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Abstract 

The purpose of this thesis is to simulate and analyze the airflow at Husqvarna’s long time testing. The 

test lab is starting to be outdated and there are problems high temperatures. The ambition is to come 

up with new ideas for new boxes or cells in which the chainsaw is placed during the tests. For the 

simulations, the open source software OpenFOAM is used. For pre- and postprocessing ANSA and Meta 

Post is used. Results are mainly focused to see how different geometries affect the flow field, and which 

changes makes the biggest impacts towards a better solution in the future. Simulations show hot air 

recirculating in the box, which is the main source for rising temperatures. Some suggestions for new 

solutions where the flow field seem to have improved have been made. The new designs have mainly 

focused on placement of in- and outlet, however some investigations with the size have been made. 

Results show improvements over the old box but it’s recommended that more tests are made before 

a definitive solution is determined. 

 

 

 

 

 

  



 

 

 

Sammanfattning 

Syftet med det här examensarbetet är att simulera och analysera luftflöden vid Husqvarnas 

långtidsprovning. Testlabbet börjar bli utdaterat och det finns problem med höga temperaturer som 

man önskar att åtgärda vid en ombyggnation. Ambitionen är att ta fram ideer på nya celler eller boxar 

där motorsågen är placerad under provning. För simulering används programmet OpenFOAM och för 

pre- och postprocessing används ANSA samt MetaPost. Resultaten fokuserad först och främst på hur 

olika geometrier påverkar luftflödet och vilka förändringar som gör störst skillnad mot en bättre lösning. 

Simuleringar visar att varm luft recirkulerar inne i boxarna. Detta visar sig främst bero på boxens storlek 

och placering utav ventilationsanslutningar. Några förslag på lösningar där flödet ser ut att förbättras 

har tagits fram. Fokus har främst legat på placering av in och utblås men även storleken på boxen har 

undersökts. Det rekommenderas dock att göra ordentliga tester av ny box innan beslut för slutgiltig 

variant tas. 
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1 Introduction 

1.1 Husqvarna AB 

Husqvarna has a long industrial heritage and have been producing a variety of products since the start 

in 1689. They started off as a factory making weapon for the Swedish army. In the 19th century they 

began producing stoves and sewing machines. Later they began the production of bicycles and 

motorcycles. Husqvarna is probably most known for their chainsaws, but it was not until the 1950s that 

their first chainsaw left the factory. 

Today Husqvarna is a concern with many different brands in their portfolio, such as Gardena, Jonsered, 

Flymo and other brands mainly focusing on products for gardening, foresting and construction [1]. 

 

1.2 Background 

Husqvarna AB has a department where they test chainsaws and other handheld products. The testing 

is a type of tests where the products are tested for a long period of time. The products are tested in 

some different cycles to simulate how the chainsaw are run in the field. The testing is taking place in 

an enclosure called a cell or box. The products need to be in an enclosed space as there are demands 

to collect the exhausts and to keep the oil mist from the chain lubrication contained.  

The air comes into a room with several boxes and each box has two outlets, one outlet for the exhausts 

and one to ventilate hot air. Today, these boxes do not work very well when the more powerful 

products are tested. The main problem is mainly high temperatures, sometimes so high that the tests 

cannot continue. Husqvarna has two different sizes of boxes for testing. The bigger one works better 

than the small but it still does not work very well. 

When the test lab was built in 1999 there was little to no consideration to fluid dynamics. It was more 

important to have an enclosure in where the chainsaw would fit and make it small. Husqvarna is 

supposed to rebuild their testing facility in the near future and this time they want to make sure that 

it functions is as good as possible. 

 

1.3 Purpose 

The purpose of this master thesis is to make CFD analyses of the airflow in the present box. As a second 

step, designs for a new box will be simulated and results will be compared with the original box. In this 

thesis, only the small box will be an abject for simulation. The box will initially be tested with two 

different chainsaw models to see how different models affect the flow. The tested products are in the 

upper range regarding size and power. Since this is some of the more powerful products, they are also 

the ones that generate the most heat. 
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2 Theory 

2.1 Fluid Dynamics 

Fluid dynamics is the study of fluids and gases in motion. The science of fluid dynamics is used in many 

types of engineering applications such aeronautics, aerodynamics and weather prediction. The 

fundamental physics for fluid flow is based on three laws of physics [2]. 

 

These laws are the following: 

● Conservations of mass 

● Momentum (F=ma) 

● Conservation of energy 

 

2.2 Navier-Stokes 

The Navier-Stokes equations are a collection of equations that includes the equations for mass 

conservation, momentum and energy. Because of the nonlinearity of these equations they are very 

difficult to solve analytically, and can only be solved during certain circumstances unless numerical 

methods are used. 

 

2.3 Mass conservation 

One of the most fundamental rules of physics is that matter cannot be created nor destroyed. This can 

be interpreted as the rate of change of mass flow in a control volume is equal to the mass flow flux 

crossing the volumes surface. In a Cartesian coordinate system, this can be described according to 

equation (1) [2]. 

