0.0] 

  |   | |  Tags [] 

  |   | +-4 Global 

Origin 

Error Message   

  |   | |  Position [0.0, 0.0, 0.0] 

  |   | |  Tags [] 

  |   | +-5 Lab 

Coordinate System 

Error Message   
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  |   | |  Origin [0.0, 0.0, 0.0] 

  |   | |  X-axis Direction [1.0, 0.0, 0.0] 

  |   | |  Y-axis Direction [0.0, 1.0, 0.0] 

  |   | |  Tags [] 

  |   | +-6 SL 

system 

Error Message   

  |   | |  Tags [] 

  |   | +-7 Domian Error Message   

  |   | |  Tags [] 

  |   | +-8 Sketch 1 Error Message   

  |   | |  Tags [] 

  |   | +-9 Extrude 1 Error Message   

  |   | |  Sketch Sketch 1 

  |   | |  Method Blind 

  |   | |  Direction Type Normal 

  |   | |  Extrusion Options TwoWayAsymmetric 

  |   | |  Distance 4.0 m 

  |   | |  Asym. Distance 30.0 m 

  |   | |  Draft None 

  |   | |  Draft Angle 10.0 deg 

  |   | |  Offset Distance 0.1 m 

  |   | |  Body Type Solid 

  |   | |  Body Interaction None 

  |   | |  Bodies To Interact All 

  |   | |  Tags [] 

  |   | +-

10 SubtractBodies 1 

Error Message   

  |   | |  Keep Tool Bodies false 

  |   | |  Imprint false 

  |   | |  Precision Type Precise 

  |   | |  Tolerance 1.0E-5 m 

  |   | |  Transfer Face Names true 

  |   | |  Transfer Body Names false 

  |   | |  Tags [] 

  |   | +-

11 DeleteBody 1 

Error Message   

  |   | |  Delete Mode Manual 

  |   | |  Solids None 

  |   | |  Minimum Volume 0.001 m^3 

  |   | |  Maximum Volume 0.002 m^3 

  |   | |  Sheets None 

  |   | |  Minimum Area 0.001 m^2 

  |   | |  Maximum Area 0.002 m^2 

  |   | |  Tags [] 

  |   | +-12 Sketch 2 Error Message   

  |   | |  Tags [] 

  |   | +-13 Extrude 

2 

Error Message   

  |   | |  Sketch Sketch 2 

  |   | |  Method Blind 

  |   | |  Direction Type Normal 

  |   | |  Extrusion Options TwoWayAsymmetric 

  |   | |  Distance 0.1 m 

  |   | |  Asym. Distance 0.015 m 

  |   | |  Draft None 

  |   | |  Draft Angle 10.0 deg 

  |   | |  Offset Distance 0.1 m 

  |   | |  Body Type Solid 

  |   | |  Body Interaction Merge 

  |   | |  Bodies To Interact Selected 

  |   | |  Tags [] 

  |   | +-

14 SubtractBodies 2 

Error Message   

  |   | |  Keep Tool Bodies true 

  |   | |  Imprint true 

  |   | |  Precision Type Precise 

  |   | |  Tolerance 1.0E-5 m 

  |   | |  Transfer Face Names true 
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  |   | |  Transfer Body Names false 

  |   | |  Tags [] 

  |   | +-

15 SubtractBodies 3 

Error Message   

  |   | |  Keep Tool Bodies true 

  |   | |  Imprint true 

  |   | |  Precision Type Precise 

  |   | |  Tolerance 1.0E-5 m 

  |   | |  Transfer Face Names true 

  |   | |  Transfer Body Names false 

  |   | |  Tags [] 

  |   | `-

16 ImportCad 1 

Error Message   

  |   |    Tags [] 

  |   `-3 Design 

Parameters 

    

  +-8 Operations     

  | `-1 Automated 

Mesh 

Per-Part Meshing false 

  |   |  Mesher Execution Mode Serial 

  |   |  Input Parts [Domain, Inlet tank, Outlet Tank, Radiator, 
Top tank] 

  |   |  Perform Local Surface Meshing false 

  |   |  Preserve Surface Perimeters None 

  |   |  Verbose Output false 

  |   |  Tags [] 

  |   +-1 Meshers     

  |   | +-1 Surface 

Remesher 

Perform Curvature Refinement true 

  |   | |  Perform Proximity Refinement true 

  |   | |  Perform Compatibility Refinement false 

  |   | |  Create Aligned Meshes true 

  |   | |  Minimum Face Quality 0.05 

  |   | +-2 Automatic 

Surface Repair 

Connected Surface Count Limit None 

  |   | |  Connected Surface Size Limit(s) None 

  |   | |  Minimum Face Quality 0.05 

  |   | +-3 Polyhedral 

Mesher 

Run Optimizer true 

  |   | |  Optimize Boundary Vertices false 

  |   | |  Enable Growth Rate false 

  |   | |  Optimization Cycles 1 

  |   | |  Quality Threshold 0.4 

  |   | `-4 Prism 

Layer Mesher 

Stretching Function Geometric Progression 

  |   |    Distribution Mode Stretch Factor 

  |   |    Boundary March Angle 50.0 

  |   |    Gap Fill Percentage 25.0 

  |   |    Minimum Thickness Percentage 10.0 

  |   |    Layer Reduction Percentage 50.0 

  |   |    Concave Angle Limit 0.0 

  |   |    Convex Angle Limit 360.0 

  |   |    Near Core Layer Aspect Ratio 0.0 

  |   +-2 Default 

Controls 

    

