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1 Introduction to CFD 

1.1 What is CFD? 

Computational Fluid Dynamics (CFD) is concerned with the numerical simulation of fluid flow and heat transfer 

processes. The objective of CFD applied to buildings is to provide the designer with a tool that enables them to gain 

greater understanding of the likely air flow and heat transfer processes occurring within and around building spaces 

given specified boundary conditions which may include the effects of climate, internal energy sources and HVAC 

systems. 

 

The mathematical simulation of air flow and heat transfer processes involves the numerical solution of a set of coupled, 

non-linear, second-order, partial differential equations. MicroFlo uses the primitive variable approach, which requires 

the solution of the three velocity component momentum equations together with equations for pressure and 

temperature, these equations being known as conservation equations. The numerical solution is conducted through the 

linearization and discretisation of the conservation equation set, which requires the sub-division of the calculation 

domain into a number of non-overlapping contiguous finite volumes over each of which the conservation equations are 

expressed in the form of linear algebraic equations, this set of finite volumes is referred to as a grid. The resulting linear 

algebraic equation set for the entire domain is then solved in an iterative scheme, which accounts for the non-linear 

coupling. The finer the finite volume grid, the closer the solution of the algebraic equations will represent the original 

differential equations but the longer the simulation will take. 

 

In summary CFD involves the numerical solution of the following governing equations: 

 Momentum 

 Energy 

 Mass continuity 

 Turbulence 

 Scalar/Mass Fraction 

 

The benefits of using CFD include: 

 CFD is an excellent tool for ‘what-if’ analysis as once a model is created; only the setup has to be changed to try 

a variety of scenarios. 

 This method is quite cheaper than wind tunnel testing or other similar experimental methods. Experimental 

testing also brings in need to store large physical models which occupy lot of space and cannot be stored for a 

long time.  

 Since the models are created on computers, full size models can be created and tested without having to worry 

about scaling of results. Plus then can be stored for a length of time and accessed later as needed. 

 With experimental methods, there is limit to the number of measurement sensors you can put in the space 

without affecting the flow. A CFD model has not such limitations and full insight in the domain is possible. 

 Time of analysis is only limited by computational power available and is usually much quicker than experimental 

methods. 
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1.2 CFD in complement to Dynamic Simulation Model (DSM) 

 
Figure 1-1: DSM v/s CFD Model 

 

Dynamic simulation is a macro level calculation tool and assumes a fully mixed condition within a space which generates 

only one number for any variable within said space. This technique is fully valid for rooms which are of typical 

office/residential sizes without very high ceiling levels  

 

But in conditions like high ceilings (atriums, theatre, auditorium, sports), long spaces (open plan offices, airport lounges) 

or concentrated large heat gains (factory shop floors, datacentres), the results generated by the DSM may not be able to 

paint a true picture of the conditions within such spaces. A DSM will output the average value of the quantities being 

measured, but in reality the range of values may be large depending on where the measurement point is. CFD 

complements in such a situation being able to determine the variation in conditions across such spaces and shows a 

more detailed representation of conditions prevalent for those output conditions. 

 

The best approach is using the DSM to determine the boundary conditions like surface temperatures, estimating the 

various heat gains/losses, flow rates through natural ventilation openings and amount of heating or cooling required 

under different conditions. This allows us to take into account the variations in gains and external conditions for the CFD 

model. The CFD model is then populated using these values and provides a deeper insight into the conditions across the 

domain being analysed. 
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1.3 Steps for CFD Analysis 

The main steps involved in a CFD analysis are as follows: 

 

Stage 1:  Pre-processing Stage – Definition of the Problem 

 Define the model geometry 

At this stage all the various elements of the geometry are created. E.g. the model of a building will be created 

 

 Define the computational domain. 

The region for which CFD analysis is required is marked off. E.g. you could select one of the rooms or a few 

connected rooms. 

 

 Define the boundary and initial conditions. 

The surface temperatures and flow rates are assigned. Appropriate initial conditions are input. 

 

 Define the grid / mesh. 

The domain is divided into small blocks over which the computational equations are applied. This division is based 

on the type of flow expected and the size of geometry involved. 

 

 Define all the necessary solver parameters. 

Here the user chooses the computational models that are required based on expected conditions of the flow. 

 

Stage 2: Solution Stage – Solving the Governing Equations 

 Inspect the progress of the run. 

Once the simulation is setup in stage 1, it is submitted to the computer for solving. While solving, the program will 

generate run-time output showing how the solution is progressing. The user monitors this output and makes a 

decision on whether the simulation is proceeding on expected lines. 

 

 Adjust solver parameter criteria if necessary to achieve convergence. 

Many times, the solution will show values which the user is not expecting or are unrealistic. In this case, the user has 

to interrupt the solver and go back to stage 1 to look at the setup. Changes are made as per observations and 

simulation is run again. This is repeated until satisfactory outcome is achieved. 

 

Stage 3:  Post-processing Stage – Analysis of Results 

 Visualisation of results and reporting 

After the simulation concludes satisfactorily, the user will analyse the results and create a report. Based on the 

results, the user might want to go back and adjust the design to meet the set design criteria. 
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2 Introduction to MicroFlo 

2.1 Background 

MicroFlo is the CFD analysis tool within the IES <Virtual Environment> suite of tools. Some of the features of MicroFlo 

are as follows: 

 It is based on ‘Finite Volume Method’ of discretisation of the partial differential equations that describe the fluid 

flow.  

 The formulation uses steady state three dimensional convection-condition heat transfer and flow model.  

 The ‘SIMPLE’ algorithm is used to achieve the coupling between pressure and velocity fields. 

 Turbulence models are available  

 MicroFlo uses wall functions to calculate near-wall properties of turbulence as well as flux of heat and 

momentum. 

 There is no direct radiation model within MicroFlo. The effects of radiation can however be modelled when 

boundary conditions are imported from VistaPro. 

 MicroFlo features a structured non-uniform Cartesian grid. 

 

MicroFlo is an ad-hoc CFD tool. As such it cannot read data directly from the templates, constructions, systems and 

profiles that have been setup. The only way it can read the data related to gains is when the boundary conditions are 

exported from VistaPro and imported into MicroFlo. Any changes/additions made to the model in MicroFlo will not be 

reflected in the results of the ApacheSim run. 

 

2.2 Types of Simulations 
There are two types of CFD simulations available in MicroFlo. 

1. Internal 

As name suggest, the domain for these simulations lies inside one or many connected rooms. This type of 

simulations supports modelling of both flow and heat transfer. It is possible to add boundary conditions on the 

room surfaces.  The user can insert components to act as solids or sources of quantities. The user is also able to 

import the boundary conditions from the results of Apache Simulation. 

 

2. External 

The external CFD simulation allows for analysis of flow over the buildings. This type of simulation is isothermal in 

nature and does not allow for modelling of heat transfer. This simulation is purely a flow only simulation. The only 

user inputs are direction of wind. Wind speed and size of domain. 
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2.3 MicroFlo Window 

Figures 2-1 and 2-2 below highlight the different parts of the MicroFlo window. MicroFlo is listed under the CFD 

applications. 

 
Figure 2-1: MicroFlo Window – Parts 

 

 
Figure 2-2: MicroFlo Window – Parts  
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Description of parts: 

1. MicroFlo Menu 

 
Figure 2-3: MicroFlo Menu 

a. Save Output File…: Save the results of the CFD simulations to a file 

b. Translate Output File…:This enables user to translate the CFD output file from versions of VE including and 

before 5.9 to the current version 

c. Clear Imported Boundaries: This will clear any boundary conditions that were imported (available at room 

level) 

d. Import Boundary Data: To import the boundary conditions from the boundary condition file (available at 

room level) 

2. Settings 

 
Figure 2-4: Settings Menu 

a. CFD Settings: Opens the CFD settings Dialog box ((available at room level) 

b. Grid: Opens dialog to adjust the grid size 

c. Locks: Opens the dialog to select the cursor movement locks 

 

3. Key-in command line 

4. Grid settings: Opens dialog to adjust the grid size 

5. Set grid alignment: align the grid to suit the model 

6. Select object: closes any mode and switches to default pointer 

7. Measure length: measure length between two points 

8. Query cell values (not available in new versions of VE (>5.9) and permanently disabled 

9. Locks: Opens the dialog to select the cursor movement locks 

10. Draw Arc: draw an arc for construction line 

11. Draw Construction Line 

12. Remove All Construction Lines 

13. Create Multi-zone space: to join multiple rooms to create a CFD domain (available when a room is selected at 

model level) 

14. Separate Multi-zone space: to separate the multi-zone space created as per previous command (available when 

the parent room of a multi-zone space is selected at model level) 

15. Create Multi-zone space partition: create a partition equal to the total thickness as mentioned in the 

construction of the wall in DSM 

16. Destroy Multi-zone space partition: remove the partition created in previous step. 
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17. Copy Selection Set: Copy the selected – boundary conditions, components etc. 

18. Move Selection Set: Move the selected – boundary conditions, components etc. 

19. Rotate Selection Set: Rotate the selected – boundary conditions, components etc. 

20. Add Boundary conditions: Opens the dialog box for adding boundary conditions (available at surface level in 

boundary mode) 

21. Import Boundary data: Opens dialog box to import boundary conditions from a boundary condition file 

22. Place Component: Opens dialog box to manipulate and place component ((available at room level) 

23. Settings: Opens the CFD settings dialog box (available at room level) 

24. Run: Runs the simulation 

25. Delete: Delete selected – boundary conditions, components etc. 

26. MicroFlo Viewer: Opens the MicroFlo Viewer to see results of the simulation after simulation has been run. 

27. Drop down box to toggle between Internal and External simulation mode 

28. Model Space 

29. Object properties: This part shows the various properties of the selected entity – could be room, surface, 

boundary condition, component etc. 

30. Model Browser for MicroFlo: Note that room groupings used in the other applications are not available in 

MicroFlo. 