𝜕𝜌

𝜕𝑡
+

𝜕(𝜌𝑢𝑥)

𝜕𝑥
+

𝜕(𝜌𝑢𝑦)

𝜕𝑦
+

𝜕(𝜌𝑢𝑧)

𝜕𝑧
= 0    (1) 
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2.4 Momentum equation 

The momentum equation used in CFD is Newton's second law applied to a volume element. It states 

that the sum of acting forces on the fluid element equals the elements mass multiplied with its 

acceleration. 

The following equations shows the momentum equation in the x (2), y (3) and z (4) directions 

respectively [2]. 

𝜌
𝐷𝑢𝑥

𝐷𝑡
=

𝜕𝜎𝑥𝑥

𝜕𝑥
+

𝜕𝜏𝑦𝑥

𝜕𝑦
+

𝜕𝜏𝑧𝑥

𝜕𝑧
+ ∑ 𝐹𝑥

𝑏𝑜𝑑𝑦 𝑓𝑜𝑟𝑐𝑒𝑠
   (2) 

𝜌
𝐷𝑢𝑦

𝐷𝑡
=

𝜕𝜏𝑥𝑦

𝜕𝑥
+

𝜕𝜎𝑦𝑦

𝜕𝑦
+

𝜕𝜏𝑧𝑦

𝜕𝑧
+ ∑ 𝐹𝑦

𝑏𝑜𝑑𝑦 𝑓𝑜𝑟𝑐𝑒𝑠
   (3) 

𝜌
𝐷𝑢𝑦

𝐷𝑡
=

𝜕𝜏𝑥𝑧

𝜕𝑥
+

𝜕𝜏𝑦𝑧

𝜕𝑦
+

𝜕𝜎𝑧𝑧

𝜕𝑧
+ ∑ 𝐹𝑧

𝑏𝑜𝑑𝑦 𝑓𝑜𝑟𝑐𝑒𝑠
   (4) 

 

2.5 Energy equation 

The conservation of energy is derived from the first law of thermodynamics which states that the 

rate of change of energy is equal to the sum of rate of added heat and the rate of work done [2].  

 

𝜌
𝐷𝐸

𝐷𝑡
=

𝜕𝑢𝑥𝜎𝑥𝑥

𝜕𝑥
+

𝜕𝑢𝑦𝜎𝑦𝑦

𝜕𝑦
+

𝜕𝑢𝑧𝜎𝑧𝑧

𝜕𝑧
  

+
𝜕𝑢𝑥𝜏𝑦𝑥

𝜕𝑦
+

𝜕𝑢𝑥𝜏𝑧𝑥

𝜕𝑧
+

𝜕𝑢𝑦𝜏𝑥𝑦

𝜕𝑥
+

𝜕𝑢𝑦𝜏𝑧𝑦

𝜕𝑧
+

𝜕𝑢𝑧𝜏𝑥𝑧

𝜕𝑥
+

𝜕𝑢𝑧𝜏𝑦𝑧

𝜕𝑦
             (5) 

                                                              −
𝜕𝑞𝑥

𝜕𝑥
−

𝜕𝑞𝑦

𝜕𝑦
−

𝜕𝑞𝑧

𝜕𝑧
  

 

With a constitutive relation that connects the pressure with density a closed system of equations can 

be obtained. Such a relation is the ideal gas law. 

𝑝 = 𝜌𝑅𝑇      (6) 

 

In many cases these equations can be simplified, such as for incompressible flow where all density 

derivatives are equal to zero. The continuity-, momentum- and energy equation has no link between 

them. So, when Isothermal conditions are considered the energy equation does not have to be solved. 

These simplifications make up a less complex system of equation to be solved.  
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2.6 Turbulent Flow 

Most fluid flows are containing swirls and circulations and are considered turbulent. Turbulent 

characteristics are often preferable in many industrial applications. It is especially important in cases 

where heat transfer and mixing of fluids are of interest. 

To make direct calculations of turbulent properties is very difficult and due to the random 

characteristics of turbulence it is common to describe it in an averaged manner. The turbulence is 

instead described with turbulence models. There are several types of turbulence models and the most 

commonly used are different types of Reynolds-Averaged Navier-Stokes (RANS). There are other types 

such as Large Eddy Simulation (LES). LES offer a higher amount of accuracy but requires significantly 

more computational power [3]. 

 

2.7 RANS-models 

Reynolds Averaged Navier-Stokes or RANS are the most common way to model turbulence in CFD. In 

turbulent flows the velocity is fluctuating, the velocity can be decomposed into a mean part, �̅�, and a 

fluctuating part , �́� [2]. 

𝑢 = �̅� + 𝑢′      (7) 

This is made for all the flow properties with mean values such as �̅�𝑥, �̅�𝑦 , �̅�𝑧, �̅�, �̅�, 𝑒𝑡𝑐  and their 

corresponding fluctuating property 𝑢𝑥
′ , 𝑢𝑦

′ , 𝑢𝑧
′ , 𝑝′, 𝑇′, 𝑒𝑡𝑐. 

 There are many different variants such as one equation models and two equations models. Of the two 

equation model variants of the k-w and k-e models are among the most used. The models solve 

transport equations for the turbulent kinetic energy (𝑘) , and turbulent dissipation (𝜀) or specific 

dissipation (𝜔). RANS-models can be divided into four different groups of different types. 