  |   | +-1 Base Size Value 1.0 m 

  |   | +-2 CAD 

Projection 

Project to CAD true 

  |   | +-3 Target 

Surface Size 

Size Type Relative to base 

  |   | |  Percentage of Base 1000.0 

  |   | |  Absolute Size 10.0 m 

  |   | +-4 Minimum 

Surface Size 

Size Type Relative to base 

  |   | |  Percentage of Base 0.5 

  |   | |  Absolute Size 0.005 m 

  |   | +-5 Surface 

Curvature 

Enable Curvature Deviation Distance false 
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  |   | |  # Pts/circle 36.0 

  |   | |  Max # Pts/circle 200.0 

  |   | |  Curvature Deviation Distance 0.01 m 

  |   | +-6 Surface 

Proximity 

Search Floor 0.0 m 

  |   | |  # Points in gap 2.0 

  |   | |  Enable Search Ceiling false 

  |   | |  Search Ceiling 1.0E10 m 

  |   | +-7 Surface 

Growth Rate 

Surface Growth Rate 1.1 

  |   | +-8 Auto-

Repair Minimum Proximity 

Minimum Proximity 0.01 

  |   | +-9 Number of 

Prism Layers 

Number of Prism Layers 17 

  |   | +-10 Prism 

Layer Stretching 

Prism Layer Stretching 1.3 

  |   | +-11 Prism 

Layer Total Thickness 

Size Type Absolute 

  |   | |  Percentage of Base 0.5 

  |   | |  Absolute Size 0.005 m 

  |   | +-12 Mesh 

Density 

Density 1.0 

  |   | |  Growth Factor 1.0 

  |   | `-

13 Volumetric Control 

Blending 

Blending Factor 5.0 

  |   `-3 Custom 

Controls 

    

  |     +-1 Bot Outlet 

Tank 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Parts [Outlet Tank] 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Surface Remesher 

Customize Size Enabled 

  |     | | +-

2 Prism Layer Mesher 

Customize Number of Layers Disabled 

  |     | | |  Customize Total Thickness Disabled 

  |     | | |  Customize Stretching Disabled 

  |     | | `-

3 Polyhedral Mesher 

Customize Polyhedral Mesher Enabled 

  |     | `-2 Values     

  |     |   `-

1 Custom Size 

Size Type Relative to base 

  |     |      Percentage of Base 0.27999999999999997 

  |     |      Absolute Size 0.0027999999999999995 m 

  |     +-2 Engine 

and exhaust refinement 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Part Surfaces [Domain.Engine, Domain.Exhaust] 

  |     | |  Apply Only to Contacting Area Disabled 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Target Surface Size 

Target Surface Size Custom 

  |     | | +-

2 Minimum Surface Size 

Minimum Surface Size Custom 

  |     | | +-

3 Surface Curvature 

Curvature Parent 

  |     | | +-

4 Surface Proximity 

Proximity Parent 

  |     | | +-5 Edge 

Proximity 

Proximity Parent 

  |     | | +-

6 Surface Growth Rate 

Surface Growth Rate Parent 
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  |     | | +-

7 Surface Remeshing 

Surface Remeshing Parent 

  |     | | +-

8 Prism Layers 

Prism Layers Parent 

  |     | | `-

9 Wake Refinement 

Specify wake refinement options Disabled 

  |     | `-2 Values     

  |     |   +-

1 Target Surface Size 

Size Type Relative to base 

  |     |   |  Percentage of Base 1.0 

  |     |   |  Absolute Size 0.01 m 

  |     |   `-

2 Minimum Surface Size 

Size Type Relative to base 

  |     |      Percentage of Base 0.5 

  |     |      Absolute Size 0.005 m 

  |     +-3 Prism 

Layer Control 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Part Surfaces [Domain.Domain Inlet, Domain.Domain 
Outlet, Domain.Domain Sides, 
Domain.Engine, Domain.Radiator Inlet 2, 
Domain.Radiator Outlet 2, Inlet tank, Outlet 
Tank, Radiator, Top tank] 

  |     | |  Apply Only to Contacting Area Disabled 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Target Surface Size 

Target Surface Size Parent 

  |     | | +-

2 Minimum Surface Size 

Minimum Surface Size Parent 

  |     | | +-

3 Surface Curvature 

Curvature Parent 

  |     | | +-

4 Surface Proximity 

Proximity Parent 

  |     | | +-5 Edge 

Proximity 

Proximity Parent 

  |     | | +-

6 Surface Growth Rate 

Surface Growth Rate Parent 

  |     | | +-

7 Surface Remeshing 

Surface Remeshing Parent 

  |     | | +-

8 Prism Layers 

Prism Layers Disable 

  |     | | `-

9 Wake Refinement 

Specify wake refinement options Disabled 

  |     | `-2 Values     

  |     +-4 Propeller 

inlet refinement 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Parts [Virtual Prop inlet refinement] 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Surface Remesher 

