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Abstract 
 

One of the main problem areas within computer graphics is simulating natural 

phenomena’s, working with fluid solvers, and particle systems. In the special effects 

industry, there is a demand for mimicking appearance of common special effect 

such as fire, smoke, and water. Autodesk Maya and FumeFx are used for exploring 

those methods in creating smoke and fire simulations and implementing those into a 

large dynamic system, while researching the possibility to efficiently control and 

modify an entire dynamic system on a per object level. Final production renders 

results are from both Maya and FumeFx.  
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1 Introduction 

 

Computer graphic is a term used to summarize the art of creating computer generated 

images also known as three dimensional (3D) graphic. Computer graphics has a huge 

influence on our ordinary life interacting with most of those images that are presented 

in items such as commercials, regular television shows, feature films, or work related 

materials. 

 

Over the last decade interest for using computer graphics for entertainment and work 

purposes has increased tremendously bringing forth a new generation of artist. When 

a demand for a product is created, there is always an interest from the industry to 

supply those demands. All of this became a new fast growing field of computer 

graphics. Generally speaking, the 3D world has opened doors toward creating the 

impossible and has had a huge impact on the market, increasing the overall quality of 

design, entertainment, and commercials. 

 

Visual effects are a sub category of computer graphics focusing on a special effect, 

trying to reconstruct nature using physics, chemistry, and common sense. We as 

humans are programmed to see flaws. Therefore when viewing a poorly made image 

or movie, it is easy to point out that there is something wrong in the computer 

generated style. Therefore, it is vital to dedicate time and effort into creating a special 

effect. 

 

One of the main problem areas within computer graphics is simulating natural 

phenomena’s, working with fluid solvers, and particle systems. In the special effects 

industry, there is a demand for mimicking appearance of common special effects such 

as fire, smoke, and water. This is a challenging problem and it remains as one of the 

corner issues when researching computer graphics, due to it high complex nature of 

mathematical precision. I plan to investigate different solutions on how to create high 

quality dynamic effect using previously created FumeFx special effect as a reference. 

By trying to replicate the special effect in the same quality, I will be able to test the 

limitation of Autodesk Maya. 

 

1.1 Purpose of Research 

 

A physically correct particle system is essential and relying on the appropriate 

attributes to simulate and adapt to its environment. Since the introduction of dynamics 

and special effects, there has been an evolving process always struggling to achieve a 

more efficient and automated user friendly method for creating the desired system. 

There have also been a huge number of advances, expanding our view on the 

limitation of computer graphics. 

 

Smoke and fire can be found in any explosion, exhaust, cold breath, or in any other 

common special effect. Some of these can be dealt with in compositing and others 

need to be in a 3D environment. Smoke special effects have there own style and is in 
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need of a unique appearance. For example, exhaust for a vehicle will have a different 

visual style in shape, color and transparency compared to a smoke from a bonfire or 

cigarette. 

 

Some of the more advanced special effects require fluids to represent a smooth 

motion. In the film production Cursed, several scenes have wispy smoke and had 

trouble displaying them with a simple dynamics system [1]. Using a self programmed 

3D Studio Max plug-in with customized sliders, the artists was then able to animate 

any part of the sequence giving the particles a designated initial temperature and 

emission rate. By building their own system, they increased the possibility of the 

effect and decreased the time while improving the workflow making it easier for other 

artists to modify or change a simulation. 

 

FumeFx is a plug-in for 3D Studio Max, designed to create fire and smoke simulations 

in only a few minutes of configuration. More information regarding FumeFx will be 

explained in the section, Applications. Using FumeFx plug-in system, it becomes 

relatively easy to create effects due to a smart interface and only a few attributes. In 

comparison to Maya, FumeFx has a faster learning curve. 

 

In addition, I plan on comparing Maya and FumeFx to search for common key 

attributes and see if there is a relationship between shorter production time and those 

attributes. Resulting in the question, why is there is a shorter production time in 

FumeFx, and if there is a method for creating a similar plug-in or setup system for 

Maya? If this is the case why is there no such program available or is the already built 

in system flawless? 

 

1.2 Problem description 

 

After viewing special effects created in 3D Studio Max and comparing these to Maya, 

a distinct difference can be found in production time and quality of the final render. 

This will of course depend on the experience of the artist. In FumeFx fire and smoke 

simulation, they do not require the same advanced knowledge of dynamics.  

 

In Maya, a combination of fluid and particles, animating geometry, or working with 

scripting can prove to be a problem referring to Murphy’s Law when working with 

many different aspects. An unknown error is bound to slow down the work process. 