 

● Algebraic models 

● One equation models 

● Two equation models 

● Reynolds stress models 
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2.8 k-omega model 

In this master thesis, the k-omega SST model which is a two-equation model will be used. Menter 

developed the k-omega SST (shear stress transport) model to improve the weaknesses of the existing 

k-omega model. The k-w SST model combines characteristics from Wilcox k-omega model and the k-

epsilon model. The k-omega model is used close to the wall and the k-epsilon is used further from the 

wall where the k-omega model does not work as well as the k-epsilon model. Because of its simplicity 

the k-omega model has benefits over other models, especially when considering numerical stability [4]. 

As many other turbulence models the k-omega SST (shear stress transport) model was originally 

developed for aeronautical calculations. Since then it has found its way to other industrial applications 

and is today a commonly used two-equation model.  

To calculate reasonable boundary values at the inlet for the turbulent kinetic energy and the specific 

dissipation the following equations are used. In these equations 𝑈 is the mean velocity at the inlet, 𝐼 

is the turbulence intensity. 𝜇  is the dynamic viscosity and  
𝜇𝑡

𝜇
 is the turbulent viscosity ratio. The 

turbulent viscosity is usually selected as 1 ≤
𝜇𝑡

𝜇
≤ 10 at inflow boundaries [5].  

 

𝑘 =
3

2
(𝑈𝐼)2      (8) 

  𝜔 = 𝜌
𝑘

𝜇
(

𝜇𝑡

𝜇
)

−1
       (9) 

 

The turbulence Intensity is a bit arbitrary and is difficult to come up with an exact number. The 

turbulence intensity is usually somewhere between 1% and 10% where turbulence intensity below 1% 

is considered low intensity and above 10% is considered high [6]. 

 

 

2.9 Boundary Layers 

Close to the surface boundary layers are created. The boundary layer is a thin laminar or turbulent 

layer close to the wall where the flow behaves differently compared to the rest of the fluid domain. 

The fluid next to an object sticks to the surface and has zero velocity. This makes a thin layer where 

the velocity is zero at the wall and equal to the freestream velocity at the edge of the layer. This is 

called a boundary layer. When the fluid first hits a wall this boundary layer is laminar. Further 

downstream the flow suddenly changes from laminar to turbulent. This is the transitional region. Even 

further downstream the flow is completely turbulent filled with turbulent behavior.  
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Figure 2-1: figure showing a boundary layer 

 

The boundary layer is composed of three regions. Closest to the surface is the viscous sublayer. This 

region is dominated by viscous diffusion hence the name viscous sublayer. Further away from the 

surface is the logarithmic region where turbulent diffusion due to inertia dominates. These two regions 

are connected via a buffer region where viscous shear stresses are gradually replaced by turbulent 

shear stresses. To model boundary layers the mesh has to be very fine close to the wall to completely 

resolve the boundary layer. This requires a high amount of computational power. In industrial cases, it 

is common to use wall functions to simulate the viscous and buffer region. This requires a significantly 

less refined mesh close to the wall. 

 

2.10 Wall functions 

Wall functions are used to model the viscous and buffer region of the boundary layer. Compared to 

resolve the boundary layer, the mesh used with wall functions can be coarser next to the wall and 

therefore save computational power. 

To know where in the boundary layer the first cell node lays a non-dimensional number 𝑦+ is used. 

The 𝑦+-value is a dimensionless value that describes the coarseness of the mesh next to the wall in 

relation to the flow properties. This value is calculated with equation 10 where 𝑦 is the height of the 

cell closest to the wall, 𝜏𝑤 is the wall shear stress, 𝜌 is the density and 𝜐 is the kinematic viscosity of 

the fluid. 

𝑦+ =
𝑦√

𝜏𝑤
𝜌

𝜐
      (10) 

The 𝑦+ value needed varies with different turbulencemodels and type of wall function. Some 

turbulence model can handle all values of 𝑦+ whereas some need the value to be in a certain range to 

work in a proper manner.  
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2.11 Discretization 

There are three main types of discretization methods used for numerical calculations. Finite difference 

method, FDM, finite element method, FEM, and finite Volume method, FVM. The Finite volume is the 

most commonly used for CFD applications and is the type of method OpenFOAM uses. FDM is generally 

more accurate than FVM, but is only practical to use with structured meshes. For more complex 

geometries where an unstructured mesh is used it is not convenient to use and most commercial 

software’s uses the FVM method. 

With the finite volume method used, the physical domain is divided into small control volumes called 

cells. The result is called a discretized equation. The next step is to integrate the differential form of 

the governing equations over each control volume. The variable of interest is calculated at the cell 

centers. Interpolation schemes are used to describe the variable of interest at the surface of any given 

cell.  The finite-volume method has its advantage over the finite difference method. It can be used for 

both structured and unstructured grids. [2]  

 

2.12 Solver algorithms 

To solve numerical problems, an algorithm has to be used. There are many types of algorithms. For 

steady state calculations, there is the SIMPLE-algorithm. SIMPLE stands for Semi-Implicit Method for 

Pressure Linked Equations and is used in many different types of CFD-software. There are other types 

for transient calculations such as PISO and PIMPLE. Since steady state is considered in this thesis only 

the SIMPLE-algorithm will be explained. 