Customize Size Enabled 

  |     | | +-

2 Prism Layer Mesher 

Customize Number of Layers Disabled 

  |     | | |  Customize Total Thickness Disabled 

  |     | | |  Customize Stretching Disabled 

  |     | | `-

3 Polyhedral Mesher 

Customize Polyhedral Mesher Enabled 

  |     | `-2 Values     

  |     |   `-

1 Custom Size 

Size Type Relative to base 

  |     |      Percentage of Base 3.0 

  |     |      Absolute Size 0.03 m 

  |     +-5 Pylon 

refinement 

Enable Control Enabled 

  |     | |  Controls Display Mode All 
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  |     | |  Part Surfaces [Domain.Pylon] 

  |     | |  Apply Only to Contacting Area Disabled 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Target Surface Size 

Target Surface Size Custom 

  |     | | +-

2 Minimum Surface Size 

Minimum Surface Size Parent 

  |     | | +-

3 Surface Curvature 

Curvature Custom 

  |     | | +-

4 Surface Proximity 

Proximity Parent 

  |     | | +-5 Edge 

Proximity 

Proximity Parent 

  |     | | +-

6 Surface Growth Rate 

Surface Growth Rate Parent 

  |     | | +-

7 Surface Remeshing 

Surface Remeshing Parent 

  |     | | +-

8 Prism Layers 

Prism Layers Parent 

  |     | | `-

9 Wake Refinement 

Specify wake refinement options Disabled 

  |     | `-2 Values     

  |     |   +-

1 Target Surface Size 

Size Type Relative to base 

  |     |   |  Percentage of Base 0.32 

  |     |   |  Absolute Size 0.0032 m 

  |     |   `-

2 Surface Curvature 

Enable Curvature Deviation Distance false 

  |     |      # Pts/circle 88.0 

  |     |      Max # Pts/circle 200.0 

  |     |      Curvature Deviation Distance 0.01 m 

  |     +-6 Radiator 

core refinement 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Part Surfaces [Domain.Radiator Inlet 2, Domain.Radiator 
Outlet 2, Domain.Radiator Sides 2] 

  |     | |  Apply Only to Contacting Area Disabled 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Target Surface Size 

Target Surface Size Custom 

  |     | | +-

2 Minimum Surface Size 

Minimum Surface Size Custom 

  |     | | +-

3 Surface Curvature 

Curvature Parent 

  |     | | +-

4 Surface Proximity 

Proximity Parent 

  |     | | +-5 Edge 

Proximity 

Proximity Parent 

  |     | | +-

6 Surface Growth Rate 

Surface Growth Rate Parent 

  |     | | +-

7 Surface Remeshing 

Surface Remeshing Parent 

  |     | | +-

8 Prism Layers 

Prism Layers Parent 

  |     | | `-

9 Wake Refinement 

Specify wake refinement options Disabled 

  |     | `-2 Values     

  |     |   +-

1 Target Surface Size 

Size Type Relative to base 

  |     |   |  Percentage of Base 0.32 

  |     |   |  Absolute Size 0.0032 m 

  |     |   `-

2 Minimum Surface Size 

Size Type Relative to base 

  |     |      Percentage of Base 0.32 

  |     |      Absolute Size 0.0032 m 
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  |     +-7 Radiator 

Flow 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Parts [Radiator flow] 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Surface Remesher 

Customize Size Enabled 

  |     | | +-

2 Prism Layer Mesher 

Customize Number of Layers Disabled 

  |     | | |  Customize Total Thickness Disabled 

  |     | | |  Customize Stretching Disabled 

  |     | | `-

3 Polyhedral Mesher 

Customize Polyhedral Mesher Enabled 

  |     | `-2 Values     

  |     |   `-

1 Custom Size 

Size Type Relative to base 

  |     |      Percentage of Base 1.78 

  |     |      Absolute Size 0.0178 m 

  |     +-8 Radiator 

refinement 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Parts [Inlet tank, Outlet Tank, Radiator, Top tank] 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Surface Remesher 

Customize Size Enabled 

  |     | | +-

2 Prism Layer Mesher 

Customize Number of Layers Disabled 

  |     | | |  Customize Total Thickness Disabled 

  |     | | |  Customize Stretching Disabled 

  |     | | `-

3 Polyhedral Mesher 

Customize Polyhedral Mesher Enabled 

  |     | `-2 Values     

  |     |   `-

1 Custom Size 

Size Type Absolute 

  |     |      Percentage of Base 0.32 

  |     |      Absolute Size 0.0032 m 

  |     +-9 Virtual 

Disk 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Parts [Virtual Prop] 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Surface Remesher 

Customize Size Disabled 

  |     | | +-

2 Prism Layer Mesher 

Customize Number of Layers Disabled 

  |     | | |  Customize Total Thickness Disabled 

  |     | | |  Customize Stretching Disabled 

  |     | | `-

3 Polyhedral Mesher 

Customize Polyhedral Mesher Enabled 

  |     | `-2 Values     

  |     |   `-

1 Custom Size 

Size Type Relative to base 

  |     |      Percentage of Base 1.7999999999999998 

  |     |      Absolute Size 0.018 m 

  |     +-

10 Volumetric Control 

Radiator Inlet 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Parts [Radiator Inlet] 

  |     | |  Tags [] 

  |     | +-

1 Controls 
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  |     | | +-

1 Surface Remesher 

Customize Size Enabled 

  |     | | +-

2 Prism Layer Mesher 

Customize Number of Layers Disabled 

  |     | | |  Customize Total Thickness Disabled 

  |     | | |  Customize Stretching Disabled 

  |     | | `-

3 Polyhedral Mesher 

Customize Polyhedral Mesher Enabled 

  |     | `-2 Values     

  |     |   `-

1 Custom Size 

Size Type Relative to base 

  |     |      Percentage of Base 0.32 

  |     |      Absolute Size 0.0032 m 

  |     +-

11 Volumetric Control 

Radiator Inlet 2 

Enable Control Enabled 

  |     | |  Controls Display Mode All 

  |     | |  Parts [RAdiator inlet flow 2] 