31. Location of ‘MicroFlo’ application in the list of applications. 
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3 Boundary conditions 
Boundary conditions can be added to the model at the surface level of decompositions. As the terminology suggests, 

the boundary conditions define the property of the surfaces included in the MicroFlo model. These are applicable for 

internal simulations only. 

3.1 Boundary Condition Dialogue Box 

Double clicking on a surface will give a “Boundary” view and an ‘add boundary condition’ option          ( ) is 

available on the Toolbar. Select the Toolbar and the dialogue box shown in Figure 3-1appears. 

 
Figure 3-1: Dialogue box to define boundary conditions 

There boundary condition dialogue consists of four sections 

1. Type 

This is a drop down box where you can select the type of boundary condition that you want to use. 

The following types of boundary conditions that can be added to a surface: 

a. Vent Boundaries 
1. General Supply Diffuser: constant velocity inflow boundary 
2. 2-Way Supply Diffuser: 2-way air supply diffuser 
3. 4-Way Supply Diffuser: 4-way air supply diffuser 
4. Swirl diffuser 
5. Extract: constant velocity outflow boundary 
6. Fixed Pressure boundary 
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b. Solid Boundaries 
1. Fixed Temperature: 
2. Heat: for convective 

 
c. Interface Boundaries 

1. Porous Baffle 
2. Fan 

 
Solid boundaries can have arbitrary polygonal geometries, but vent boundaries must be rectangular. Swirl diffusers 

are circular. 

 
2. Boundary data 

In this section the user inputs the various properties of the boundary that is being specified. More on this when we 

look at each boundary condition in detail. 

 

3. Flow Balance 

This section shows the flow balance. It lists the sum of all the various flow supplies in the row ‘In Flow’. It lists the 

sum of all the flow out of the domain in ‘Out Flow’ and displayed with a –ve sign. These two numbers are added 

together and the sum is displayed in the box underneath. If the sum is anything other than 0, the user cannot run 

the simulation. Flows have to balance for the simulation to take place. The user will be given an error message if the 

simulation is attempted. 

 

4. Room Heat Gains 

This section shows the details about the various room heat gains within the room. When the simulation is being set 

up as an ad-hoc simulation, the first column under title ‘Apache’ will show all zeros. This column will show non-zero 

numbers when boundary conditions are imported from VistaPro results. The appropriate convective part of the gain 

will appear under the appropriate row. 

 

The column under ‘MicroFlo’ displays the total amount of convective gains applied manually within the domain. This 

is a sum of heat gains due to heat flux boundaries and components with heat source applied to them.  

 

3.2 Drawing a boundary condition 

To draw a boundary condition 

1. Navigate to the surface on which you want to place the boundary condition. 

2. Click on the add boundary condition’ option          ( ) 

3. Enter all the relevant inputs in the boundary condition dialogue box. 

4. Click on the surface where you want one of the corners or the first point on polygon to be. 

5. Then click on the point where you want the opposite corner to be. 

6. If you are drawing a polygonal boundary condition, keep clicking on points in succession to define the end 

points of the boundary. 

7. Right click at any time to exit the boundary condition dialogue box. 

8. Ensure that one boundary condition does not overlap other boundary condition or lie outside the extents of the 

surface. 

9. If needed, the boundary condition can be moved/copied using the appropriate options on the MicroFlo Toolbar. 
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3.3 Vent Boundaries 

These are boundaries where the flow into and out of the simulation domain is specified. Supply diffusers define the 

entry of air into the simulation domain. The composition can be specified, for air from an ‘external source’, such as the 

moisture content and the concentrations of CO2 and CO as mass fractions. The local mean age of air from any supply is 

defined to be zero. 

3.3.1 General Supply Diffuser 

This is the simplest flow inlet boundary condition among the 6 vent boundaries. This boundary can be drawn on any 

surface including those which are not aligned with the co-ordinate axes. Figure 3-2 shows the properties of this 

boundary condition.  

 
Figure 3-2: Inputs for General Supply Diffuser 

 

Following inputs are required when defining a general supply diffuser 

1. Flow/Velocity: Define the flow from the supply diffuser in form of either a flow rate at m3/s or a velocity normal 

to the plane of the diffuser. 

2. X and Y discharge angles: These inputs will modify the direction away from the default normal direction. Both 

values can vary from -85o to +85o. The X-angle will divert the flow to the left or right, depending on whether you 

have specified a negative or positive angle respectively, when you are looking at that boundary at surface level. 

Y-angle will divert the flow in downward or upward direction based on negative or positive angle respectively. If 

both X and Y angles are specified, the flow will come out of the boundary at an angle which is the vector sum of 

the two angles specified. 

Note: The velocity as seen in object properties may differ from the velocity you have specified in the dialogue 

box due to difference in their types. The velocity seen in object properties is the effective velocity calculated by 

taking into account the discharge angle specified. They will match only if discharge angles are set to zero. 

3. Temperature: This is the temperature of air being supplied into the room for that boundary. 

4. Moisture content: This is the amount of water vapour present in the air being supplied from that boundary. It is 

defined in kg of water vapour per kg of air. 

5. CO2 Content: This is the amount of carbon dioxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 

6. CO Content: This is the amount of carbon monoxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 
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3.3.2 2-Way Supply Diffuser 

The 2-way supply diffuser allows creation of diffusers where the diffuser is automatically divided into two parts with 

flow diverted in opposite directions for each half. This diffuser can be drawn only on surfaces which are aligned with the 

co-ordinate axes. The direction of the flow will be visible in form of arrows. Figure 3-3 shows the properties of this 

boundary condition. 

 
Figure 3-3: Inputs for 2-way Supply Diffuser 

 

Following inputs are required when defining a 2-way supply diffuser 

1. Flow/Velocity: Define the flow from the supply diffuser in form of either a flow rate at m3/s or a velocity normal 

to the plane of the diffuser. 

2. Discharge angle and direction: These inputs will modify the direction away from the default normal direction. 

The discharge angle value can vary from 0o to 85o. The X-angle will divert the flow to the left and right when you 

are looking at that boundary at surface level. Y-angle will divert the flow in downward and upward direction. 

The flow is bent away from the normal on the line bisecting the diffuser. The bisecting line will be vertical for X-

direction and horizontal for Y-direction. 

Note: The velocity as seen in object properties may differ from the velocity you have specified in the dialogue 

box due to difference in their types. The velocity seen in object properties is the effective velocity calculated by 

taking into account the discharge angle specified. They will match only if discharge angles are set to zero. 

3. Temperature: This is the temperature of air being supplied into the room for that boundary. 

4. Moisture content: This is the amount of water vapour present in the air being supplied from that boundary. It is 

defined in kg of water vapour per kg of air. 

5. CO2 Content: This is the amount of carbon dioxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 

6. CO Content: This is the amount of carbon monoxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 

 

3.3.3 4-Way Supply Diffuser 

The 4-way supply diffuser allows creation of diffusers where the diffuser is automatically divided into four parts with 

flow diverted in opposite directions for each quarter. The division takes place along the diagonals of the diffuser. This 

diffuser can be drawn only on surfaces which are aligned with the co-ordinate axes. The direction of the flow will be 

visible in form of arrows. Figure 3-4 shows the properties of this boundary condition. 
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Figure 3-4: Inputs for 4-way Supply Diffuser 

 

Following inputs are required when defining a 4-way supply diffuser 

1. Flow/Velocity: Define the flow from the supply diffuser in form of either a flow rate at m3/s or a velocity normal 

to the plane of the diffuser. 

2. Discharge angle: These inputs will modify the direction away from the default normal direction. Both values can 

vary from 0o to 85o. 

Note: The velocity as seen in object properties may differ from the velocity you have specified in the dialogue 

box due to difference in their types. The velocity seen in object properties is the effective velocity calculated by 

taking into account the discharge angle specified. They will match only if discharge angles are set to zero. 

3. Temperature: This is the temperature of air being supplied into the room for that boundary. 

4. Moisture content: This is the amount of water vapour present in the air being supplied from that boundary. It is 

defined in kg of water vapour per kg of air. 

5. CO2 Content: This is the amount of carbon dioxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 

6. CO Content: This is the amount of carbon monoxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 
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3.3.4 Swirl Diffuser 

A swirl diffuser creates a circular flow where the throw can be specified with respect to the radius vector. This diffuser 

can be drawn only on surfaces which are aligned with the co-ordinate axes. The direction of the flow will be visible in 

form of arrows. Figure 3-5 shows the properties of this boundary condition. 

 
Figure 3-5: Inputs for the swirl diffuser 

 

 
Figure 3-6: Angles for the swirl diffuser definition 

1. Flow/Velocity: Define the flow from the supply diffuser in form of either a flow rate at m3/s or a velocity normal 

to the plane of the diffuser. 

2. Discharge angle to normal: This is the angle made by the velocity vector with the normal to the surface of the 

diffuser drawn at the point of origin of the velocity vector. It is the angle θ in figure 3-6 above. 

3. Discharge azimuth angle: This is the angle made by the projection of the velocity vector on the swirl diffuser 

surface and the radius vector from the centre of the diffuser to the origin of the velocity vector. It is the angle φ 

in the figure 3-6 above. 

Note: The velocity as seen in object properties may differ from the velocity you have specified in the dialogue 

box due to difference in their types. The velocity seen in object properties is the effective velocity calculated by 

taking into account the discharge angle specified. They will match only if discharge angles are set to zero. 

4. Cells representing boundary flow: As the grid in MicroFlo is castellated in nature, this enables the user to select 

the number of blocks that the diffuser is split into for creation of the grid. This will create the characteristic grid 

lines as explained in the ‘CFD Grid’ section of the user guide. The user has option to choose between “2x2”, 

“3x3”, “4x4” or a “5x5” The visualisation of this grid can be turned on or off by using the command ‘vcomp=on’ 

or ‘vcomp=off’ in the key-in command line. Swirl diffusers are generated to second order using the generated 

mesh and so the actual number of cells may differ from that specified.  