The SIMPLE algorithm is a widely used iterative procedure to solve fluid problems.  The SIMPLE scheme 

begins with a guessed pressure field as well as values of the rest of the parameters to be solved. These 

guessed values are then used to solve the momentum equations in the x, y and z direction. The 

newfound values for the velocity are used to solve the pressure correction equation.  In the next step 

the pressure field and the velocity field is corrected. The corrected values are then used to solve all the 

other equations such as turbulence equations and energy equations etc. When all the quantities are 

known, it is time to check for residuals. If the residuals are small enough the solution has converged. If 

not, the algorithm starts over with the calculated quantities as a new guess [2].  
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Figure 2-2: diagram showing the steps of the SIMPLE-algorithm. 

 

2.13 Meshing and mesh quality 

Meshing is one of the most important aspects concerning CFD. With a bad mesh, it will be difficult to 

get a correct solution or even a solution at all. There are many criteria to define the quality of the mesh. 

The highest quality mesh is made out of hexahedral cells. This is applicable to simple geometries. 

However, with more complex geometries that are often used in industrial applications a structured 

mesh would be very difficult to generate. So, for industrial applications it is more common to use an 

unstructured mesh such as tetrahedral or polyhedral. 
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Figure 2-3: structured mesh 

 

Figure 2-4: unstructured mesh 

OpenFOAM has a built-in function to review the quality of the mesh. The checkMesh utility checks 

several quality points such as aspect ratio, non-orthogonality and skewness. It also puts out statistics 

for the mesh containing information about number of cells, faces and which type of cells the mesh is 

built up. 

 

2.13.1 Aspect Ratio 

Aspect ratio is the ratio between of the longest edge to the shortest edge of a cell. For flow in multi 

dimensions an aspect ratio of 1 is optimal. For a fully developed and one-dimensional flow with a 

quad/hex mesh the cells can be stretched along the direction of the flow to save computational time. 
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Figure 2-5: Cell aspect ratio 

 

2.13.2 Non-orthogonality 

Non-orthogonality is the angle between a vector connecting the cell centers of two neighboring cells 

and the face vector of the connecting faces. In fully orthogonal meshes with quad/hex cells this value 

is zero. In more complex geometries using quadrahedral cells this value is goes often up to 50 or 70 

degrees. For values over 70° the non-orthogonality is considered severe and may lead to inaccurate 

solution and/or increased computational time. 

 

2.13.3 Skewness 

Skewness is the distance between a line connecting two cell centers and the center om their 

common face. 

2.14 Convergence and Stability 

Convergence is when the numerical solution is approaching the real solution of the partial differential 

equations.  A simulation is often considered converged when the residuals are below a certain 

tolerance. This may however not be a correct solution as the residuals can still be small but the 

solved variables are still changing or are unphysical. 

In order to obtain a stable solution, it may be necessary to use under-relaxation factors for the 

variables. This means that the new value used in the next iteration is a combination of the old and 

the new value. The equation below describes the principle of relaxation. 𝛼 is the factor used for 

relaxation. Values between 0 and 1 are under relaxation, usually somewhere between 0.3 and 0.9. It 

is also possible to use values above 1 to speed up the solution but at the risk of increasing instabilities 

in the simulation [2]. 

 

𝜙𝑃
𝑁𝑒𝑤 = 𝜙𝑃

𝑂𝑙𝑑 + 𝛼(𝜙𝑝
𝑁𝑒𝑤 − 𝜙𝑝

𝑂𝑙𝑑)    (11) 
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3 Software 

3.1 Pre- and post processing 

Pre- and postprocessing are done with Ansa and MetaPost from the software company Beta CAE. Ansa 

has tools for the entire geometry clean up and meshing needed. Simple geometries are easily made 

with the software as well as clean up and meshing. It is also possible to export files to several CFD 

programs. It is possible to set up all the solver settings and boundary conditions in Ansa before 

exporting to a format compatible with OpenFOAM. OpenFOAM has tools for meshing but since it lacks 

a graphical interface it is not very easy to use except for simple geometries.  

 

3.2 CFD-solver 

In this master thesis OpenFOAM is used as software of choice for simulation and calculation. 

OpenFOAM is a very capable open source application. Open source has both its benefits and 

disadvantages. The software is free to use and modify but lacks the support and ease of use that 

commercial software’s have. 

OpenFOAM contains many different solvers for different types of physics and it is up to the user to find 

a solver suiting the problem to be solved. Since its open source it is possible to make changes to existing 

solvers but for most cases one of the included solvers will be what is needed to solve the problem.  

 

3.3 OpenFOAM file structure 

In contrast to commercial software’s OpenFOAM lacks a graphical interface and is entirely text based 

and a case is built up by a collection of folders and text files which makes it a bit difficult to grasp at 

first [8]. 
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Figure 3-1: OpenFOAM folders and files 

 

 

3.3.1 System 

The system dictionary contains files associated with solver and solution setting. It is also here that files 

for special options such as decomposing for parallel processing is placed. The three files needed to run 

the case are the following. 

 controlDict contains settings for start/end time, time step, Courant number, data writing 

intervals. 

 fvSchemes contains settings for the various numerical schemes used in the simulation. 

 fvSolution contains settings for equations solvers, tolerances, solution algorithms and 

relaxation factors. 
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3.3.2 Constant 

The constant dictionary contains files defining physical properties and geometry of the case.  

 thermoPhysicalPropertiens contains settings for the thermoPhysical model used and specifies 

physical properties. 

 tubulenceProperties contains setting for which type of turbulence modeling is used, for 

example LES or RANS. 