  |     | |  Tags [] 

  |     | +-

1 Controls 

    

  |     | | +-

1 Surface Remesher 

Customize Size Enabled 

  |     | | +-

2 Prism Layer Mesher 

Customize Number of Layers Disabled 

  |     | | |  Customize Total Thickness Disabled 

  |     | | |  Customize Stretching Disabled 

  |     | | `-

3 Polyhedral Mesher 

Customize Polyhedral Mesher Enabled 

  |     | `-2 Values     

  |     |   `-

1 Custom Size 

Size Type Relative to base 

  |     |      Percentage of Base 0.5 

  |     |      Absolute Size 0.005 m 

  |     `-

12 Volumetric Control 

RadiatorOutlet 

Enable Control Enabled 

  |       |  Controls Display Mode All 

  |       |  Parts [Radiator Outlet] 

  |       |  Tags [] 

  |       +-

1 Controls 

    

  |       | +-

1 Surface Remesher 

Customize Size Enabled 

  |       | +-

2 Prism Layer Mesher 

Customize Number of Layers Disabled 

  |       | |  Customize Total Thickness Disabled 

  |       | |  Customize Stretching Disabled 

  |       | `-

3 Polyhedral Mesher 

Customize Polyhedral Mesher Enabled 

  |       `-2 Values     

  |         `-

1 Custom Size 

Size Type Relative to base 

  |            Percentage of Base 0.32 

  |            Absolute Size 0.0032 m 

  +-9 Descriptions Number of Children 3 

  | +-1 Root Described Parts [Virtual Prop, Radiator flow, Radiator Inlet, 
Radiator Outlet, Domain, Outlet Tank, 
Radiator, Inlet tank, Top tank, RAdiator inlet 
flow 2, Radiator refinement, Virtual Prop inlet 
refinement] 

  | +-2 Automated 

Mesh.Remesh 

Described Parts [Domain, Outlet Tank, Radiator, Inlet tank, 
Top tank] 

  | |  Faces 233264 

  | |  Vertices 116636 

  | `-3 Latest Described Parts [Virtual Prop, Radiator flow, Radiator Inlet, 
Radiator Outlet, Domain, Outlet Tank, 
Radiator, Inlet tank, Top tank, RAdiator inlet 
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flow 2, Radiator refinement, Virtual Prop inlet 
refinement] 

  |    Faces 233932 

  |    Vertices 116984 

  |    Preview Mesh Operation Parts false 

  +-10 Coordinate 

Systems 

    

  | `-1 Laboratory Tags [] 

  |   `-1 Local 

Coordinate Systems 

    

  |     `-1 Virtual 

Disk-CSys 1 

X Axis Direction [1.0, 0.0, 0.0] 

  |       |  Y Axis Direction [0.0, 1.0, 0.0] 

  |       |  Z Axis Direction [0.0, 0.0, 1.0] 

  |       |  Origin [0.0, 0.0, 0.05] m,m,m 

  |       |  Reference System Laboratory 

  |       |  Tags [] 

  |       `-1 Local 

Coordinate Systems 

    

  +-11 Tables Tables 12 

  | +-1 AUG FINAL Extracted [Massflow, UAG] 

  | |  Path AUG FINAL.csv 

  | |  Tags [] 

  | +-2 AUG FINAL 10 

velocity 

Extracted [Massflow, UAG] 

  | |  Path AUG FINAL 10 velocity.csv 

  | |  Tags [] 

  | +-3 AUG table Extracted [Massflow, UAG] 

  | |  Path AUG table.csv 

  | |  Tags [] 

  | +-4 AUG table 

adjusted 

Extracted [Massflow, UAG] 

  | |  Path AUG table adjusted.csv 

  | |  Tags [] 

  | +-5 AUG table 

adjusted 10 velocity 

Extracted [Massflow, UAG] 

  | |  Path AUG table adjusted 10 velocity.csv 

  | |  Tags [] 

  | +-6 AUG table 

adjusted 20% 

Extracted [Massflow, UAG] 

  | |  Path AUG table adjusted 20%.csv 

  | |  Tags [] 

  | +-7 AUG table 

adjusted 30% 

Extracted [Massflow, UAG] 

  | |  Path AUG table adjusted 30%.csv 

  | |  Tags [] 

  | +-8 AUG table final Extracted [Massflow, UAG] 

  | |  Path AUG table final.csv 

  | |  Tags [] 

  | +-9 AUG table 

lastest 

Extracted [Massflow, UAG] 

  | |  Path AUG table lastest.csv 

  | |  Tags [] 

  | +-10 AUG table 

lastest v -10% 

Extracted [Massflow, UAG] 

  | |  Path AUG table lastest v -10%.csv 

  | |  Tags [] 

  | +-11 calrk y v4 Extracted [AOA_deg, AOA_rad, Cl, Cd, Reynolds] 

  | |  Path calrk y v4.csv 

  | |  Tags [] 

  | `-12 prop 

geometry v4 

Extracted [r, r/R, c, alpha, alpha_final, Rad, rad_final] 

  |    Path prop geometry v4.csv 

  |    Tags [] 