φ 

θ 

N                                 
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5. Temperature: This is the temperature of air being supplied into the room for that boundary. 

6. Moisture content: This is the amount of water vapour present in the air being supplied from that boundary. It is 

defined in kg of water vapour per kg of air. 

7. CO2 Content: This is the amount of carbon dioxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 

8. CO Content: This is the amount of carbon monoxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 

 

3.3.5 Extract 

An extract boundary condition allows a fixed amount of flow to exit the domain. This boundary can be placed on surface 

of any orientation. Figure 3-7 shows the properties of this boundary condition. 

 
Figure 3-7: Inputs for Extract boundary conditions 

Flow/Velocity: Define the flow from the supply diffuser in form of either a flow rate at m3/s or a velocity normal to the 

plane of the diffuser. This is the only input required for this boundary condition. 

 

3.3.6 Pressure 

A fixed pressure boundary is a type of boundary where only the pressure and temperature of the flow is defined. 

Whether it acts as a supply or extract depends on the conditions in the domain. If there is more inflow than outflow, this 

boundary will act as an extract boundary. If the outflow exceeds the inflow, the boundary will act as an inflow. For 

outflow the direction of velocity at the boundary is same as that of the nearest cell. For Inflow the direction is normal to 

the plane of the boundary. Figure 3-8 shows the properties of this boundary. 

 
Figure 3-8: Inputs for pressure boundary condition 
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1. Pressure: Pressure at the boundary in Pa. 

2. Temperature: This is the temperature of air for that boundary. 

3. Moisture content: This is the amount of water vapour present in the air being supplied from that boundary. It is 

defined in kg of water vapour per kg of air. 

4. CO2 Content: This is the amount of carbon dioxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 

5. CO Content: This is the amount of carbon monoxide present in the air being supplied from that boundary. It is 

defined in parts-per-millions of air by weight. 

 

3.4 Solid Boundaries 

3.4.1 Temperature 

This boundary is used to assign a fixed temperature to any part of the surface within the domain. Fig 3-9 shows the 

properties of this boundary condition. The only input required is the temperature. 

 
Figure 3-9: Inputs for Temperature boundary 

An easier way to apply lump sum temperature for wall is by changing the value by selecting any wall/ceiling/floor in the 

room level of decomposition and changing the temperature in the properties bar at the bottom. 

 
Figure 3-10: Changing surface temperature 

This wall change wall temperature only – not windows or doors on the wall. 
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3.4.2 Heat 

This boundary condition is used to add a heat source to the domain in form of a heat flux on the surface. The only input 

required is the heat flux in W/m2. The total amount of various heat sources is shown in the ‘Room Heat Gains’ part of 

the boundary condition dialogue box. Figure 3-11 shows the inputs for Heat boundary. 

 
Figure 3-11: Inputs for heat boundary 

3.5 Interface Boundaries 

3.5.1 Porous Baffle 

Porous baffles can only be applied to holes between two rooms which are connected to create ‘Multi-zone space’. This 

causes a pressure drop to the flow going across this boundary. This is similar to the effect produced by a grille or a 

louvre. The boundary has a symmetric behaviour, i.e. it does not matter which side the boundary is drawn on. Figure 3-

12 shows the inputs for this boundary. 

 
Figure 3-12: Inputs for Porous Baffle boundary 

 

The pressure step for a flow of a given velocity through the baffle can be described by Darcy’s law with an inertial loss 

term 

 

∆𝑝 =  −𝑎 (
𝜇

𝛼
+ 

1

2
𝐶𝜌|𝑣|) 𝑣 ⋯ (1) 

 

Or simplified as:     ∆𝑝 =  (𝑐1 + 𝑐2|𝑣|)𝑣 ⋯ (2)  
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Where ‘a’ is the baffle thickness, ‘c’ is the pressure jump coefficient and ‘α’  is the permeability. The fluid’s viscosity 

and density are given by ‘μ’ and ‘ρ’. This is essentially a quadratic equation and so the simulation accepts the linear and 

quadratic coefficients. 

The curve is cut off at the stationary point,𝑣 = − 
𝑐1

𝑐2
 if c2 is negative. 

 

3.5.2 Fan 

The fan interface pushes the air from one side of the hole in a multi-zone space to the other. The pressure rise due this 

is calculated based on a cubic fan curve. This boundary should be drawn on the side of the hole where the flow is to be 

ejected. The direction of the flow will be visible in form of an arrow. Figure 3-13 shows the inputs for this boundary. 

 
Figure 3-13: Inputs for fan boundary 

 

The cubic equation used to approximate the fan curve for a fan boundary is given as: 

∆𝑝 =  𝑐3𝑣3 +  𝑐2𝑣2 +  𝑐1𝑣 + 𝑐0 ⋯ (3) 

 
The user must specify a target flow rate or target velocity since there can be up to 3 solutions for the velocity for a given 

pressure step. Any value can in principle be chosen for the coefficients, but it is strongly recommended that a 

monotonic decreasing function is supplied to obtain a well behaved solution. This is one where the gradient is never 

greater than zero (
𝜕𝑝

𝜕𝑣 
 ≤ 0 ), and implies that 𝑐2 ≤ 0 and  𝑐1 −  

𝑐2
2

3𝑐3
 ≤ 0 . A quadratic or linear 

function can also be given. 

Set the coefficients to zero and set a target velocity if a constant velocity is required, independent of pressure. 
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4 Components 
Components are used in MicroFlo to act as: 

A. Sources of heat, water vapour, carbon dioxide or carbon monoxide 

B. Obstructions to the flow 

C. As ‘mounting’ surfaces for boundary conditions. 

 

When they are used for purposes defined in point A, they are classed as ‘Source Components’. When they are used for 

purposes defined in points B and C, they are classed as ‘Solid Components’. 

 

Components are applicable for internal simulations only. 

 

4.1 Setting up a component for use in MicroFlo 

Before a component can be used in MicroFlo, it needs to be set as such. Following procedure is used to make the 

component usable in MicroFlo: 

1) Go to ‘Components’ in the applications list of VE. 

2) Create/Import the components you want to use. 

3) Ensure that the components you have created are manifold 3D components. MicroFlo does not accept 2D 

components. 

4) After you are finished creating/importing the component, select the component in the component browser list. 

5) At the bottom right corner, you will see a drop-down box ‘Object’. 

6) Click on this and set this to ‘CFD’ 

 

 
Figure 4-1: Component setup for MicroFlo 

7) Now this component is available for use in MicroFlo. 

8) Repeat if necessary for more components. 
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4.2 Place Component Dialogue box 

Components can only be placed in one of the orthogonal views of the model. To place a component: 

A. Ensure you are in room level of decomposition of the model 

B. Select one of the orthogonal views. 

C. Switch view from ‘Surface’ to ‘Component’ mode in the list of display modes at the top. 

 
Figure 4-2: Switching from Surface to component mode 

 

D. Click on the ‘Place Component’ button ( ) on the MicroFlo toolbar. This will bring up the ‘Place Component 

dialogue box as shown in Figure 4-3. 

 
Figure 4-3: 'Place Component' Dialogue box 
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The ‘Place Component’ dialogue box is divided in the following parts: 

1. Drop list of the various components available for use in MicroFlo 

2. Plane: Height above the datum where the component is to be placed. Note that this is the absolute level for the 

component. E.g. if the floor of the room is 10m above the origin, selecting plane = 10m in plan-view will place 

the component on the floor of that room. 

3. Rotation: Specifies the rotation applied to the component in counter clockwise direction about Z-axis when 

placing the component. 

4. Drop down box to select the view of component before placing it in the model. This is a visual aid only. 

5. Window showing the component in the view selected in the drop down described in item 4 above. 

6. List of various properties that can be applied to the components 

7. Value of the selected property to be applied to the component 

8. Dimensions: The component can be scaled in individual directions to suit the requirement providing re-usability 

of components. The scale can be adjusted by changing the value of X/Y/Z scales or directly changing the value of 

the Length/Depth/Height of the components 

9. Room Heat Gains: This is same as already described in section 3.2 for Boundary Condition dialogue box. 

 

E. After all the properties have been appropriately set, hover over the model with the mouse. You will see the 

component hovering along with the mouse pointer. 

F. Click in the location where you want to place the component. 

G. If needed, the component can be moved/copied/rotated using the appropriate options on the MicroFlo Toolbar. 

4.3 Using Components as Sources 
Source components are used for adding volumetric sources of heat, moisture, CO2 or CO. Such components do not 

obstruct the flow and can be termed as hollow components. To place a component as a source follow the following 

procedure: 

1) Follow steps A to D as outlined in section 4.2. 

2) In step E, untick the box which says ‘Solid’. 

 

You can now add sources of heat in W, moisture, CO2 and CO in kg/hr to this source component. You cannot 

temperature to this component as this is a surface property and as such this component has no surface. 

 

4.4 Using Components as Solids 

Solid components are added to provide a suitable obstruction to the flow. These components can also additionally have 

a heat or temperature boundary assigned to them. To place a component as a solid follow the following procedure: 

1) Follow steps A to D as outlined in section 4.2. 

2) In step E, tick the box which says ‘Solid’. 

 

You can now assign temperature or heat to this solid component. You can only assign one of these two properties to 

this component as when one of these is defined the other is a derived quantity. 

  



Components 
 

27 

4.5 Solid Components with boundary conditions 

The solid components can be further enhanced to add boundary conditions on the surface of the component. To do 

this, when adding a solid component do not add a temperature or heat condition to the component. Place it just as a 

plain solid obstructing the flow. This will automatically apply a zero-gradient heat condition to the component. 