If a RANS type of turbulence model is used, a file called RASProperties specifies which RANS model is 

used. 

 polyMesh is a subdirectory containing a collection of files which makes the geometry. The 

directory contains files which define all the points, faces, boundaries and cell zones used in the 

mesh. 

 

3.3.3 Time directories 

A time directory named 0 contains files with initial values and boundary conditions for the fields of 

interest. OpenFOAM makes new time directories during the simulation according to the data write 

interval specified in controlDict. These new time directories contain the result of the calculated field 

values at that time step. When the simulations have ended, there will be several time directories which 

then can be post processed with a post processing software, for example paraView or metaPost. 

 

 

4 Method 

4.1 Problem Delimitations 

Even though the biggest issue may be the design and size of the box itself there are other circumstances 

that are not considered in this thesis. One issue is the catalytic converters that today are placed directly 

on top of the boxes. There is some serious heat generated in the catalytic converters. There are three 

boxes with the associated catalytic converters in each room and this is believed to be a major 

contributor to heating up the surrounding air.  

4.2 Geometry 

The modeled geometry is made of the box where the testing is carried out. The box has two inlets at 

the top, one in each corner at the front. There is an outlet for exhausts and an outlet for ventilation. 

Inside the box are some brackets to mount the chainsaw. There is also a hose that connects to the 

muffler to collect the exhausts. Compared to the picture below, the incoming air does not go straight 
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into the box. Instead the air is going from the ventilation into the room where three boxes share the 

incoming air. 

 

 

Figure 4-1: schematics of the test box 

 

4.3 Pre-Processing 

To make a simulation some preparations has to be made. This is where simplifications to the geometry 

are made as well as the setup of boundaries and physical properties. 

 

4.4 Geometry clean-up and surface meshing  

The first step is to clean up the chainsaw CAD-model from unnecessary features to make a model that 

is not too complex but where the most important features still remains. Features such as pipes, cables 

and other internal features are removed. Other features assumed not to have great impact the fluid 

flow are removed as well. Large openings are closed and the wrapping tool is used to ensure a 

watertight model.  

 

4.4.1 The wrapping tool 

In models with thousands of faces it may be very difficult to make sure that all edges and faces are 

topologically connected in the right manner. I may be difficult to remove all the interior and 

unnecessary geometry as well. The wrapping tool is a tool that makes it easy to prepare watertight 

models of complex geometries. With a few settings, it closes all small gaps and holes in the model. The 

wrapping tool makes a shell of the outer surface and makes a complete surface mesh. 
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Figure 4-2: wrapped chainsaw 

 

 

 

 

Figure 4-3: surface mesh at the starter 
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4.4.2 Flywheel 

To simulate the airflow through the chainsaw in an appropriate way the flywheel has to rotate. There 

are several ways to utilize rotating or moving mesh in OpenFOAM. In this case the multiple reference 

frame, MRF, method is used. To specify the rotating zone the rotating object has to be enclosed to 

make a cell zone that is rotating. 

 

 

Figure 4-4: flywheel enclosed with a cylinder 

 

 

 

4.4.3 The box 

The box itself is a rather simple geometry built up from a rectangular box containing some pipes for 

ventilation and geometry to mount the chainsaw in the box. The inlets are connected to a volume, 

simulating the surrounding air, to make the incoming air behave in a more realistic way. 

 

The box is somewhat simplified. The real box has a lot of small bits and pieces. There are cables for 

various temperature probes that are removed in the model. There is also a throttle control device that 

is not used in the model. These components are not believed to affect the fluid flow in the box.  
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Figure 4-5: complete geometry 

 

4.5 Volume mesh 

The model is now ready for volume meshing. The volume mesh is composed of two volumes, one with 

the rotating zone and another containing the rest of the volume. Ansa offers the possibility to use 

several different types of mesh such as hexahedral mesh and different kinds of tetrahedral mesh. In 

this case a tetra mesh called tetra rapid is used. Tetra rapid offers a fast meshing process and makes a 

mesh that works well for most cases. 
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Figure 4-6: The two zones of volume mesh 

 

 

Figure 4-7: surface- and volume mesh 
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Figure 4-8: surface- and volume mesh 

 

Figure 4-9: close up at flywheel region 
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4.6 Export to OpenFOAM 

When all the patches are set and the mesh is generated the case needs to be in a format that 

OpenFOAM can read. With Ansa, there is possible to output the complete OpenFOAM case with all 

files needed to run a simulation. For cases where only the geometry is changed it's convenient to just 

make a new mesh and the reuse all the files with boundary conditions and solver setups from other 

cases. 

 

4.7 Solver Setup 

The first step is to find out which solver is the most appropriate. OpenFOAM has a wide collection of 

solvers for different kinds of physics and even economics. In this thesis, only steady state is considered. 