  +-12 Tags     

  +-13 Units Preferred System Systeme Internationale 

  +-14 Filters     

  +-15 Custom Trees     
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  +-16 Field Functions     

  | +-1 ReTheta Function Name ReTheta 

  | |  Inverse Distance Weight false 

  | |  Type Scalar 

  | |  Assembly Code (if (> ${WallDistance} 0.005) 1 0) 

  | |  Definition $WallDistance > 0.005?1:0 

  | |  Ignore Boundary Values false 

  | |  Tags [] 

  +-17 Parameters     

  +-18 Volume Shapes     

  +-19 Data Set 

Functions 

Data Directory function_data 

  +-20 Update Events Event Count 0 

  |  Event Names   

  +-21 User Code     

  +-22 Data Focus     

  +-23 Layouts     

  | `-1 default     

  +-24 Data Mappers     

  +-25 Motions     

  | `-1 Stationary Tags [] 

  +-26 Reference 

Frames 

    

  | `-1 Lab Reference 

Frame 

Tags [] 

  +-27 Derived Parts Derived Parts 21 

  | +-1 Domain side Origin [1.9369753792908284E-5, -
6.526406188811507E-5, -
14.99936444486957] m,m,m 

  | | |  Coordinate System Laboratory 

  | | |  Normal [1.0, 0.0, 0.0] m,m,m 

  | | |  Parts [Air Core, Domain] 

  | | |  Section Mode SINGLE 

  | | |  Displayed Index -1 

  | | |  Tags [] 

  | | `-1 Single 

section 

Offset 0.107 m 

  | +-2 Domain top Origin [-5.259513854980469E-4, 
8.58306884765625E-6, -13.0] m,m,m 

  | | |  Coordinate System Laboratory 

  | | |  Normal [0.0, 1.0, 0.0] m,m,m 

  | | |  Parts [Domain, Inlet tank, Outlet Tank, Air Core, 
Top tank] 

  | | |  Section Mode SINGLE 

  | | |  Displayed Index -1 

  | | |  Tags [] 

  | | `-1 Single 

section 

Offset -0.331 m 

  | +-3 Radiator Front Origin [1.9369753792908284E-5, -
6.526406188811507E-5, -
0.12252186564887292] m,m,m 

  | | |  Coordinate System Laboratory 

  | | |  Normal [0.0, 0.0, 1.0] m,m,m 

  | | |  Parts [Coolant core, Inlet tank, Outlet Tank, Top 
tank] 

  | | |  Section Mode SINGLE 

  | | |  Displayed Index -1 

  | | |  Tags [] 

  | | `-1 Single 

section 

Offset 0.0 m 

  | +-4 Streamline Parts [Domain, Inlet tank, Outlet Tank, Air Core, 
Top tank, Coolant core] 

  | | |  Seed Type LINE 

  | | |  Rotation Scale 1.0 

  | | |  Vector Field Velocity 

  | | |  Integration Solver RK2 

  | | |  Tags [] 
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  | | +-1 Line Seed Point 1 [0.09894628730019728, -
0.5588850698498431, -
0.08134257452107235] m,m,m 

  | | |  Point 2 [0.10184453080535494, -
0.16939103958892948, -
0.08106906554597969] m,m,m 

  | | |  Coordinate System Laboratory 

  | | |  Resolution 100 

  | | `-2 2nd Order 

Integrator 

Initial Integration Step 0.5 

  | |    Maximum Propagation 68.00000000000001 

  | |    Max Steps 2000 

  | |    Integration Direction FORWARD 

  | +-5 Streamline 2 Parts [Domain, Inlet tank, Outlet Tank, Air Core, 
Top tank, Coolant core] 

  | | |  Seed Type LINE 

  | | |  Rotation Scale 1.0 

  | | |  Vector Field Velocity 

  | | |  Integration Solver RK2 

  | | |  Tags [] 

  | | +-1 Line Seed Point 1 [0.0, -0.3, 0.05] m,m,m 

  | | |  Point 2 [0.15, -0.3, 0.05] m,m,m 

  | | |  Coordinate System Laboratory 

  | | |  Resolution 100 

  | | `-2 2nd Order 

Integrator 

Initial Integration Step 0.5 

  | |    Maximum Propagation 68.00000000000001 

  | |    Max Steps 2000 

  | |    Integration Direction FORWARD 

  | +-6 T2 Parts [Domain] 

  | |  Point [0.0447, -0.344, -0.103] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-7 T3 Parts [Domain] 

  | |  Point [0.0867, -0.344, -0.138] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-8 T4 Parts [Domain] 

  | |  Point [0.0447, -0.419, -0.138] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-9 T5 Parts [Domain] 

  | |  Point [0.0867, -0.494, -0.138] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-10 T6 Parts [Domain] 

  | |  Point [0.0867, -0.344, -0.101] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-11 T7 Parts [Domain] 

  | |  Point [0.0447, -0.494, -0.138] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-12 T8 Parts [Domain] 

  | |  Point [0.0867, -0.419, -0.138] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-13 T9 Parts [Domain] 

  | |  Point [0.0447, -0.269, -0.101] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 
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  | |  Tags [] 

  | +-14 T10 Parts [Domain] 

  | |  Point [0.0867, -0.269, -0.138] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-15 T11 Parts [Domain] 