 

Now, navigate to the surface of the component just as you would for a room. Apply the appropriate boundary condition 

as per your requirement on the surface of the component as described in section 3.3 and section 3.4. Interface 

boundary conditions cannot be applied as they can be only applied to the hole between two rooms of a multi-zone 

space. 

 

Also ensure that you don’t apply boundary condition to a surface that is coincident on a surface of the domain. This will 

cause the boundary condition to not take part in the simulation. E.g. if you apply an extract boundary on the face of the 

component lying on the floor, MicroFlo will assume the flow is balanced, but the actual flow will be imbalanced and the 

solution will diverge. 
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5 CFD Settings (Internal Simulation) 

On the MicroFlo Toolbar there is an option called ‘Settings’ ( ). Users can define the various settings for the 

simulation at any time in the modelling process here. This is available at the room level of decomposition. The various 

categories of this dialogue box are described below. 

 

5.1 Turbulence Model 

 
Figure 5-1: CFD Settings: Turbulence Model 

 

There are two types of turbulence models available in MicroFlo 

1. k-e (default).: This is the most generally accepted and widely used turbulence model The k-e model calculates 
turbulent viscosity for each grid cell throughout the calculation domain by solving two additional partial 
differential equations, one for turbulence kinetic energy and the other for its rate of dissipation. 

2. Constant effective viscosity: This model does not attempt to account for the transport of turbulence but offers 
the user a much faster, much more approximate method of accounting for turbulence than the k-e model. 
The turbulent viscosity is assumed constant throughout the calculation domain and it can be defined either 
by specifying an absolute value or a multiplier, which is applied to the molecular laminar viscosity. This 
specification of turbulent viscosity is at best approximate but does allow a number of scenarios to be 
investigated for key features, prior to using the k-e model. 
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5.2 Surface Heat Transfer 

 
Figure 5-2: CFD Settings: Surface Heat Transfer 

 

The user has two option here: 

A. Program-calculated (default): MicroFlo will calculate the heat transfer coefficient from the surface based on 
the local conditions of temperature and velocity around the surface. 

B. User-defined: Users can explicitly define the heat transfer coefficients for various surfaces. 

5.3 Boundary Conditions 

 
Figure 5-3: CFD Settings: Boundary Conditions 

 

Here you can set the default temperatures for surfaces and windows respectively. Note that doors and holes are treated 

as surfaces vis-à-vis these settings. These need not be set if the boundary conditions are being imported from the 

VistaPro results. 
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5.4 Grid Settings 

 
Figure 5-4: CFD Settings: Grid Settings 

 

This is where you define the properties of the grid. 

A. Default Grid Spacing: MicroFlo will try to create the grid comprising of blocks whose each side measures this 

length. 

B. Grid Line Merge Tolerance.  The merge tolerance enables grid lines that are separated by a distance less than 

the tolerance to be merged into a single grid line to minimise superfluous gridding. Both values default to the 

last values you entered. Ensure that this value is less than or equal to the thickness of the smallest component. 

For example, if the walls that are imported using “Create multi-zone space partitions” are set up using 0.1m 

thick components so grid merge tolerance should be less than or equal to 0.1m.  

5.5 Initial Conditions 

 
Figure 5-5: CFD Settings: Initial Conditions 

The user defines the initial conditions with respect to the three velocity components and the temperature of the air 

before the analysis begins.  
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As such MicroFlo is a steady state analysis tool. So ideally, the final conditions obtained from simulation are 

independent of the initial conditions, However, if the flow field is set up in such a way that the initial velocity and 

temperature are close to the final value, quicker converge on the solution may be obtained.  

 

5.6 Discretisation 

 
Figure 5-6: CFD Settings: Discretisation 

 

This is an advanced option and is to do with the combined convection-diffusion coefficients that result from 

discretisation of the defining differential equation set.  

 

Early attempts to derive CFD solution schemes using the traditional central difference approach to discretisation were 

found to fail for flows with high absolute value of Peclet number, due to the highly non-linear relationship between the 

transported variable and the transport distance.  

 

The basic remedy for this behaviour is to allow the finite volume cell interface values of the convected properties to 

take on the upwind grid point values; this method is known as the ‘upwind’ scheme. Advanced users who wish to use an 

alternative scheme may opt for the arguably more accurate but more computationally expensive hybrid and power-law 

schemes. 
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5.7 Supplies and Extracts 

 
Figure 5-7: CFD Settings: Supplies and Extracts 

 

This sets the number of cell faces across a non-orthogonal inlet. This is used to determine the number of characteristic 

grid lines used to resolve the openings with creating the grid. Entering the command “vcomp=on” will show the inlet 

form. Figures 5-8 and 5-9 below show the difference in grid with different maximum dimension used. 

 

 
Figure 5-8: View of non-orthogonal inlet with maximum dimension set to 1m. 
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Figure 5-9: View of non-orthogonal inlet with maximum dimension set to 0.25m. 

 

 



CFD Grid 
 

34 

6 CFD Grid 
The CFD grid is the basic building blocks of the CFD model. It is the collection of small cells into which the domain is 

divided. Let us look first look at the CFD grid view of MicroFlo. This can be brought up by selecting ‘CFD Grid’ in the list 

of display modes when at room level of decomposition. CFD grid is the default view for the external simulations. 

 

6.1 CFD Grid View 
 

 
Figure 6-1: CFD Grid: Basic layout 

 

There are two part to the basic layout of the CFD grid view. 

1. Grid Manipulation Toolbar: This toolbar enables manipulation of the grid. There are 5 buttons on 

the toolbar 

a) : Generate Grid: Generates and/or resets grid 

b) : Insert Region: Used to insert a region between existing regions 

c) : Remove Region: Used to remove a manually inserted region 
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d) : Edit Region: used to edit an existing region of the grid.  

e) : Grid Statistics: gives grid statistics 

2. Grid Browser: This lists out the various regions in grid and their properties. Each region is listed by 

the real world coordinate of the characteristic grid line in that direction. 

 

6.2 CFD Grid Philosophy in MicroFlo 

The CFD grid in MicroFlo is an orthogonal only grid. This means it is always aligned with the X, Y and Z axes of the 

coordinate system irrespective of the orientation of the model and/or the various surfaces in the model. The base grid is 

generated based on the default grid settings as supplied in section 5.4. MicroFlo will try to create a grid that is the size 

of the extents of the domain and cell with sides equal to the length specified as default grid spacing. It also creates grid 

regions at edges of all the objects in the domain. Objects includes components, boundary conditions and rooms features 

likes doors and windows. This ensures that all edges and vertices of these objects are captured and that these objects 

are fully defined in the grid. Figure 6-2 shows how a typical grid looks likes 

 

 
Figure 6-2: CFD Grid: Typical 

 

The red lines seen are called as the characteristic grid lines. These are the lines that demarcate the region created by 

edges of the objects as described above. These regions are fixed and cannot be removed from the grid. These regions 

are also not removed even if they fall foul of the grid line merge tolerance distance. 
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As seen above, the grid is orthogonal only. This means that for rooms not aligned with the axes or of irregular shape, the 

grid will extend outside the domain. Examples of this can be seen in figures 6-3 and 6-4 below. 

 

 
Figure 6-3: CFD Grid: Room not aligned to orthogonal axes 

 

 
Figure 6-4: CFD Grid: L-shaped room. 
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6.3 Grid Manipulation 

The default grid generated can be modified by using the various grid manipulation techniques. These techniques are 

applicable to both the internal and external simulations. The commands for this can be found on the grid manipulation 

toolbar located on top of the grid browser as seen in figure 6-1. 

 

6.3.1 Generate Grid: 

This will refresh the grid based on the default grid settings as per section 5.4. This will also delete all the grid 

manipulations you have done and reset the grid to default. 

 

6.3.2 Insert Region 

This is used to create new regions between existing regions of the grid. To insert region, select the region in the browser 

before which you want to insert the region. Then click on the ‘Insert Region’ button. This brings up the dialogue box 

shown in figure 6-5 with two user inputs 

 
Figure 6-5: Insert Region dialogue 

A. End Coordinate (m): Here the user enters the coordinate of the characteristic line that is to be introduced. 

This number has to be less than the region you had clicked before bringing up the dialogue box and greater 

than the previous number in the grid browser. 

B. Spacing: This determines how the cells are distributed within the newly created region. 

1. None: This create a single cell in that direction for the new region 

2. Uniform: 

 
Figure 6-6: Uniform spacing 

This options tries to create a uniform grid across the new region with cell length equal to the 

minimum spacing mentioned in this option. 

3. Increasing Power Law: This option will try to create cells with lengths increasing the positive 

direction of that coordinate axis.  
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Figure 6-7: Increasing Power Law 

This creates a grid in that coordinate direction in such a way that the length of the next cell is 

power times the length of the previous cell. The end coordinate of any cell is given by the formula: 

𝑋𝑖 = 𝑋𝑠 +  (𝑟𝑒𝑔𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ) ∙ (
𝑖

𝑁
)

𝑝𝑜𝑤𝑒𝑟

⋯ (4) 

Where, 

Xi: end coordinate of the ith cell in the region (it can be Y or Z coordinate as well) 

Xs: start coordinate of the first cell in the region 

N: number of divisions 

i: any cell in the region 

power: The ratio for increase specified while defining the region. 

Region length: End coordinate – Xs 

 

4. Decreasing power Law: This option is opposite to the previous option. Here the cell length in the 

positive coordinate direction goes on increasing.  

 
Figure 6-8: Decreasing Power Law 

 

This creates a grid in that coordinate direction in such a way that the length of the next previous 

cell is power times the length of the next cell. The end coordinate of any cell is given by the 

formula: 

𝑋𝑖 = 𝑋𝑠 +  (𝑟𝑒𝑔𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ) ∙ (1 −
𝑖

𝑁
)

𝑝𝑜𝑤𝑒𝑟

⋯ (5) 

Where, 

Xi: end coordinate of the ith cell in the region  

Xs: start coordinate of the first cell in the region 

N: number of divisions 

i: any cell in the region 
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power: The ratio for increase specified while defining the region. 