For steady state the flow is assumed not to be dependent of time. The hot exhaust and high 

temperature at the cylinder and muffler will lead to density changes and therefore make the simulation 

compressible. A solver suitable for this kind of physics is the rhoSimpleFoam solver. 

The flow is driven by ventilation that draws the air out of the box. It would be convenient to specify a 

volume flow at the outlet. But this has proved to be difficult and the solution will not become stable. 

Therefore, a mass flow is specified at the inlet with pressures at the outlets controlling the flow ratio 

between the outlets. This may not be the most realistic way but it is still believed to capture the 

important features of the flow. 

 

4.7.1 Initial simulations 

Before the simulations was conducted on the full geometry some test simulations were made on a 

mesh containing a simpler geometry. In these tests, only the box with inlets and outlets and a zone for 

the rotating flywheel was used. The chainsaw itself was left outside these early tests as it is 

computationally heavy. The purpose of these early tests was to find out which boundary conditions 

work best and how different boundary conditions affect stability. Another purpose is to make sure that 

the rotating region is working properly.  

 

4.7.2 Boundary conditions 

All the known values such as temperatures and flow for the fans have to be converted into boundary 

conditions that is applicable to solve all the equations involved in the mathematical model. The inlets 

are assigned mass flow rate boundary conditions. The outlets are set as pressure outlets. To get the 

right flow rate ratios across the outlets the pressures at the outlets are adjusted after an initial run.  
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4.7.3 Ramping boundary conditions 

Both the inlet and muffler exhaust mass flow rate are ramped over the first 250 iterations. After the 

250 first iterations, the mass flow rate has reached full flow and is kept constant for the remainder of 

the simulation. The rotation of the MRF-zone is ramped as well. The flywheel rotational velocity of the 

chainsaws used in this thesis ranges from 9600rpm to 9900rpm for maximum power. The high rotation 

speed makes it difficult to start the simulation with full speed, therefore the angular velocity is ramped 

as well.  

 

4.7.4 Rotating zone 

The rotating flywheel can be modeled in several ways. In this case, it is modeled with a multiple 

reference frame (MRF) approach which means that the flywheel is stationary and a region contains the 

fluid volume surrounding the flywheel is rotating. With the MRF approach a Coriolis term is added to 

the transport equation which makes it possible to simulate rotation without really rotating the mesh. 

For transient cases, it is possible to use a dynamic mesh where the mesh is actually rotating, however 

this requires more computational power and for steady state MRF will work fine. 

In OpenFOAM version 2.3.0 the MRF zone is defined in a file called fvOptions. The fvOptions file 

contains information of which cell zone that is supposed to be rotating and at which angular velocity 

[9].  

 

4.7.5 fvSchemes 

First order divergence schemes are used for most fields in this case. First order schemes offer better 

stability but the accuracy is not as good as with higher order schemes. For this case accuracy is not of 

great importance and first order schemes are believed to be sufficient. 

For gradient schemes limiters are used. Limiters enhance stability but sacrifices accuracy. In 

OpenFOAM there are two kinds of limiters, Cell limiters and Face limiters. Cell limiters limit the gradient 

connecting two adjacent cell centers. Face limiters limit the gradient at the cell face itself. The limiters 

are set with value ranging from 0 to 1 where 1 is full limit and 0 is no limit. Limiters introduce dissipation 

and lowering the limitation reduces dissipation but increases the risk of instability [10]. 
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4.7.6 fvSolutions 

In fvSolutions the solver for the different equations are specified. It is also in this file that the 

convergence criteria and under-relaxation factors are specified. Both the convergence criteria and 

under-relaxation factors can be specified for a particular field by specifying the name of the field and 

the chosen convergence criteria or under-relaxation factor. Under-relaxation factors are important to 

obtain a stable solution. The under-relaxation controls how much the solution is changing from 

iteration to iteration. The under-relaxation ranges from 1 to 0, where 1 indicates no under-relaxation 

at all. A low value leads to slower convergence but at the same time, it leads to increased stability. The 

Under-relaxation factors has to be tested to find a value that gives a reasonable compromise between 

stability and convergence. 

For mesh that is non-orthogonal it is possible to use correctors to add stability. The non-orthogonal 

corrector works by doing the pressure loop an extra time if 1 corrector is used two extra times for 2 

correctors etc. 
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5 Results 

5.1 The original box 

The main problem with the test box is that the temperature rises to untenable temperatures. Since the 

box is relatively small and the airflow through the chainsaw is high Husqvarna has suspected that the 

flow going through the chainsaw is reflected at the rear wall. This hot air is believed to recirculate and 

mix with the incoming air which leads to rising temperatures.  

 

Figure 5-1: Streamlines 60cc. Coloured with temperature in Kelvin. 
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Figure 5-2: Streamlines 60cc. Coloured with temperature. 

 

 

Figure 5-3: Streamlines 60cc. Coloured with temperature. 
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Figure 5-4: Streamlines 70cc. Coloured with temperature. 

 

Figure 5-5: Streamlines 70cc. Coloured with temperature. 
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Figure 5-6: Streamlines 70cc. Coloured with temperature. 