  | |  Point [0.0447, -0.419, -0.101] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-16 T12 Parts [Domain] 

  | |  Point [0.0447, -0.494, -0.101] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-17 T13 Parts [Domain] 

  | |  Point [0.0867, -0.494, -0.101] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-18 T14 Parts [Domain] 

  | |  Point [0.0867, -0.419, -0.101] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-19 T15 Parts [Domain] 

  | |  Point [0.0867, -0.269, -0.101] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | +-20 T17 Parts [Domain] 

  | |  Point [0.0447, -0.269, -0.138] m,m,m 

  | |  Coordinate System Laboratory 

  | |  Follow Motion false 

  | |  Tags [] 

  | `-21 T20 Parts [Domain] 

  |    Point [0.0447, -0.344, -0.138] m,m,m 

  |    Coordinate System Laboratory 

  |    Follow Motion false 

  |    Tags [] 

  +-28 Summaries     

  +-29 Monitors Monitors 38 

  | |  Monitors To Print [Continuity, X-momentum, Y-momentum, Z-
momentum, Energy, Tke, Sdr, Tdr, Coolant 
Temp out Monitor, Heat Transfer Monitor, 
Mass flow air Monitor, Radiator Temp in 
Monitor, Radiator Temp out Monitor, Virtual 
Disk Force 1 Monitor, Coolant mass flow 
Monitor, Mass Flow 1 Monitor, T9 Monitor, 
T15 Monitor, T2 Monitor, T6 Monitor, T11 
Monitor, T14 Monitor, T12 Monitor, T13 
Monitor, T10 Monitor, T17 Monitor, T3 
Monitor, T20 Monitor, T8 Monitor, T4 Monitor, 
T5 Monitor, T7 Monitor, Radiator Temp out 
Monitor 2, Coolant Temp in Monitor] 

  | |  Output Direction Horizontal 

  | |  Heading Print Frequency 10 

  | +-1 Coolant mass 

flow Monitor 

Report [Coolant mass flow] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 
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  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-2 Coolant Temp 

in Monitor 

Report [Coolant Temp in] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-3 Coolant Temp 

out Monitor 

Report [Coolant Temp out] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-4 Heat Transfer 

Monitor 

Report [Heat Transfer] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-5 Iteration Maximum Plot Samples 5000 

  | |  Tags [] 

  | +-6 Mass Flow 1 

Monitor 

Report [Mass Flow 1] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-7 Mass flow air 

Monitor 

Report [Mass flow air] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 
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  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-8 Physical Time Maximum Plot Samples 5000 

  | |  Tags [] 

  | +-9 Radiator Temp 

in Monitor 

Report [Radiator Temp in] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-10 Radiator 

Temp out Monitor 

Report [T9] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-11 Radiator 

Temp out Monitor 2 

Report [Radiator Temp out] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-12 T2 Monitor Report [T2] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-13 T3 Monitor Report [T3] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-14 T4 Monitor Report [T4] 
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  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-15 T5 Monitor Report [T5] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-16 T6 Monitor Report [T6] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-17 T7 Monitor Report [T7] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-18 T8 Monitor Report [T8] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-19 T9 Monitor Report [T9] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 
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  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-20 T10 Monitor Report [T10] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-21 T11 Monitor Report [T11] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-22 T12 Monitor Report [T12] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-23 T13 Monitor Report [T13] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-24 T14 Monitor Report [T14] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-25 T15 Monitor Report [T15] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 
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  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-26 T17 Monitor Report [T17] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-27 T20 Monitor Report [T20] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  | +-28 Virtual Disk 

Force 1 Monitor 

Report [Virtual Disk Force 1] 

  | | |  Enabled true 

  | | |  Value Type Total Value 

  | | |  Trigger Iteration 

  | | |  Normalization Option Off 

  | | |  Maximum Plot Samples 5000 

  | | |  Tags [] 

  | | `-1 Iteration 

Frequency 

Iteration Frequency 1 

  | |    Start Iteration 0 

  | |    Enable Stop false 

  | |    Stop Iteration 0 

  +-30 Reports Reports 25 

  | +-1 Coolant mass 

flow 

Monitor Units kg/s 

  | |  Monitor Value Region-1 Mass Flux 

  | |  Heat Exchanger Heat Exchanger 1 

  | |  Cold Downstream Boundaries [Air Core: Radiator Outlet [Interface 5]] 

  | |  Hot Downstream Boundaries [Coolant core: Outlet Interface [Interface 2]] 

  | |  Parts [] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-2 Coolant Temp 

in 

Monitor Units C 

  | |  Monitor Value Region-1 Inlet Temperature 

  | |  Heat Exchanger Heat Exchanger 1 

  | |  Cold Downstream Boundaries [Air Core: Radiator Outlet [Interface 5]] 

  | |  Hot Downstream Boundaries [Coolant core: Outlet Interface [Interface 2]] 

  | |  Parts [] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-3 Coolant Temp 

out 

Monitor Units C 

  | |  Monitor Value Region-1 Outlet Temperature 
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  | |  Heat Exchanger Heat Exchanger 1 

  | |  Cold Downstream Boundaries [Air Core: Radiator Outlet [Interface 5]] 

  | |  Hot Downstream Boundaries [Coolant core: Outlet Interface [Interface 2]] 

  | |  Parts [] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-4 Heat Transfer Monitor Units kW 