Can this advanced combination of a different dynamic system be optimized or 

excluded? 

 

How can there be a plug-in system which produces high end quality special effects 

and when compared to other applications is easier to understand, easier to work with, 

and has a faster render time? In this research report, my focus will be on finding an 

alternative and efficient method for creating the same effect in Maya and comparing it 

to a final production of the FumeFx special effects. 
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Is it cost effective to a company to purchase or work with 3D Studio Max and the 

FumeFx plug-in, rather then choosing Autodesk Maya as main software? Does the 

time spent on working with Maya balance out the quality or is FumeFx both faster and 

more customizable? 

 

Another aspect of particle system and fluid effects are collision detection and particle 

or fluid behavior on impact with an object. If moving a characters hand rapidly 

through a cloud of smoke, how would this affect the position, thickness, and life 

spawn of our cloud system? 

 

1.3 Method 

 

My research will compare two special effects made in FumeFx and recreate those 

using Maya. By carefully selecting two different kinds of special effects to insure a 

wide variety of testing range, this will resort in an overall testing of the entire 

application and not focus on one scenario. Both will still be related to fire and smoke. 

After creating special effects in Maya, those will be compared to the previous created 

work in FumeFx. 

 

An explosion will provide information on how well Maya will handle fire reacting 

with fuel igniting into an explosion. By looking on the overall style of fire and smoke, 

how does the color temperature change over time to simulate a realistic explosion? 

 

Fire spray is another word for flame thrower and will be testing the particle limitation 

of Maya by emitting particles shaped as a fire and overtime change the fire particles 

into smoke particles. This will mimic the behavior of fire flame starting with a solid 

fire cone and creating smoke at the edge of our flame cone.  

 

This research paper will be carried out in two steps. First step is creating a realistic 

special effect taking animation, rendering and dynamics into account, while describing 

my workflow and comparing creation methods if applicable. The second step is to 

research for an improved workflow. How do I recreate this special effect in a shorter 

time span?  

 

1.4 Questions to Solve 

 

I will research the possibility for creating a similar plug-in for Maya, or a method to 

improve the workflow on the already existing dynamic system by pointing out various 

techniques and important attributes, sliders and parameters can be used to lower 

production time in Maya. What defines a high quality special effect and what methods 

can be used to create realism in fire and smoke animation? 

 

Another aspect of special effects to examine is rendering and problems regarding 

materials also known as Shaders. Which Shader can be used to create the desired 

effect, and how does it affect the overall render time in comparison with production 
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quality rendering with software or hardware engine in Maya? It is also a category of 

opportunities providing the artist with different advantages depending on what method 

of special effect is used.  

 

I plan on drawing distinct parallels between the different creation methods and 

pointing out advantages and disadvantages both within Mayas dynamic system and 

FumeFx special effects. Furthermore is there a method to work around or replicate 

some of the content using layering and compositing? 

 

1.5 Anticipated Problems 

 

Realistic animation is always a problem when working with special effects. For 

example, an explosion must have the appropriate gravity and debris must interact by 

colliding and changing direction. None of this is animated manually except minor last 

touch configuration. 

 

For the most part of a dynamic system, a script is required to provide each individual 

attribute with the necessary information. Overlapping scripts tend to crash, 

malfunction, or slow down simulation. Finding a method to work around or integrate 

scripts and expressions to avoid unnecessary problem can itself become one of the 

major issues that need to be solved. 

 

Realistic rendering can make or break an entire sequence. Creating realistic animation 

does not create a high quality special effect by itself. Since fire is changing color and 

transparency overtime, a gradient ramp is required to make the effect real. 

 

1.6 Expected Result  

 

After working with different special effects and scenarios, I can narrow down useful 

attributes and create a user friendly interface which is supported by Maya. I will also 

be able to figure out general advantages and disadvantages between Maya and 

FumeFx. 

 

The conclusions will further boost research on the topic in question and create a 

discussion on the subject of special effects. It will also enhance workflow on later 

productions and provide artists the option of working with a plug-in designed to create 

fire and smoke special effects and then tweak them using the preset or Maya’s default 

dynamic system. 
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2 Related Work 

 

There are studies using a none-specific 3D application where creation methods has 

been tested, improved, and researched. Previous studies point towards certain 

techniques being a superior choice depending on length of the effect, volume and 

system complexity.  