 

As suspected there are some issues with circulating airflow. The air that has gone through the starter 

and cooled the cylinder and muffler is supposed to leave the box and not circulate and mix with the 

incoming air. The flow is similar with both products that are tested, which is expected as the chainsaws 

are of similar design. The chainsaws main cooling system is the flywheel that draws in air through the 

starter and then blows it across the cylinder and muffler. Some of the flow thru the starter goes into 

the carburetor but most of the flow is used for cooling of the muffler and cylinder. The ventilation has 

a capacity that is about four to five times the amount of air that goes through the starter. The 

ventilation is probably powerful enough to handle the heat generated by the chainsaw if it is utilized 

in a more efficient way.  

Most of Husqvarna chainsaws has the air outlet pointing in a similar direction as the chainsaws 

modeled in this thesis. The smaller chainsaws obviously generate less heat than the bigger ones used 

in this thesis. If the box is made to work with bigger and more powerful chainsaw it should work for 

the less powerful as well. 
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6 New box 
 

A number of new boxes will be simulated. Discussion has been made to come up with ideas of what 

will influence the flow in a positive way. The new box design will hopefully solve the issues with 

recirculating flow and make sure that the flow entering the starter is no warmer than necessary. There 

are several possible approaches to solve this issue but this work will be focused mainly towards where 

the outlet is placed and how to prevent the hot air to recirculate and go into the starter a second time.  

Some changes to the inlet will be made as well. Inlets at the top may not be optimal and since hot air 

rises it may be natural to think that it would be good to have the inlet at the bottom and outlet at the 

top, but because of the oil mist this is a convenient solution as it makes sure that most of the oil stays 

inside the box. 

 

6.1 Description and results of new boxes 

 

6.1.1 New Box 1 

Much of the circulation flow is going backwards in relation to the chainsaw. In an attempt to better 

catch the circulating flow, the outlet is moved to the other side of the box.  

 

Figure 6-1: New box 1. 
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Figure 6-2: New box 1. 

Moving the outlet to the other side of the box has some impact on the flow and the air seems to move 

in a way that is more desirable. However, there is still some air that recirculates towards the front of 

the box. In the rest of the tested boxes the outlet will be in a position similar to this. 

 

 

 

6.1.2 New Box 2 

Since the flow is reflected at the back wall it may be a good idea to try a bigger box. In this box the back 

wall is moved further away from the chainsaw. If moved far enough, then the wall should have less 

impact on the flow. However, the chainsaw still needs to be in a box so the wall cannot be moved to 

far too still have a box of reasonable size. 
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Figure 6-3: New box 2 

 

 

Figure 6-4 New box 2 

The results show that there is still recirculation going on. However, the deeper box makes it less 

severe compared to the original box. 

 

6.1.3 New Box 3 

The next step is to put up a wall or screen to try to block the hot air from going back to the front end 

of the box. There are many possible variations of this approach. In this case the wall is about half the 

length of the box and going from the top to just above where the air comes out. 
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Figure 6-5: New box 3. 

 

Figure 6-6: New box 3. 

 

With a screen placed in the box, the hot air from the cylinder does not seem to circulate back towards 

the inlet. Some of the flow is still going back under the screen and some of the flow that is going out 

at the muffler is going towards the front area of the box. 

Wall 
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6.1.4 New Box 4 

Another variation to test is to use a sliced pipe with an opening that is placed in adjunction to the 

chainsaw. The point to this is to collect the warm air before it spreads in the box. The sliced pipe is 

believed to collect the hot air without affecting the chainsaws natural cooling too much. 

 

 

Figure 6-7: New box 4. 
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Figure 6-8: New box 4. 

 

The pipe used in this solution effectively collect the air coming from the cylinder. Though there is some 

warm air spreading in front of the chainsaw instead. 
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6.1.5 New Box 5 

There have been discussions about having the inlet at the bottom of the box and the air to each box 

individually controlled. This inlet is supposed to spread the incoming air across the entire bottom. A 

mass flow inlet has been set on the bottom surface to simulate this. 

 

Figure 6-9: New box 5. 

 

 

Figure 6-10: New box 5. 
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Although there is still some of the warm air that enters the starter this approach seems to show a 

greater separation of the incoming cold air and the warm air. 

 

6.1.6 New Box 6 

Another alternative is to have the outlet on the side of the box. This is tested because much of the 

warm air coming from the chainsaw is going towards the back end of the chainsaw. 

 

 

Figure 6-11: New box 6. 
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Figure 6-12: New box 6. 

The back wall seems to be catching the hot air and is steering most of the air towards the back of the 

chainsaw. With the outlet placed at the side of the box it seems like most of the flow exits the box 

instead of turning and going back to the front of the box.  
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6.1.7 New Box 7 

In this box the inlet is move to the left side of the box. Everything else is left as in new box number one.  

 

Figure 6-13: New box 7. 

 

 

Figure 6-14: New box 7. 
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This design does not seem to work out as well as the other tested boxes. Here, where the inlet is placed 

on the side it seems like the flow is swirling around the whole box. This is not appreciated as the there 

is a lot of mixing of warm and cold air. 

 

6.1.8 New Box 8 

This version is of similar design as box number two. The main difference is that the inlet is opened up 

and now is open across the top. The idea is that the incoming air will flow more freely and is not just 

going in on the sides of the top.  