  | |  Monitor Value Heat Transfer 

  | |  Heat Exchanger Heat Exchanger 1 

  | |  Cold Downstream Boundaries [Air Core: Radiator Outlet [Interface 5]] 

  | |  Hot Downstream Boundaries [Coolant core: Outlet Interface [Interface 2]] 

  | |  Parts [] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-5 Mass Flow 1 Units kg/s 

  | |  Parts [] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-6 Mass flow air Monitor Units kg/s 

  | |  Monitor Value Region-0 Mass Flux 

  | |  Heat Exchanger Heat Exchanger 1 

  | |  Cold Downstream Boundaries [Air Core: Radiator Outlet [Interface 5]] 

  | |  Hot Downstream Boundaries [Coolant core: Outlet Interface [Interface 2]] 

  | |  Parts [] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-7 Radiator Temp 

in 

Monitor Units C 

  | |  Monitor Value Region-0 Inlet Temperature 

  | |  Heat Exchanger Heat Exchanger 1 

  | |  Cold Downstream Boundaries [Air Core: Radiator Outlet [Interface 5]] 

  | |  Hot Downstream Boundaries [Coolant core: Outlet Interface [Interface 2]] 

  | |  Parts [] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-8 Radiator Temp 

out 

Monitor Units C 

  | |  Monitor Value Region-0 Outlet Temperature 

  | |  Heat Exchanger Heat Exchanger 1 

  | |  Cold Downstream Boundaries [Air Core: Radiator Outlet [Interface 5]] 

  | |  Hot Downstream Boundaries [Coolant core: Outlet Interface [Interface 2]] 

  | |  Parts [] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-9 T2 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T2] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-10 T3 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T3] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-11 T4 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T4] 
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  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-12 T5 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T5] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-13 T6 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T6] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-14 T7 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T7] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-15 T8 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T8] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-16 T9 Monitor Units C 

  | |  Monitor Value Region-0 Outlet Temperature 

  | |  Cold Downstream Boundaries [] 

  | |  Hot Downstream Boundaries [] 

  | |  Parts [T9] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-17 T10 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T10] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-18 T11 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T11] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-19 T12 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T12] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-20 T13 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T13] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 
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  | +-21 T14 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T14] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-22 T15 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T15] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-23 T17 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T17] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | +-24 T20 Units C 

  | |  Field Function Temperature 

  | |  Collocated Field Functions [] 

  | |  Parts [T20] 

  | |  Representation Volume Mesh 

  | |  Smooth Values false 

  | |  Tags [] 

  | `-25 Virtual Disk 

Force 1 

Units N 

  |    Virtual Disk Virtual Disk 

  |    Force Component Option Z-Axis Force 

  |    Force Type Option Action of the Fluid on the Virtual Disk 

  |    Tags [] 

  +-31 Solvers     

  | +-1 Partitioning Solver Frozen false 

  | |  Partitioning Method Per-Continuum 

  | +-2 Wall Distance Solver Frozen false 

  | |  Wall Distance Solver Option Kd-Tree 

  | |  Verbosity 0 

  | |  Minimum Tree Size Threshold 500000 

  | +-3 Segregated 

Flow 

Freeze Flow false 

  | | |  Reconstruction Frozen false 

  | | |  Reconstruction Zeroed false 

  | | |  Enable Enhanced Stability Treatment false 

  | | |  Temporary Storage Retained false 

  | | |  Pressure Corrections: Bad Cell Minimum 
Scaling 

0.8 

  | | |  Pressure Corrections: Acceptable Cell 
Volume Change 

0.001 

  | | |  Velocity Corrections: Maximum 
Unlimited Velocity 

20.0 m/s 

  | | |  Velocity Corrections: Acceptable Velocity 
Increase Rate [<1] 

0.15 

  | | |  Continuity Initialization false 

  | | +-1 Velocity Under-Relaxation Factor 0.7 

  | | | |  Dynamic Local Under-Relaxation false 

  | | | +-1 Under-

Relaxation Factor Ramp 

Ramp Method No Ramp 

  | | | `-2 AMG 

Linear Solver 

Max Cycles 30 

  | | |   |  Verbosity NONE 

  | | |   |  Enable Direct Solver false 

  | | |   |  Maximum Direct Solver Equations 32 

  | | |   |  Convergence Tolerance 0.1 

  | | |   |  Epsilon 0.0 

  | | |   |  Cycle Type Flex Cycle 
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  | | |   |  Group Size Control Auto 