 

Smoke and fire phenomena have received a lot of attention from the computer graphic 

community. Fire effects in particular are demanded due to its dangerous nature where 

a special effect can be more cost consuming; however preventing to shoot a live 

footage can protect actors and member of the production team.  

 

During Siggraph 2004, a conference was held on the subject of common dynamic 

problems, and how to solve those describing a non-application specific oriented 

method. The conference was named “The elements of nature: Interactive and realistic 

techniques” and looked into natural phenomena’s such as fire, water and smoke [3]. 

 

Combustion effects can loosely be classified as two separate categories, detonations 

and deflagrations. Deflagrations is described as a low speed event such as a bonfire, 

and detonations are high speed events such as explosions where a shockwave of  

smoke fire burst out in a rapid motion [3]. Their research will be my foundation when 

creating special effects. 

 

2.1 Dynamics 

 

Research on fluid solvers and finding new algorithms to improve program stability 

and smoother simulation is an evolving process which can be found all over the 

computer graphic community. When dealing with problems regarding physical correct 

simulations, equations are used to describe the energy flow of a dynamics system. 

This is in contradiction for example modeling of an object which is a static line from 

production start towards final presentation.  

 

Fluid explosions can be described as a set of equations. This field is a more advanced 

part of the computer graphics community. The following content is found using 

previous research on this area, explaining the equations of an explosion. 

  

2.1.1 Equations 

There are various methods and interpretations regarding on how to make an equation 

more efficient. Therefore, I am only going into the basic elements of an explosion.  

Equations of a explosion has to take density  p(kg/m3), pressure P (N/m2), velocity v 

(m/s), temperature the internal energy per unit mass N (J=kg), and the total energy 

per unit mass E = N + 1/2v^2 (J/kg). Using the above variables an equation can be 

defined using the Euler method an equation approach on how to explain general 

solutions of waves. The Euler method is a nonlinear hyperbolic equation which is a 
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differential equation involving unknown functions to describe how sound or heat is 

expanding over time [4] [5].  

 

The above variables can be used to create an equation. As an artist, my understanding 

of how advanced physics works is limited. Therefore, I am only presenting the 

variables and not the finish equation itself. These are the same variables that can be 

found in Maya’s fluid system. 

 

If equations would to be implemented directly into a 3D application, it would require 

the artist to expand their area of proficiency toward advanced scientific studies. 

Therefore, all of the equations have been integrated into the application. It is still 

essential to understand and be able to read the flow of an explosion. A 3D artist who 

understands the physics of a real explosion will be able to mimic it in a more realistic 

fashion. For example, why the temperature is warmer from the center?  How much 

energy is emitted out from the explosion center and how does it interact with its 

surrounding environment? 

 

2.2 Animation 

 

During a research project by Gary D. Yngve at Georgia Institute of Technology, a 

process for describing an explosion animation throughout the entire lifespan of the 

effect was introduced. Explosions are one the most intense phenomena’s releasing a 

bust of energy triggered by a mechanical, chemical or nuclear factor. A blast wave is 

emitted from the centre of the explosion rapidly moving through the air creating a 

shockwave which has the ability to travel at supersonic speed causing a refraction of 

light. When looking at the front of a shockwave, air is compressed turning mechanical 

energy into heat [5]. This is visible as a diffuse abnormality and is often featured in 

visual effects to add more characteristics and provide huge expositions such as a 

nuclear blast the proper feeling of massive amount of energy that is being released. 

 

2.3 Visual Presentation 

 

After completing the first step of a special effect involving simulation and proper 

interaction with other objects, a visual presentation is necessary to provide the image 

with color. At Stanford University a research paper Duc Quang Nguyen on fire 

temperature, describing overtime based upon temperature of how color will change 

from blue towards red and orange, finally burning out and the resulting smoke [3].  

 

These three different visual phenomena’s can be seen in the Figure 1, where the 

lifespan of a fire is described. Starting out with solid fuel, for example oil, and while 

increasing temperature over time, the pre designated ignition temperature will ignite 

the oil and create a chemical reaction resulting in a fire or explosion. After ignition, a 

blue or bluish-green core will be visible and is the first characteristics of a fire. These 

colors are emission lines produced in a chemical reaction between materials. This thin 

blue core is located at the base of a fire where the temperature has its highest value.  
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Figure 1: Lifespan of fire. 

 

3 Framework Overview 

 

A fire special effect is divided into two parts. First a dynamic special effect must be 

simulated, and then the simulation must be visualized. When working with fluids, an 

explosion or spray effect is a combination of three density fields. They are the fuel 

gas field, the exhaust gas field, and the temperature field [3].  