 

Figure 6-15: New box 8. 
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Figure 6-16: New box 8. 

 

It seems that the air going in to the starter is less mixed with the warm air compared to the original 

box. When the inlet is going across the top of the box it is possible for the starter to take in air that is 

coming from the center of the box. The warm cooling air is still recirculating towards the front of the 

box. This behavior has proved to be difficult to avoid in a box of this size. 

  



 

39 
 

 

7 Test and validation 
 

Some tests with the proposed changes to the box have been made. The tests have been made in the 

bigger box in the prototype room. Compared to a standard box without any modifications, the changes 

made have proved to make some significant difference to the better. To be able to control the test 

environment it is important that the temperature in the room and the test cell does not differ too 

much. There is still a temperature difference between the surrounding room and the box. However, 

this difference is smaller with some of the changes  

This temperature difference was about the same for the box with and the box without a screen. The 

difference was a little less when the sliced pipe was used. The box in the prototype room has proved 

to work well compared to similar boxes in other rooms. This may be the result of several different 

reasons. One of the biggest reasons probably is that there is no catalytic converter in the prototype 

room. Another aspect that differs from the rest of the rooms is that most time there is only one product 

running compared to the other rooms where it is more common to run three products at once.  

 

It is possible that the changes make a more significant impact in the boxes where the temperatures 

are higher and the testing is working in a less satisfactory way. The temperature in the box is measured 

where the air enters the starter. Even though this is on the cold side of the chainsaw it is still close to 

a heat source. The ambition is to be able to control the box temperature by changing the room 

temperature. With the temperature probe so close to chainsaw it is difficult, if not impossible, not to 

have a temperature difference between box and room. With different products generating different 

amounts of heat this may be harder to control if the airflow is not the best possible. So, with three 

products running it is possible to have one room temperature and three different box temperatures. 
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8 Discussion 
 

Some of the boundary conditions are approximations, more specific the temperature of the muffler 

and cylinder. They are set to constant temperatures specified for the muffler surface and cylinder 

surface. In reality these temperatures vary along the surfaces. For example, the temperature is not the 

same at the tip of a flange of a heat sink as it is closer to the cylinder. A more appropriate way would 

be to use a prescribed heat flux instead of temperature. However, this heat flux would vary as well and 

the best alternative would probably be to map a known heat flux or temperature field. Although for 

comparing designs this approach should be good enough as absolute values are not of the highest 

importance. 

Even though most of the warm air coming from the chainsaw is concentrated at the cylinder there is 

some flow coming out at the muffler as well. Since the flow is directed in two directions it will be 

difficult to collect all the warm air in an effective way.  

 

A pipe close to the chainsaw is an effective way to collect the hot air. However, since the pipe is so 

close to the chainsaw this may not be the best way. With a pipe so close to chainsaw it is possible that 

the suction from the pipe prevent the cooling system of the chainsaw to work in realistic way. But then, 

having a chainsaw enclosed in such a small space with powerful ventilation may not reflect real life 

scenarios.  

 

The solution where the recirculating flow is disturbed by a wall has the advantage that the air will flow 

more freely. And since there is nothing sucking the air directly from the chainsaw this solution may 

reflect more realistic conditions compared to the solution above. 

 

There have been tests where the chainsaw sits in the middle of the room with no adjacent wall to 

disturb the flow. This has been working well but then there is the problem with exhausts and oil. The 

exhaust can be handled with relatively simple methods. But the chain lubrication oil is more difficult 

to handle. It has a tendency to spread itself and make everything greasy. This makes it necessary to 

have the chainsaw enclosed. Another aspect is the sound level. There is a major difference in sound 

level between a closed box and a box with the door open. This is a work environment issue where it is 

important to keep down the sound level to protect the hearing of the people that is working in the test 

lab. 

 

The ventilation today has a capacity that approximately four to five times the air flow that goes through 

the chainsaw. This is believed to be enough to handle the heat generated by the chainsaw if the 

ventilation is utilized in a more efficient way. 
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9 Conclusion and further work 
 

CFD is a good tool to compare designs and compare how geometrical changes affect the flow field. 

Even though it may be difficult to obtain absolute values in the simulation, CFD simulations show that 

changes are possible and give a good indication which changes makes up for a better flow field. 

However, if these changes to the current box are good enough has to be tested with experiments. 

Experiments are suggested to be made with changes both to the current box and eventually to a new 

bigger box. As a first measure, it is recommended to move the outlet closer to where the hot air exits 

the chainsaw. The second step would be to either use a screen to prevent the air from recirculate or 

have a pipe next to the hot side of the chainsaw. Tests similar to the box used in the simulation of “New 

Box 3” and “New Box 4” have been conducted and it is recommended to further investigate solutions 

similar to this as it has proved to make improvements regarding to temperature compared to the 

original box. It also seems like a good idea to open up the inlets and have an open slot across the top 

of the box. 

Today, the air to the boxes is first coming into the room before it enters the boxes. This gives a rather 

larger thermal inertia and changes to the system are slow. Some discussion to ventilate the box directly 

has been made as this gives an opportunity to have greater control of each box independently of each 

other. 
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