  | | |   |  Group Size 4 

  | | |   |  Relaxation Scheme Gauss-Seidel 

  | | |   |  Acceleration Method None 

  | | |   |  Scaling Disabled 

  | | |   `-1 Flex 

Cycle 

Restriction Tolerance 0.9 

  | | |      Prolongation Tolerance 0.5 

  | | |      Sweeps 1 

  | | `-2 Pressure Number of Non-Orthogonality Correctors 0 

  | |   |  Under-Relaxation Factor 0.3 

  | |   |  Pressure Reference Location Automatic Selection 

  | |   +-1 Under-

Relaxation Factor Ramp 

Ramp Method No Ramp 

  | |   `-2 AMG 

Linear Solver 

Max Cycles 30 

  | |     |  Verbosity NONE 

  | |     |  Enable Direct Solver false 

  | |     |  Maximum Direct Solver Equations 32 

  | |     |  Convergence Tolerance 0.1 

  | |     |  Epsilon 0.0 

  | |     |  Cycle Type V Cycle 

  | |     |  Group Size Control Auto 

  | |     |  Group Size 4 

  | |     |  Relaxation Scheme Gauss-Seidel 

  | |     |  Acceleration Method Bi Conjugate Gradient Stabilized 

  | |     |  Scaling Auto 

  | |     `-1 V Cycle Pre-Sweeps 1 

  | |        Post-Sweeps 1 

  | |        Max Levels 50 

  | +-4 Segregated 

Energy 

Solver Frozen false 

  | | |  Reconstruction Frozen false 

  | | |  Reconstruction Zeroed false 

  | | |  Temporary Storage Retained false 

  | | |  Fluid Under-Relaxation Factor 0.9 

  | | |  Solid Under-Relaxation Factor 0.99 

  | | |  Enable High-Accuracy Temporal 
Discretization 

false 

  | | +-1 Fluid Under-

Relaxation Factor Ramp 

Ramp Method No Ramp 

  | | +-2 Solid Under-

Relaxation Factor Ramp 

Ramp Method No Ramp 

  | | `-3 AMG Linear 

Solver 

Max Cycles 30 

  | |   |  Verbosity NONE 

  | |   |  Enable Direct Solver false 

  | |   |  Maximum Direct Solver Equations 32 

  | |   |  Convergence Tolerance 0.1 

  | |   |  Epsilon 0.0 

  | |   |  Cycle Type V Cycle 

  | |   |  Group Size Control Auto 

  | |   |  Group Size 4 

  | |   |  Relaxation Scheme Gauss-Seidel 

  | |   |  Acceleration Method None 

  | |   |  Scaling Disabled 

  | |   `-1 V Cycle Pre-Sweeps 1 

  | |      Post-Sweeps 1 

  | |      Max Levels 50 

  | +-5 K-Epsilon 

Turbulence 

Solver Frozen false 

  | | |  Reconstruction Frozen false 

  | | |  Reconstruction Zeroed false 

  | | |  Temporary Storage Retained false 

  | | |  Under-Relaxation Factor 0.8 

  | | |  Boundary Layer Initialization false 

  | | +-1 Under-

Relaxation Factor Ramp 

Ramp Method No Ramp 
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  | | `-2 AMG Linear 

Solver 

Max Cycles 30 

  | |   |  Verbosity NONE 

  | |   |  Enable Direct Solver false 

  | |   |  Maximum Direct Solver Equations 32 

  | |   |  Convergence Tolerance 0.1 

  | |   |  Epsilon 0.0 

  | |   |  Cycle Type Flex Cycle 

  | |   |  Group Size Control Auto 

  | |   |  Group Size 4 

  | |   |  Relaxation Scheme Gauss-Seidel 

  | |   |  Acceleration Method None 

  | |   |  Scaling Disabled 

  | |   `-1 Flex Cycle Restriction Tolerance 0.9 

  | |      Prolongation Tolerance 0.5 

  | |      Sweeps 1 

  | +-6 K-Omega 

Turbulence 

Solver Frozen false 

  | | |  Reconstruction Frozen false 

  | | |  Reconstruction Zeroed false 

  | | |  Temporary Storage Retained false 

  | | |  Under-Relaxation Factor 0.8 

  | | |  Boundary Layer Initialization false 

  | | +-1 Under-

Relaxation Factor Ramp 

Ramp Method No Ramp 

  | | `-2 AMG Linear 

Solver 

Max Cycles 30 

  | |   |  Verbosity NONE 

  | |   |  Enable Direct Solver false 

  | |   |  Maximum Direct Solver Equations 32 

  | |   |  Convergence Tolerance 0.1 

  | |   |  Epsilon 0.0 

  | |   |  Cycle Type Flex Cycle 

  | |   |  Group Size Control Auto 

  | |   |  Group Size 4 

  | |   |  Relaxation Scheme Gauss-Seidel 

  | |   |  Acceleration Method None 

  | |   |  Scaling Disabled 

  | |   `-1 Flex Cycle Restriction Tolerance 0.9 

  | |      Prolongation Tolerance 0.5 

  | |      Sweeps 1 

  | +-7 K-Epsilon 

Turbulent Viscosity 

Solver Frozen false 

  | |  Under-Relaxation Factor 1.0 

  | |  Maximum Ratio 100000.0 

  | `-8 K-Omega 

Turbulent Viscosity 

Solver Frozen false 

  |    Under-Relaxation Factor 1.0 

  |    Maximum Ratio 100000.0 

  +-32 Stopping Criteria     

  | +-1 Maximum 

Steps 

Enabled true 

  | |  Maximum Steps 3000 

  | |  Logical Rule Or 

  | |  Criterion Satisfied false 

  | |  Tags [] 

  | `-2 Stop File Enabled true 

  |    Stop Inner Iterations true 

  |    Path ABORT 

  |    Logical Rule Or 

  |    Criterion Satisfied false 

  |    Tags [] 

  +-33 Solution Histories     

  +-34 Solution Views     

  | `-1 Current 

Solution 

Iteration 3000 

  |    Time Step 0 

  |    Solution Time 0.0 
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  |    Tags [] 

 

Solution 

Accumulated CPU Time over all processes (s) 432203.53754800005 

Elapsed Time (s) 10867.187659025192 

Iterations 3000 

 

 

 

 

 

 

 