 

By introducing those three density fields into a velocity field, a special effect is 

created. This is a common working method where the fuel gas field is the core of the 

special effect defining boundaries for the other coexisting operators. The fuel gas 

field is what supports the fire with material, without any material a combustion effect 

will not be possible and that will result in a failed experiment. The exhaust gas field is 

when material used in the combustion process is transformed into exhaust, also 

known as smoke.  

 

 

4 Applications 

 

There are many different applications available some are specialized in difficult 

objectives while others are programmed to work in a general area. The focus will be 

on Autodesk Maya 2008 which is one of the major applications used in the industry. 

 

4.1 Maya 

 

Maya is a well known 3D application used for creating animated film, commercials 

and any other computer generated images or sequences. A general application 

designed to work with all areas of computer graphic. Maya is developed to be able to 

create a minor amateur movie sequence, and at the same time is used in the 

Hollywood industry. Animation and rigging is famous within Maya and is often a 
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major factor to why Maya is chosen in front of other applications. However the 

dynamic field is still under developed and there are many other applications which 

will handle special effects in a smoother method.  

 

Recently the fluid system has been introduced and become a part of the application. 

With this new method of creating special effect, the standard for producing special 

effects has been increased. There is still a great deal of work that needs to be 

accomplished before Maya can compete with the specialized and leading application 

within the special effect field.  

 

4.2 FumeFx 

 

Sitni Satiwas founded in 1999 is a well known software development company with 

numerous successes such as AfterBurn and DreamScape [6]. Since introducing their 

first software on the market, Sitni Sati has been involved both in the gaming industry 

and Hollywood production where their software was used in creating Armageddon, 

Matrix Reloaded, Warcraft 3, and other huge titles.  

 

FumeFx is software, which is developed by Sitni Sati. FumeFx is a plug-in for the 

well known application 3D Studio Max. FumeFx has a user friendly interface and easy 

to understand attributes when focusing on creating fire, smoke, and explosion effects. 

Creating high end production quality special effects in FumeFx is a sufficient reason 

to use 3D Studio Max prior to Maya. 

 

 
 

Figure 2: Fire created with FumeFx 
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Figure 2 is a still frame from a movie sequence created with FumeFx by Dennis 

Holmboe with no previous experience and roughly ten minutes of setup. The images 

that I will be comparing my final project is not created by me, however it will provide 

an understanding of how easy it is compared to Maya’s fluid system. 

 

 

5 Dynamics system 

 

Working with both particle and fluid effects to achieve an advanced effect is very 

common and adds a great deal of pressure on knowledge for special effect systems. 

Since dynamics is a random factor, a particle is given initial velocity, gravity, and is 

often exposed to a number of other fields, for example vortex and turbulence.  

 

It is vital to understand the basic principal of special effects. There is no animation of 

each individual particle. The time it would take to accurately animate a particle 

system with over million particles and present a sense that all particles are one huge 

object would be very time consuming.  

 

5.1 Particle system 

 

Dynamic particle system has been described by William T. Reeves researching on 

behalf of Lucasfilm Ltd. Explaining the fundamentals behind the particle explosion 

and wall of fire which was created in the motion picture Star Trek II [2]. Basic data is 

used to describe each individual particle and its designated action. The mechanics 

behind how the particle system operates has not been changed much to this day. 

 

In a particle system, there is always a source creating each particle object. Typically, 

this is referred to as an emitter [12]. The emitter based on its own location in 3D 

space decided the spawning point of our particles. The emitter also has several 

parameters to control the spawned particles behavior. There is also the possibility to 

spawn particles from geometry such as a plane or a cube. 

 

Using particle, emitter, and field information from previous frames or initial attributes, 

the dynamic system can predict the next location in 3D space for any sequential 

frames. This method is referred to as a Stochastic method which means aim or guess, 

in other words predict [7]. 

 

Since guessing is not an exact science, the result may vary between simulations. On 

each frame there is a start up run cycle of five steps which are preformed in order and 

explains the workflow of a particle system. New particles are generated into the 

system. Each new particle is assigned its individual attributes. Any particles that have 

existed within the systems past their prescribed lifetime are extinguished. The 
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remaining particles are moved and transformed according to their dynamic attributes. 