Region length: End coordinate – Xs 

 

5. Symmetric Power Law: This is a combination of the previous two methods of grid size distribution 

where the cell size increases as per the increasing power law till the midpoint of the region and then 

reduces as per the decreasing power law. 

 
Figure 6-9: Symmetric Power Law 

In equation for it is written as 

𝐹𝑜𝑟 𝑖 ≤
𝑛

2
, 𝑋𝑖 = 𝑋𝑠 +  (

𝑟𝑒𝑔𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ

2
) ∙ (

2𝑖

𝑁
)

𝑝𝑜𝑤𝑒𝑟

 

 

𝐹𝑜𝑟 𝑖 >
𝑛

2
, 𝑋𝑖 = 𝑋𝑠 +  (

𝑟𝑒𝑔𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ

2
) ∙ (2 −

2𝑖

𝑁
)

𝑝𝑜𝑤𝑒𝑟

⋯ (6) 

Where, 

Xi: end coordinate of the ith cell in the region (it can be Y or Z coordinate as well) 

Xs: start coordinate of the first cell in the region 

N: number of divisions 

i: any cell in the region 

power: The ratio for increase specified while defining the region. 

Region length: End coordinate – Xs 

 

6.3.3 Remove Region 

This command is used to remove the manually inserted regions from the grid. The default generated grid regions cannot 

be removed as they define the geometry of the domain. 

 

6.3.4 Edit Region 

This command is used to edit the default and/or the manually created regions of the grid. The end coordinate cannot be 

edited, but the distribution can be edited.  The options are same as seen in section 6.3.2. 

 
Figure 6-10: Edit Grid Region  



CFD Grid 
 

40 

6.3.5 Grid Statistics 

This command shows the grid statistics as per the latest grid manipulations. Figure 6-11 below shows a typical grid 

statistics report. 

 
Figure 6-11: Grid Statistics 

The first section gives the number of cells generated in each direction and the total number of cells in the grid. This 

includes the cells generated outside the zone if the zone is not rectangular and/or aligned with the coordinate axes. 

 

The second part shows the memory details. It shows the memory required to define the grid. It also shows the memory 

available. This number can go up to 3.9GB of RAM only irrespective of the total memory available on your computer as 

MicroFlo is a 32-bit application. 

 

The last section reports the maximum cell aspect ratio of the grid. This is a critical parameter of the grid and health of 

the solution is very much linked to this parameter. Cell aspect ratio is basically the ratio of the lengths of the longest and 

shortest edges of any of the cells within the domain. 

 
Figure 6-12: Cell Aspect Ratio 

 

MicroFlo will not allow simulation to run if maximum CAR exceed 50:1. It is recommended to keep it under 10:1 for best 

results. 
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7 Multi-zone Spaces 
MicroFlo allows you to do internal CFD simulations of multiple rooms by connecting them. This allows the user to get a 

holistic view of the flow as it passes through multiple rooms. Typical examples include an apartment with different 

rooms connected via open door, remote exhaust locations etc. 

 

The only pre-requisite for connecting rooms is that they have be connected to each other via ‘holes’. They cannot be 

connected by doors and/or windows only. The procedure to connect room is described in the sections below. 

 

1. Select one of the rooms at model level of decomposition as a parent room. Typically this is a room which is 

connected to most other rooms when you are connecting multiple spaces. E.g. in the figure below the room on the 

north-west corner on ground floor connects to both the small room on north and L-shaped room on the east. 

 

 
Figure 7-1: Selecting the parent room 

 

Now, click on the ‘Create multi-zone space’ button on the MicroFlo toolbar. 
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2. Select the rooms you want to connect to the parent room. These are designated as ‘Child Rooms’. You can either 

select and add them one at a time or select multiple rooms by using Ctrl+Click to add multiple rooms at the same 

time. 

 

 
Figure 7-2: Selecting 'Child Rooms' 

 

Once you have done selecting all the rooms click on ‘Add’ to create the multi-zone space. If you are done, click 

‘Close’ to close the dialogue box or select more rooms to repeat procedure with other rooms. 
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3. Once you have finished step 2, you will see that when you select the parent room at model level, the child rooms 

are also highlighted. 

 
Figure 7-3: Child room highlighted when parent room selected 

 

4. Now move down to the room level of the parent room. The child rooms will also appear along with the parent 

room. 

 
Figure 7-4: Multi-zone space at room level 
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5. Now, click on the ‘Create Multi-zone space partitions’ button on the toolbar. 

 
Figure 7-5: Create Multi-Zone space partitions: Before 

This will create thick partitions between zones. The thickness of the partitions is equal to the thickness of 

construction as specified for that wall in the DSM. This ensures that the cells in the CFD model do not overlap each 

other at the walls which are common to the two rooms. 

 

 
Figure 7-6: Create Multi-zone space: After 

 

  



Multi-zone Spaces 
 

45 

6. Now that the multi-zone space is set up, you can proceed with adding boundary conditions as specified earlier. The 

boundary conditions for each room need to be added individually when being input manually. So to add boundary 

conditions in the child rooms, you will have to go back to model level and then down to room level of the child 

room to add the boundary conditions. 

 

When you are looking at flow balance in the parent room, it will show you the sum of all the inlets and extracts 

across all the connected rooms. So you can have a supply diffuser in one room and extract diffuser in other room. 

The hole between the rooms will allow the air to flow between one rooms to another. 

 

When boundary conditions are imported, you will only need to import them in the parent room. The boundary 

conditions for the connected rooms will be imported automatically. There is no need to import boundary 

conditions individually in such a case. 

 

7. To delete the multi-zone space, follow steps in opposite order. First, when in parent room, click on ‘Destroy Multi-

zone Space partitions’ to remove the partitions. Then move back to the model level and click on’ Separate multi-

zone space’ to separate the rooms. 
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8 Importing Boundary Conditions from VistaPro Results 
MicroFlo allows user to assign boundary conditions to the room(s) for an instance of VistaPro results automatically. This 

allows the user to look at how the flows are in detail for one instance of time. 

 

Importing will bring in the following parameters automatically: 

1) All surface (wall, window, door and hole) temperatures. 

2) Flows through MacroFlo openings (optional) 

3) Convective component of the internal gains specified in the room template of ApacheSim. (optional) 

4) The rate of generation of H2O and CO2 within the domain due to internal gains. 

 

Importing will NOT bring in the following: 

1) Flows due to infiltration 

2) Flows due to any other air exchanges specified 

3) Flows due to ApHVAC components 

 

The boundary conditions’ file can be read to understand the amount of heating or cooling required for the particular 

room, but this data will not be imported automatically. 

 

8.1 Preparing for Import of Boundary Conditions 

Before you are able to import the boundary conditions, you have to make sure the Apache Simulation is setup correctly 

to export the boundary conditions. This can be done easily in the ApacheSim dialogue box. Before you run Apache Sim, 

open the output options. 

 

 
Figure 8-1: Apache Simulation Dialogue 
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Figure 8-2: Output Options 

 

In this dialogue, make sure you have selected the ‘Outputs required by MicroFlo’ option. In the list at the bottom, 

ensure that you have selected all the rooms that you want the boundary conditions exported for after running the 

Apache Simulation. You can select multiple rooms by holding Ctrl and clicking on various rooms in the list. Please note 

that boundary conditions will NOT be exported for the rooms which are not selected in the list. Click OK to close this 

dialogue box after you have set everything as per requirements and/or choice. Run the ApacheSim now. 

 

After running Apache Sim, the results will open in Vista/VistaPro as per the choice selected. Once you have analysed the 

results and selected an occasion to export the results, go to ‘Menu -> Vista/VistaPro -> Export Boundary Conditions’. 

 

This will bring up the dialogue box shown in figure 8-3 below. Select the appropriate date and time for instance of 

results. Ensure that the ‘Averaged Duration’ is greater than or equal to the ‘Reporting Interval’ seen in ApacheSim 

dialogue in figure 8-1. Choose an appropriate file name with ’.bcf’ as the extension. Click Ok to complete the export of 

boundary conditions. Click Cancel if you want to abort the export. 

 

Note that you will need to create a separate file for each instance of results you want to look at in detail. 

  



Importing Boundary Conditions 
 

48 

 

 
Figure 8-3: Boundary conditions export dialogue 

 

This file will be placed in the ‘Vista’ folder of the project folder. 

 

8.2 Importing the Boundary Conditions 

After you are done exporting the boundary conditions to the file, switch to the MicroFlo application. Navigate to the 

room level of the room you want to import the boundary conditions for. If it is a multi-zone space, navigate to the room 

level of the parent room of that multi-zone space. Click on ‘Import Boundary Data’ button on the MicroFlo toolbar or go 

to ‘Menu -> MicroFlo ->Import Boundary Data’. This will bring up the dialogue box which will initially look like in figure 

8-4. 

 
Figure 8-4: Import CFD data: Initial view 

 

8.2.1 Boundary Conditions 

This is a mandatory option for the dialogue. Otherwise the dialogue will not do anything. This option will bring in the 

temperatures of various surfaces within the domain. For wall/ceilings/floors with external adjacency, the temperature 

will be applied as surface temperature as explained in figure 3-10. For all others i.e. windows, doors, holes and walls 

with internal adjacency, the temperature is applied as a temperature boundary condition. 
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8.2.2 Import Opening Flows 

This option allows you to select if you want to automatically include the MacroFlo openings in the MicroFlo analysis. 

Clicking this option expands the ‘Import CFD Data’ dialogue as in figure 8-5. 

 

 
Figure 8-5: Import Opening flows 

The openings are imported in the following manner: 

1) Each opening is divided into two parts – flow region and non-flow region. The area of the flow region is equal to 

the equivalent orifice area of that opening as defined in MacroFlo. 