An Image of the living particles is rendered in a frame buffer 

 

Adding more chaos to a particle system is one of many ways to control a more random 

appearance of the end result. An expression can be added to our dynamic system to 

simulate a more random style. Rand is a procedure returning a value between two 

designated numbers giving a spread for example between -10.0 and +10.0. Connecting 

this value to the emission rate of an emitter would spawn a randomised number 

between a negative ten and ten on each new frame. Add into the equation an initial 

value of 15 and then insert the returned number from our random process. Now the 

dynamic system will generate particles on an interval between +5.0 and +20.0. This 

would ultimately create more chaos and give a particle system depth and realism.  

 

5.2 Fluid 

 

Fluid dynamics is developed by Autodesk and is a part of Maya. Fluid systems are 

designed to simulate the behavior of fluids, in other words the motion of liquids and 

gases. Fluid effects are often used when working with water, smoke, explosions and 

fire. This method for creating effects is more time consuming than regular particles. 

The upside of working with fluid system is the huge number of customizable 

attributes which can control any part of the fluid simulation. This is the fluid 

dynamics best asset as well as its worst flaw. 

 

5.2.1 Fluid History 

Computer graphic fluid simulation was first attempted by Nick Foster & Dimitris 

Metaxes, who bases their work on a previously existing research report by Harlow 

and Welch [4] [5] [8]. Prior to Nick Foster & Dimitris Metaxes research fluid 

simulation was created using particle system and faking the density of for example 

water to create a solid fluid. Adding turbulence and another random interaction to the 

particle system created the desired effect. Using the Navier-Stokes equations was the 

first real fluid attempt in a 3D environment was constructed in 1996. Three years later 

Jos Stam published the first stable fluid method at Siggraph which is a computer 

graphic convention [4] [5] [8].  

 

Today fluid dynamic system has evolved and is used in common production. Fluid 

effects are considered a smart method for creating complex dynamic systems. 
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5.3 Simulation 

 

Since all particles are randomised, the term simulation is used to describe the particle 

movement from the initial emitter and toward the particles lifespan.  

 

Simulation is initially not an animation and therefore needs to start at frame one of the 

emitters start frame and play until the end of sequence to experience the full scene.  If 

the system has an advanced expression and the field forces connected to the particles, 

each simulation will turn out a slightly different from each other. This creates 

problems when rendering more than one layer or having an effect approved for post 

production if the value changes. It can be adjusted by using the particle cache, which 

provides the opportunity to scroll through the animation and view specific details. It is 

still necessary to simulate from the beginning when changing anything and then a new 

cache file needs to be created. 

 

5.4 Collision 

 

Collision is a term for distributing forces mainly velocity from velocity A of particle 

and velocity B which is the new initial speed after a collision [11]. When creating an 

accurate particle system, an object will pass through and affect the particles. This will 

need to be represented in a correct physical method using gravity, speed and density 

of our system. 

 

Elastic collision is when the total kinetic energy of the colliding object and particles is 

equal to their kinetic energy before the collision, providing that there is no other 

forces, friction or conserved energy loss [9] [10]. 

 

5.5 Render 

 

Rendering is the process where the designated application transforms models, lights, 

textures, particles and anything else that the graphic artist has created into a computer 

generated image or sequence. It is one the most important pieces in evolving an idea 

into a movie sequence. Without a proper render, there is no image. It is the final stage 

and therefore the last opportunity to reorganize or change any data before the 

production moves into post production.  

 

5.6 Compositing 

 

Compositing is the common name for editing and correcting already rendered out 

images in other words post production in this phase. The overall image can be 

adjusted to fit the previously decided concept style. 



     

 

  15

  

  

 

 

6 Production Discussion 

6.1 Method 

 

When working with computer graphics one of the first guidelines of unwritten rules is 

that the result or final production speaks for itself. There are numerous methods on 

achieving the same result, and the quality might as well vary depending on the artist 

experience and preference toward a certain method. My intention is to use two 

different methods and compare those toward a final production.  

 

 6.1.1 Preparation 

When working with dynamics simulation and testing is always a major part of the 

production, a good foundation is the keyword when simulating. If the shape of a 

simulation is poorly developed, the special effect will only be as visually good as its 

weakest link. Therefore, there is no reason to continue working with color and 

rendering if the technical aspect is not created correctly. For this reason, a testing 

phase is issued to insure that the selected method will be able to deal with key 

characteristics. For example, will my designated method be able to create both a solid 

yellow color and fade into smoke? Both the previous stated characteristics are found 

when creating fire. This type of break down is essential in any special effect. What is 

going to be visible and how do I simulate it?  

 

There is also various work method on what artist refer to as “faking realism.” If a fire 

effect is far away, will all the details be visible to the human eye or can some aspects 

as thin smoke be removed entirely even if it would be there in the real world? These 

are also the objects that need to be taken into consideration. It is always a good idea to 

outline all the different aspects of a special effect and then decide which methods 

needs to be tested. There is never one single solution.  

 

6.1.2 Outline 

Creating a flamethrower has it obvious characteristics with fuel being ignited a point 

and spreading outwards in a cone shape.  The flame is then transformed into smoke 

when the fire drops beneath a certain heat degree.  

 

An explosion is far more advanced and therefore requires a more advanced and 

customized dynamic system. This can be achieved with particle system but at the cost 

of realism and production time. Therefore, choosing to work with a fluid system is 

more appropriate for an explosion effect.  
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Figure 3:  Fire-spray effect 

 

6.1.3 Fire spray testing phase 

My previously work methods included particle simulation for a flame-spray effect, 

where particles would overtime change into smoke. Setup for such a system is not 

advanced compared to fluid effect and therefore is easy to test and see if it is possible 

to achieve our previously noted key characteristics. 

 

After testing, I found that the particle setup was not sufficient enough to simulate the 

desired flamethrower effect and therefore there was no reason to continue working on 

the fire spray effect. Figure 3 is a computer generated image made with the FumeFx 

plug-in for 3D Studio Max. This is the image that was used for testing the particle 

limitations of Maya. The main problem with particles is controlling advanced shapes 

where fire particles are in the center of the cone and smoke particles on the outline 

edge. It is possible to solve, however it will require more time and research to use the 

fluid system which is adapted to work with this kind of cone shapes.  

 

I am in a position where particle limitation stops the progression and the only common 

solution would be to switch to fluid effects rather than to work with particles. Once 

again it is possible to do this with particles but it requires unnecessary work and the 

idea behind this report is to eliminate or investigate the possibility of reducing the 

production time. 

 

Progressing with the fire-spray effect and producing a fluid version of this effect will 

provide the same information on the limitation of Maya as my second example, the 

explosion. I have therefore eliminated the fire-spray effect with the conclusion that 

FumeFx has a superior method when dealing with particles and spray. Instead the 

focus will be on creating an explosion with fluids and researching as well comparing 

my result with FumeFx.  
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6.1.4 Explosion testing phase 

There are different methods for creating an explosion with fluids. Deciding which type 

of explosion and looking at key characteristics is important. A nuclear blast will have 

a mushroom cloud as one of the major characteristics. In my example, I have chosen 

to work with an oil barrel. Having a trigger source or a well known object that is 

recognized by the audience will ensure a additional realistic feeling. A viewer will be 

able to understand why an explosion has a specific shape, color and density if there is 

a source object, in comparison with an explosion detonation in a state of limbo. 

 

 

 
 

Figure 4: Initial state of an explosion 
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Figure 5: Secondary stage of an explosion 

 

 

The first step is always to find a reference image or movie sequence. Figure 4 and 5 

are still frames from a movie clip showing an explosion. Figure 4 is showing the start 

and Figure 5 is showing the final smoke disappearing. With the help of these two 

images, I will be able to understand how an explosions over time changes into smoke. 

In addition to this information and specific style of the FumeFx explosion, some 

changes and improvements have been made on the expected end result of our Maya 

creation. The main explosion will be similar with the oil barrel shooting to the side as 

if the explosion was detonated inside the barrel.  

 

Figure 4 has an intense heat acceleration climbing from a source point toward smoke 

in a matter of milliseconds. In the testing phase, the shape is more important than the 

color. Now, the second step is to mimic the behavior shown in Figure 4.  
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Figure 6: Initial test-shape of an explosion 

 

 
Judging by the few minutes spent to develop this early stage test, an explosion is 

possible to create in the Maya fluid system. When examining Figure 6, the shape is 

not a perfect match which is not vital since shaping will be done in the final 

production scene rather than progressing in the test phase with unnecessary work. 
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Figure 7: Secondary Test-shape of an explosion 

 

 

Figure 7 shows the second stage of the explosion; the smoke shape rising upwards. 

Even in this low resolution fluid container a distinct shape of a turbulence smoke can 

be visible. These two test images are from the same fluid system and not taken 

separately to insure the use of only one fluid effect. When working with multiple fluid 

effects such as collision, shape overtime, and color, they cannot be controlled in the 

same fashion and it is an uncommon workflow.  

 

Both these test images was made with fluid effect and by the use of density rather than 

fuel or heat emission. 