 
Figure 8-6: Equivalent Orifice opening 
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2) The rest of the opening is blanked off to form the non-flow region. This region will be applied a temperature 

boundary condition as per the exported VistaPro results. If the opening has 100% equivalent orifice area, then 

there will be no non-flow region of the boundary. 

3) The flow area then could be treated further based on the nature of the opening. If the VistaPro results indicate 

that the opening has unidirectional flow, then the rest of the opening will be applied either a ‘General Supply 

Diffuser’ boundary condition or an ‘Extract’ boundary condition depending on the direction of the flow at the 

opening. For the supply diffuser, the inputs with regards to the property of air (temperature, humidity, CO2 and 

CO will be equal to the levels on the other side of the opening. If the opening connects to the outside, the 

conditions will be ambient. If the opening is internal, the properties will be based on conditions on the adjacent 

room. 

4) If the VistaPro results predict the opening to have a flow in both directions – in and out of the domain, the flow 

region will be divided into two parts whose areas will be directly proportional to the flowrates in each direction. 

As before, the inlet to the domain will be general supply diffuser with properties as described in point 3 above. 

The outlet from the domain will be an extract diffuser. Whichever opening is expected to have airflow at a 

higher temperature will be placed in the higher position. E.g. if the room temperature predicted is 23oC and the 

ambient is 30oC, the extract boundary will be placed under the supply boundary. 

 

There are three options for ‘Importing the Flows’ 

1) Window Opening Position: This will determine the side on which the flow region will be placed on the opening. 

This position is based on looking at the opening at the surface level of decomposition for that surface.  

2) Minimum Opening Dimension (m): The flow opening will not be imported if any of the dimensions of the flow 

boundary condition are less than the number noted here. This also means the flow associated with the opening 

is not imported and could lead to flow imbalance. 

3) Minimum Opening Flow (l/s): As above, the opening will not be imported if the flowrate through the opening 

falls below this threshold. Again, if this value is set to too high, it could lead to flow imbalance. 

 

Flow imbalance may occur in following cases: 

1) The room has an HVAC supply /extract and the make-up air is accounted for by a MacroFlo opening. Since 

MicroFlo only imports MacroFlo opening, there may be a unidirectional flow boundary imported without a 

corresponding extract or supply. In this case, the HVAC supply or extract has to be added manually. The VistaPro 

results may have be queries for determining the properties of the general supply diffuser that is based on HVAC 

supply. 

2) There are non-rectangular openings. MicroFlo only draws rectangular supply/extract diffuser boundaries for 

non-rectangular openings. It may happen that such boundaries overlap with other boundaries and may not get 

drawn and cause imbalance. 

3) You have imported boundary conditions before you have completed the creation of the multi-zone space and 

partitions. 

 

  



Importing Boundary Conditions 
 

51 

8.2.3 Import Room Gains 

This option allows you to automatically include the convective component of the room internal gains in the MicroFlo 

analysis. Clicking the option looks as in figure 8.7 

 

 
Figure 8-7: Import Room Gains 

The room gains are imported in the following manner. 

1) Each internal gain is divided into a convective component and a radiative component. This division is based on 

the inputs provided for the internal gains in respective template. 

2) The radiative component is applied as a temperature correction on the walls. This leads to a slight increase in 

wall temperature. Thus the radiative component is added to the simulation indirectly.  

3) The convective component of the gains is available for the user to apply. If not applied manually, this will be 

applied as a diffuse source of heat throughout the room. 

4) In addition to the heat gains, the rate of generation of water vapour and CO2, calculated on basis of the latent 

gains in that rooms, are also imported. These are also applied as diffuse source throughout the space. 

 

The summary of the gains can be seen in the room properties at model level. It shows the details for that particular 

room.  

 

 
Figure 8-8: Gains import status 

The green tick mark shows the gains’ import is active. It can deactivated by double clicking on the green tick mark to 

change it to a red cross. Now the gains’ import is turned off. This does not affect boundary conditions. 
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For MicroFlo, any heat adding boundary or a heat source is a heat gain. It may represent a heater or a person. When the 

green tick mark is ON, the maximum heat gains that you can add is equal to the total heat gain as seen in the figure. If 

you exceed the number, MicroFlo will automatically add a cooling effect to counter this additional gain. If you do not 

want MicroFlo to counter the gain, you can set the green tick mark to a red cross as described. Now there is no limit to 

the gains that can be applied. 

 

8.3 Boundary Condition File 

The boundary condition file can be found in the Vista folder inside the project folder. This file can be opened in a text 

editor/spreadsheet tool to view the exported data. We recommend that you do not edit the file manually. The file has 

the following sections as explained below 

8.3.1 Header 

The file header looks like in  

 
Figure 8-9: Boundary Condition File header 

This is just the header section which details out how the information has been listed in the file. At the top it lists the file 

type which is ‘Vista BCF’. This followed on next line by the instance for which boundary conditions were exported and 

the duration used for averaging of the VistaPro results for the export.  
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8.3.2 Atmospheric Data 

 
Figure 8-10: Boundary Condition File: Atmospheric data 

This section lists the atmospheric data for the external conditions for the instance of export of boundary conditions.  

 

8.3.3 Room Data 

 
Figure 8-11: Boundary Condition File: Room Data 
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This lists out the results for the room. This is the basis of the data imported into MicroFlo simulation. A particular point 

of interest is the ‘Convective Plant Load’. In case you have imported your results from the results of the ApacheSim 

where the room has a set point, ‘Convective plant Load’ will be the heating and cooling that will have to be applied to 

the CFD model to achieve the same average temperature results as the ‘Room Air Temperature’ noted here.  

 

As a thing to watch out for: If you import room gains and apply this heating or cooling, MicroFlo will try to compensate 

for the increase or decrease in gains applied. To counter this, set the green tick mark seen in figure 8-8 to a red cross 

and then apply the gains and heating or cooling. 

 

8.3.4 Surface data 

 
Figure 8-12: Boundary Condition File: Surface data 

This part lists out the details of the surface temperatures being imported. For the surfaces which have no adjacency, the 

single value of surface temperature is noted. For surfaces with adjacency, temperature of each adjacency is noted 

individually. 

 

8.3.5 Opening data 

 
This notes the data for openings like windows, doors and holes. The surface temperature is the temperature applied to 

the non-flow surface of the opening as seen in section 8.2.2. In case the flows through the opening are zero, the 

opening will only have the surface temperature assigned to it. 
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This is particularly useful in case of imbalance of flow occurring due to shape of the openings as explained in section 

8.2.2. If there is imbalance showing up due to this, you can confirm it by going through the list of openings for that room 

and cross checking if all openings have been included. If one or more are excluded, you can go ahead and make suitable 

changes to the original model or add the missing flow boundaries manually. 
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9 External Simulation 
External CFD simulation enables the user to analyse the flow around the buildings. Characteristics of external simulation 

in MicroFlo are as follows: 

1) The simulation is isothermal 

2) All external openings are assumed to be closed – there is no interaction between internal and externa air. 

3) In MicroFlo external simulation, the north is always in the positive Y direction irrespective of the site rotation set 

in ModelIt. 

4) It does not read in any weather data. 

5) There are no user applied boundary conditions or components for external simulation. 

 

The only things that need to be setup are the orientation of the model, CFD grid and the wind speed before you run the 

simulation. 

 

To switch from the internal simulation to external simulation, click on the drop down box on MicroFlo toolbar at model 

level of decomposition. 

 

 
Figure 9-1: Switch from internal to external simulation 

 

This will immediately switch to a grid view. 
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Figure 9-2: External Simulation view 

 

After this, all the set-up is done through the CFD settings dialogue brought up by clicking the ‘CFD Settings’ ( ) button 

on the MicroFlo toolbar 

9.1 Wind 

This tab on the CFD Settings dialogue lets you input all the settings related to the wind. 

 

 
Figure 9-3: CFD Settings: Wind 
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1. Wind Direction (o): This is the direction from where the wind will be coming from. It is measured as degrees east of 

north. You will find that the model rotates while the grid is fixed as you change this number. 

2. Wind Velocity (m/s): Input the meteorological wind velocity that you want to consider for the analysis. 

3. Exposure: This option determines the shape of the wind boundary layer. The typical shape of the wind boundary 

profile is shown in figure 9-4 below. 

 
Figure 9-4: Typical velocity profile of an atmospheric boundary layer 

 

The wind speed UH at height H above the ground is given by: 

 

𝑼𝑯 =  𝑼𝒎𝒆𝒕 (
𝜹𝒎𝒆𝒕

𝑯𝒎𝒆𝒕
)

𝒂𝒎𝒆𝒕

(
𝑯

𝜹
)

𝒂

… … … … … … … … … … … … … (𝐸𝑞. 1) 

 

Where, 

a = Exponent in power law wind speed profile for local building terrain 

δ = fully developed strong wind atmospheric boundary layer thickness (m) 

amet = Exponent for the meteorological station 

δmet = Atmospheric boundary thickness at the meteorological station (m) 

Hmet = Height at which meteorological wind speed was measured (m) 

Umet = Hourly meteorological wind speed, measured at height Hmet (m/s) 
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The exposure types and related parameters can be described as follows: 

Terrain Type Description Exponent a Layer Thickness δ (m) 

Country 

Open terrain with scattered obstructions 

having heights generally less than 10 m, 

including flat open country typical of 

meteorological station surroundings 

0.14 270 

Suburbs 

Urban and suburban areas, wooded areas, or 

other terrain with numerous closely spaced 

obstructions having the size of single-family 

dwellings or larger, over a distance of at least 

2000 m or 10 times the height of the structure 

upwind, whichever is greater 

0.22 370 

City 

Large city centres, in which at least 50% of 

buildings are higher than 21m, over a distance 

of at least 2000 m or 10 times the height of 

the structure upwind, whichever is greater 

0.33 460 

 

The meteorological data is always assumed to have been captured on a ‘Country’ type terrain. 