  

6.2 Production phase 

 

When the testing phase is completed and all the vital problems have found solutions, 

production will be able to commence. In this stage, the real work begins, where shape, 

color and timing is perfected into a final image. When working with a special effect a 

good idea is to start out with a reference object inside to provide the viewer an idea of 

proportions. I had previously chosen an oil barrel as a suitable detonating device. 

Therefore, the first step is to model and detonate the barrel and then try to adapt the 

volume of the explosion to the oil barrel rather than the other way around.  

 

Figure 8 shows a polygon model of an oil barrel. It is a solid construction without any 

dynamics affecting our model.  In order to provide the viewer with a realistic 

explosion, the oil barrel must itself be divided into smaller pieces which will later 
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move out from the center point in a rapid motion faking the energy release of an 

explosion. Using the Shatter effect, a build in Maya tool is made for splitting a surface 

into smaller geometry pieces. The new geometry will act as our debris, flying through 

the air and also emitting fire and smoke which will result in a more realistic explosion.  

 

 

 
 

Figure 8: Oil barrel, rendered with Maya 

 

 

 

 
 

Figure 9: Oil barrel explosion 

 

 
Figure 8 and 9 are print screens from Maya of a shattered oil barrel with a 20 different 

pieces. Figure 8 shows the whole barrel intact before the detonation occurs. Figure 9 is 

a few frames after detonation where the debris are pushed out and flying through 3D 

space. There are different methods for achieving the detonated barrel effect. One of 
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the common solutions as well as the solution that I have chosen was the Rigid Body 

method.  

 

Rigid Body is a well known dynamic effect and can be found under various names in 

most common 3D applications. The rigid body effects geometry transforming, such as 

changing debris into a dynamic object. Dynamic objects are not animated! Instead 

they are influence by forces or fields. Gravity, turbulence and radial are examples of 

fields that can influence a dynamic object. Those are also the fields which I have 

chosen to use to create a blast effect.  

 

6.2.1 Gravity Field 

Gravity is self explained mimicking the real world gravitation at any desired force. 

The default value is set to 9.8 and it is wise not to change those settings. A higher 

value will result in a gravity force, where object will accelerate toward the ground 

plane in an unexplainable speed. On the other hand, a lower value will mimic the 

behavior on the moon and the object will seem to float rather than falling. Therefore, 

the default value is set to 9.8 and for the time being it should stay unchanged unless 

problems with gravity fields can be solved by changing the value and balancing the 

new value with all the other force fields influence. 

 

6.2.2 Turbulence Field  

Turbulence Field is a force affecting the entire dynamic system giving it a velocity 

push in random directions to simulate a chaotic behavior. Without the turbulence field 

our object would move in a straight forward fashion starting at point A and ending up 

at point B. Adding a turbulence field will ensure natural movement and therefore a 

realistic motion. 

 

6.2.3 Radial Field 

Radial Field is used at a velocity force from a specific point or desired volume to 

create a push from the center and outwards. If an oil barrel is to explode from the 

center, it is wise to use a radial field inside the barrel and add a high value to simulate 

the barrel exploding. A radial field placed inside the barrel will then push all the rigid 

body pieces from the barrels center point at high speed. In the same method an 

explosion inside a barrel would have done. 

 

6.2.4 Rigid Body 

After modeling a solid polygon model of an oil barrel, and by using the shatter effect 

to crack the solid surface into smaller pieces, the converting phase to a dynamic 

object still remains. I have previously explained my intention to use the rigid body 

method. Rigid body is primary used due to its superior collision detection and 

simulation. The only downside is a dynamic rigid body object cannot intersect 

another object at its start frame or the simulation will fail or even crash. This provides 
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a minor problem when the oil barrel should look like a solid surface even thou it is 

build up with many minor pieces.  

 

Working with the solid geometry dummy for the first frames where the oil barrel is 

visible as one solid object. Using a dummy object will save calculation time since 

there is no reason to simulate a solid barrel. Only first when the detonation occur an 

animation of hiding the dummy object and switching over to the rigid body barrel is 

necessary. This kind of faking special effects is common to avoid crashing system and 

unnecessary simulation work. 

 

 

 
 

Figure 10: Oil barrel, broken down into minor pieces 

 

 

Figure 10 displays the different shattered object before detonation and since rigid body 

is programmed to collide with each other an override is necessary to avoid an 

application crash. Each individual piece has to be on a separate collision layer. Since a 

detonation will occur at high speed, intersecting geometry would not be visible. This 

creates another problem since the entire shattered object has to collide with the ground 

plane. Luckily, Maya has a build in layer which will collide with all other layers.  