9.2 Grid Settings 

This tab on the CFD Settings dialogue lets you input all the settings related to the grid. 

 

 
Figure 9-5: CFD Settings: Grid Settings 

1. Default Grid Spacing (m): This is same as the setting as explained in section 5.4. 

2. Grid Line Merge Tolerance (m): This is same as the setting as explained in section 5.4 
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3. Domain Extents (beyond model): For external simulations, the grid around the model has to be large enough to 

accommodate any of the large fluid structures that can be created in the wake of the model and the also ensure 

that the boundaries other than the ground do not have an effect on the results. The extents noted here are beyond 

the bounding box of the entire model including any adjacent building and other external paraphernalia added to the 

model. Typical recommendation are as follows: 

a. Upwind: This should be at least 5 times the height of the tallest object (building or otherwise) present in the 

model. 

b. Downwind: This should be at least 15 times the height of the tallest object (building or otherwise) present in 

the model. 

c. Sides: This should be at least 5 times the height of the tallest object (building or otherwise) present in the 

model. 

d. Above: This should be at least 5 times the height of the tallest object (building or otherwise) present in the 

model. 

 

9.3 Turbulence Model 

Refer to section 5.1 for more details. 

 

9.4 Discretisation 

Refer to section 5.6 for more details. 
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10 Running the simulation 

After the simulations have been setup, it is now time to run the simulation. To run the simulation click on the Run ( ) 

button on the MicroFlo toolbar. For internal simulation it is accessible when you are at room level of decomposition. For 

external simulation it is available at model level of decomposition. Alternatively you can also access this via Menu -> 

Tools -> Run Simulation. 

 
Figure 10-1: Run Simulation 

 

Clicking the run button will bring you to the grid statistics box. This has already been covered in section 6.3.5. 

 
Figure 10-2: Grid Statistics 
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If you have run a previous simulation, it will prompt you about it. 

 
Figure 10-3: Previous Simulation 

You can select one of the three options to proceed. Proceeding will generate the grid with a prompt telling you it is 

doing so. 

 
Figure 10-4: Generating Grid 

10.1 MicroFlo Monitor 

Figure 10-5 shows the MicroFlo Monitor window. 

 
Figure 10-5: MicroFlo Monitor 

 

The MicroFlo Monitor is divided into 8 parts as shown in the figure above 

1. Legend: This legend shows the colour of the lines plotted for the residuals for the various variables. The variables 

are u (X-velocity), v (Y-velocity), w (Z-velocity), t (Temperature), k (Turbulent Kinetic Energy), e (Rate of dissipation 

of turbulent kinetic energy) and m (mass continuity). 

2. Residual Plot: This is the area of the MicroFlo monitor where the residuals are plotted. Residual, in simplest terms, is 

the difference between the value calculated in the current outer iteration and the previous outer iteration. 

Convergence is achieved when the residuals falls to zero. Due to the numerical approximations involved, the 

residual will never become zero but fall to a value as close to zero as possible. 
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3. Outer Iterations: This is the number of iterations for which the solution is recalculated for. 

4. Turbulence Model: This is same as explained in section 5.1. It is provided here as a quick way of switching the 

turbulence model for troubleshooting. 

5. Isothermal: This is the option for switching the energy solver ON/OFF. For external simulation, this box will be ticked 

ON and greyed out as the simulation is isothermal only. 

6. Variable Control: This allows the user to define the rules for controlling the convergence of each individual variables. 

Not all of these are relevant to every variable being solved for. The options are: 

a. Inner Iterations: This is the number of times the variable will be recalculated for each outer iteration. 

b. False Time Step: This is a characteristic input of the formulation used by the solver. It ensures that any 

variable does not traverse more than the length of the smallest cell in the grid to ensure the correct physics 

is captured. 

c. Relaxation Factor: This calculates how much is the solution in this outer iteration based on the solution in 

the previous outer iteration. Value of 1 indicates that a fresh solution is being calculated every outer 

iteration. Lowering the value increases the dependence of solution of this outer iteration on the previous 

outer iteration till value reduces to 0. 

d. Termination Residual: This lowest value to which the residual of that variable is allowed to reduce to. 

7. Cell Monitor: We will discuss more about this in section 10.2. 

8. Boundary Condition File: This shows the name of the boundary condition file which was used to import the data for 

that internal simulation. It should generally show a blank if boundary conditions have not been imported. It 

sometimes shows a value if you happen to run a simulation where boundary conditions have not been imported is 

run immediately after a simulation where boundary conditions have been imported. 

9. Status bar: shows whether simulation is running or completed. 

 

Figure 10-6 below shows how the MicroFlo Monitor looks while the simulation is running. 

 
Figure 10-6: MicroFlo Monitor - simulation running 
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The simulation can be aborted by clicking on the ‘Abort’ button at the bottom. This will delete all the results and reset 

the simulation.  

 

To view the results during the simulation, click on ‘Pause’ to pause the simulation. ‘Close’ the window. Then go to the 

MicroFlo viewer to look at the results. To resume, close the MicroFlo Viewer and click on ‘Run’. After the grid statistics 

you will be prompted by the dialogue seen in figure 10-3. Select appropriate option to resume the simulation. 

 

If the simulation converges based on the convergence criteria, the residuals will slowly reduce to the level input and the 

status bar will say ‘Run Completed’.  

 

If the residuals plummet to zero suddenly, then it means the solution has diverged and the simulation setup needs to be 

reviewed. More about this in the Troubleshooting Section at the end. 

 

10.2 Cell Monitors 

Cell Monitors are used to record the values of various variables at locations of interest. They may also be used to gauge 

the convergence of the model. Since it records the values at each iteration, convergence can be assumed if the values of 

variables stop changing over a large number of iterations. 

 

To add cell monitors, just click on the ‘Add Cell’ button underneath the list seen in section 6 of figure 10-5. It will bring 

the ‘Add Cell’ dialogue box. 

 

 
Figure 10-7: Add Cell 

 

Enter the coordinates of the location of interest within the appropriate boxes. Ensure that point lies within the room(s) 

for which analysis is being carried out. Click Ok to add the point. You can add many points like this. 

 

Once added, you can remove the cell by selecting the point in the list and clicking ‘Remove Cell’ button. This button is 

activated only when more than one cell has been added. At least one cell has to be present for the simulation. 

 

The progress of the cell monitors can be seen only when the simulation is running by clicking the check box for ‘Display 

Cell Monitor’. 
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Figure 10-8: MicroFlo Monitor: Display Cell Monitor 

 

Once the simulation has been completed, you may want to read the data from the cell monitors. The results are stored 

in this location: project folder -> cfd -> cell.’ To find the file name corresponding to the cell, you can open the ‘.cel’ file in 

a text editor. It will look something like this: 

 

 
Figure 10-9: Contents of ‘.cel’ file 

So here, the data for the cell at location (5, 3.5, 1 5) will be stored in file ‘50_34_15.log’ file in the cell folder. The data 

will look something like this: 

 
Figure 10-10: Contents of the cell monitor log 
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The data is divided into 7 columns. In order they are x component of velocity, y component of velocity, z-component of 

velocity, temperature, turbulent kinetic energy, rate of dissipation of turbulent kinetic energy and local mass flow. The 

last variable is meaningless on its own as mass continuity is a global measure. Each line of the data corresponds to one 

outer iteration. After convergence, the data of relevance is the data on the last line of the log file which corresponds to 

the final outer iteration. 
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11 MicroFlo Viewer 
The MicroFlo viewer is the post-processing tool for MicroFlo simulations –both internal and external. It can be accessed 

by pressing the MicroFlo Viewer ( ) button on the MicroFlo toolbar. 

11.1 MicroFlo Viewer Window 

The basic layout of the MicroFlo Viewer Window is as seen in figure 11-1. 

 
Figure 11-1: MicroFlo Viewer Window 

 

1. MicroFlo Toolbar: This contains the buttons for basic functionality of the MicroFlo viewer. 

2. List of keys of primary variables calculated during the simulation available for display by selecting one at a 

time. 

3. List of the various types slice display options. 

4. List of keys of the variables calculated in the comfort calculations 

5. List of the various types slice display options for the comfort variables 

6. List of available slices for display. These lie at cell centres of the cells of the grid. 

7. Model window showing the results 
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11.2 MicroFlo Viewer Toolbar 

 
Figure 11-2: MicroFlo Toolbar 

 

1. Open File: Open results of a previously saved simulation file (.cdf) 

2. Print: Print the view of results as displayed in the model window 

3. Copy to Clipboard: Copy the contents of the model window view to the windows clipboard  

4. Save image to file: Save the model view as a bitmap file 

5. Create AVI: Opens the dialogue to capture video 

6. Orbit: Rotates the model 

7. Zoom: Zoom in and out of the model 

8. Pan: Pan across the model 

9. Open GL Information: Displays details on the graphics processing unit being used by the VE. 

10. Display Settings: Opens the dialogue for the various settings for the MicroFlo Viewer 

11. Remove all slices from display: Deletes all the slices currently on display and clears the window 

12. Thermal Comfort: Opens the dialogue for the thermal comfort parameters 

13. Temperature surfaces: Plots the iso surfaces of temperature 

14. Velocity surfaces: Plots the iso surfaces of velocity 

15. Pressure surfaces: Plots the iso surfaces of pressure 

16. H2O Surfaces: Plots the iso surfaces of water vapour 

17. CO2 Surfaces: Plots the iso surfaces of carbon dioxide 

18. CO Surfaces: Plots the iso surfaces of carbon monoxide 

19. LMA Surfaces: Plots the iso surfaces of local mean age of air 

20. ACE Surfaces: Plots the iso surfaces of local air change effectiveness 

21. PMV Surfaces: Plots the iso surfaces of predicted mean value 

22. PPD Surfaces: Plots the iso surfaces of percentage of people dissatisfied 

23. Comfort: Plots the iso surfaces of comfort parameter 

24. Particle Tracking: Enables the particle tracking view in the model 

25. Cancel AVI: Abort the creation of video 

11.3 Thermal Comfort Calculator 

The thermal comfort calculator is activated by pressing the Thermal Comfort button on the MicroFlo Viewer Toolbar as 

noted in the previous section. 

 
Figure 11-3: Comfort Conditions 
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The various options are:  

1. Activity Level: This is the type of activity the occupants of the room are expected to be carrying out. The various 

option are: 

 
Figure 11-4: Options for activity level 

Each option will set the appropriate activity level within the room. Using the ‘Custom’ option will allow the user to 

directly input the number. 

 

2. Clothing Index: This is the type of clothing that the occupants in the room are generally expected to be attired in. 

The various options are: 

 
Figure 11-5: Options for clothing index 

As before, some combinations are available as presets while any particular values can be entered by choosing the 

‘Custom’ option. 

 

3. Relative humidity: You have an option between user defined and program calculated. The program calculated 

option is used when the inputs related to water vapour have been specified in the simulation setup (boundary 

conditions and sources). In this case the relative humidity is calculated at each grid cell based on local values of 

temperature and moisture content. In case inputs are not provided, a global value can be applied to all cells by 

choosing the user-defined option. 

 

4. Mean Radiant Temperature:  The user can either choose to calculate the mean radiant temperature as the area 

weighted average of surface temperature or calculate it at each cell based on numerical integration. 

 

After you click OK, the necessary parameters will be calculated. 

 
Figure 11-6: Comfort Condition - calculating  
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Notes: 

1. These results are very relative to the input and can produce different results for any variation for same set of results 

of the MicroFlo simulations 

2. The results of these calculations are only stored temporarily until the MicroFlo Viewer remains open. Closing the 

viewer will erase the results and will have to be recalculated when the MicroFlo viewer is opened again.  

3. These calculations are not available for isothermal simulation.  

11.4 Slices 

Following steps are to be followed to display contours on slices: 

1. Select the appropriate key for the variable you want to display from the list of the keys. 

 
Figure 11-7: Select the key 

 

2. Select the corresponding contour from the list of contours. There are two types of contours available – line contours 

and filled contours. These can be combined by selecting both simultaneously. 
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Figure 11-8: Select the type of contour 

 

3. Final step is to click on one of the planes in the list of planes. You can scroll through these by simply clicking through 

the list in either of the X, Y or Z grid planes. To keep one or more planes on continuously in view, you can click the 

button in front of the plane. Following figures show various options for display 

 
Figure 11-9: Line contours 
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Figure 11-10: Filled contours 

 

 
Figure 11-11: Line + filled contours 
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Figure 11-12: Multiple slices in display 

4. To change the scale of the colours, go to Display Settings and select the appropriate tab. On that tab select ‘Set 

Range’ to change the scale of results. Click apply after you are done. The results will change the way they are 

displayed. The default scale goes from the lowest to the highest recorded value of that variable. 

 
Figure 11-13: Set new range  



MicroFlo Viewer 
 

74 

 
Figure 11-14: Results with change in scale 

5. To clear the slices from display, click on ‘Remove All Slices’ button on the toolbar. This will deselect all slices in the 

list reset the view to the first slice in the list currently highlighted. 
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11.5 Velocity Vectors 

Velocity vectors can also be displayed for velocity. These are basically arrows at the cell centres of the plane being 

displayed with the arrows pointing in direction of the velocity vector at that cell centre. To display the velocity vectors, 

follow similar procedure to above. Only changes are to select ‘Velocity Key’ and the ‘Velocity vector’ options 

 
Figure 11-15: Velocity vectors 

The display of velocity vectors can be changed through the ‘Velocity Vectors’ tab in the display settings. 

 
Figure 11-16: Velocity Vectors: Slice Display Settings  
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11.6 Iso-surfaces 

Iso-surfaces are three dimensional contours of the variable selected. They are plotted for the entire domain based on 

the range of the variable as set in the display settings. To plot the iso-surface, simply select the appropriate key in the 

list and click on the required button the toolbar. 

 
Figure 11-17: Iso-surfaces 

11.7 Particle Tracking 

Particle tracking allows the user to visualise the path a particle would take beginning from a certain initial position. This 

initial position is called as a seed point. The initial settings for particle tracking are available in the ‘Particle Tracking’ tab 

of the ‘Display Settings’. 

 
Figure 11-18: Particle Tracking Settings  
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1. Maximum Path length (m): maximum length of the path of the particle movement that you want displayed. 

2. Animation marker length (m): When animation is turned on, the path is animated in form of a dash that moves 

along the curve. This property controls the length of this animation marker. 

3. Path Colour: User has an option to colour it by velocity or temperature 

4. Anti-alias particle paths: Use advanced GPU capabilities for display of the path 

5. Seed Point coordinates: Enter the coordinates of the points you want the particle paths to begin from. The points 

have to lie inside the domain.  

6. Particle tracking animation: The user can turn the animation On/Off. After it has been turned ON, the user can use 

the slider the increase or decrease the speed of animation. 

 
Figure 11-19: Particle tracks 

 

 
Figure 11-20: Animated particle tracks 
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11.8 Saving results 

The results of the simulations can be saved in two ways. 

11.8.1 Images 

Make sure you have setup the scene as needed. There are three ways you save the results as images 

1. Capture a screenshot of the model window. 

2. Save it as a bitmap image by clicking on ‘Save’ on the toolbar. 

3. Copy the current scene as an image to the clipboard by clicking on ‘Copy to Clipboard’ button on the toolbar. You 

can then paste the image into the software of your choice for further saving/editing. 

 

11.8.2 Videos 

You can also create a video of the results. To start creating a video pressure the ‘Create AVI’ button on the toolbar. 

Following that there are three types of videos you can produce: 

11.8.2.1 Slice 

In this type of video, the viewer will record a video by displaying each slice in certain direction. Each frame of the video 

corresponds to one slice. Before you can do this, ensure that at least one contour type has been selected to display. 

 
Figure 11-21: Create Movie: Slice 

 

Then select the direction you want to traverse through. 

 
Figure 11-22: Slice: Select direction 

 

Clicking OK will capture each slice as an image in the memory and will bring up the IES Movie Maker dialog box. 

 
Figure 11-23: IES Movie Maker 

 

We will see more about this after we have looked at different video types.  
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11.8.2.2 Orbit 

In this mode, the contents of the scene are fixed and camera is rotated 360o. A frame of video is captured for the noted 

interval between frames. 

 
Figure 11-24: Create Movie: Orbit 

 

11.8.2.3 Timed 

In this mode, the user’s action are recorded for a fixed amount of time. 

 
Figure 11-25: Create Movie: Timed 

 

11.8.2.4 IES Movie Maker 

 
Figure 11-26: IES Movie Maker 

1. Movie Name: Click on this button to change the location where the file is saved as well as name of the file 

2. Frame per second: This sets the frame rate 

3. Extra Frames: You can add extra frames at the beginning of the file as a title card. This has to be a .BMP file 

4. Settings: This contains options to change the various video compression techniques available for creating the 

videos. 

 
Figure 11-27: Video Compression 

5. Make the video: Save the video. 
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12 Troubleshooting 

12.1 Typical Standard Approach to check for results 

 •Put an initial course mesh ~ 0.1 –0.2 grid size everywhere 

 •Use constant viscosity method 

 •Run for 10 iterations check the flows and all heat sources 

 •Run for a further 100 iterations check the solution for areas where lots of things are happening and refine 

mesh if necessary 

 •Change turbulence model to k-ε method 

 •Refine mesh by increasing local mesh density and overall density by ~ 10 -20% 

 •Refine mesh until solution is independent of mesh (given available time) 

 •Use a grid of 3*3*3 cell monitors to check independence 

 •If cell monitors are levelling out and the convergence is flattening use either relaxation or false time steps to 

speed up convergence 

12.2 Judging the completion of simulations 
The two main ways of judging whether the run has completed are as follows: 

1. Check the residual history printed on screen. The sum of the normalized absolute residuals should diminish steadily. 

 

2. Check the monitoring cell location for the dependent variables at the user set location within the fluid domain. 

These should stabilise to the converged solution. 

 

It is very important that checks are made during the initial stages of the analysis to monitor progress of the solution run. 

In cases of solution divergence, the run should be terminated and appropriate adjustments made to the relevant control 

parameters such as relaxation factors, false time steps etc. 

 

Neglecting this can result in lost time and unproductive simulations. Note, however, that increases in residuals and 

oscillations in the computed variables during the early stages of a run are not uncommon and should disappear after a 

few iterations. The run should therefore be given sufficient time to stabilise before any judgement is made on its 

progress. 
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12.3 Difficulty in achieving convergence 
Some common issues are: 

Problem Cause Remedy 

Residuals continuously increasing False time steps set too high 
Reduce false time steps for 

velocities and possibly temperature 

Residuals fail to reduce 

Oscillating flow pattern Reduce false time steps for velocity 

Unrealistic initial values Check initial values under Settings 

Internal heat source without sink, 

e.g. radiator in room with adiabatic 

surfaces 

Check that the problem is realistic. 

Set cell monitor points and check 

for continuously 

increasing/decreasing values, 

which would indicate imbalance 

Erratic convergence 
Unstable flows, e.g. strong jets or 

buoyancy driven plumes 

Reduce false time steps for 

velocity. 

Mass residual reduces very slowly Various causes 
Increase number of inner iterations 

for pressure 

Residuals all reducing steadily but 

very slowly 
False time step set too low Increase false time steps 

 

If the MicroFlo solver experiences numerical difficulties during the calculation run the following items should be 

checked and may need to be changed or altered: 

 Physical model shape 

 Boundary Conditions 

 Make use of sensible initial values 

 Quality of the grid 

 Solver parameters 
 

 



 

 

 