 

After using a radial field to push the dynamic object out from the center, initial 

adjustment can be made on each individual geometry object. Creating an initial 

velocity or a random axis push can increase the perception of a powerful blast. 

 

Now, all of the shattered object will simulate an oil barrel exploding and the shattered 

pieces falling onto the ground. 
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6.2.5 Explosion shape 

Using Maya fluid system, the explosion shape will be defined using temperature as 

reference. Temperature has the advantage of having a bright color; yellow or orange 

where the temperature is above a specified degree and gray when below. The shape 

will therefore start with a bright glowing yellow color at the center of the explosion. 

After a few seconds of intense energy release the temperature will cool down and 

smoke will start to appear. 

 

 

 
 

Figure 11: First final production test render of our explosion 

 

 

Figure 11 shows an explosion with a smoke and fire being emitted from the shattered 

oil barrels pieces. It is in a low resolution container for testing purposes and thus 

results in cubic looking shapes. Figure 11 also features color and opacity changing 

over time, as life span of the explosion continues, creating a smoke and fire swirl 

from inside the explosions center.  
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Figure 12: High resolution render with color and texturing added 

 

 

To avoid system crash and improve simulation time, I have replaced my previous 

shattered oil drum pieces with dummy object. Instead of using a high polygon 

geometry model, a low polygon sphere has been added and parented to follow the 

same animation path as our debris object. Removing some of the minor pieces which 

are not visible has also saved simulation time. Figure 12 is a rendered image of fluid 

being emitted from sphere objects. The emitter rate is not animated and therefore 

creates a thick serpent shape, rather than a debris piece where smoke is fading away. 

A glow has also been added to further improve realism. 
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Figure 13: Final render 

 

6.3 Final Render 

Figure 13 is the final render, showing still frames taken at an even interval of five 

frames from each other. I have also made a movie sequence of the explosion showing 

out animation and timing.  
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7 Conclusion  

 

Investigating and researching fluid system is time consuming and rewarding. 

Working with fluid system has greatly increased my knowledge of dynamic effects. 

Maya fluid effects are not as well constructed as FumeFx. FumeFx is a plug-in 

designed to create fire and smoke effects. An application or plug-in software designed 

for one purpose is of course excellent at creating these effects, and on the other hand 

useless in all other areas.  

7.1 General 

Observing the workflow and evaluating my own process in creating an explosion 

effect. I have come to understand which parts of the production process was easy to 

understand and those who took time to solve. When first creating an effect, I had 

problems with the resolution of the container; the quality of which the special effect is 

displayed. If the fluid container had a high resolution, a more accurate fluid preview 

would be possible, but on the other hand changing attributes, color or density would 

take time to calculate.    

 

The method around this was to guess or estimate a capable setup in a low resolution 

work field and then switch to a final production quality and see the results. Working 

this manner is both time consuming and inefficient and needs improvement. While the 

feedback was poor, the setup system was easy to understand and worked as intended 

in particular the color and shading system. Shading the entire effect with some minor 

scripting took only minutes of testing and setup. Of course each special effect is 

individual and the time frame may differ. 

 

Animation in fluids is a chronological timeline where the initial state has an influence 

on the entire sequence. There are important attributes which will control the swirl and 

density, as well as how fast for example the smoke will rise upward. These effects are 

a combination of attributes and no single variable will provide a perfect result. 

Therefore, a balance between the different forces affecting the fluids must be found. 

 

7.2 Special Effect 

Special effects, comparing fire and smoke effect from FumeFx with Maya have 

opened my eyes for the workflow of dynamic effects. The only limitation is the 

knowledge of the artist who is working on an effect. Fire and smoke can be 

realistically created and rendered in any application. When working on a special 

effect, testing and searching for previous work is essential and can be the key to 

success. Since fluid system is a new area, there are limited documented scenarios and 

instructions. The most common special effects can be found and a basic 

understanding is easy to achieve. Advanced and realistic special effect is always a 

problem since it requires more work and having a deeper understanding of other 

fields of 3D graphic such as light, shading and animation. 
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The accurate and realistic documentation is needed to increase the fluid system of 

Maya and provide the appropriate feedback to Autodesk. Another element of why 

there is limited knowledge might be the poor feedback which is provided when 

working with high resolution effects which takes time and forces artist to choose 

other applications in favor of faster production time.  

 

7.3 Advantage and Disadvantage 

 

There are both advantages and disadvantages working with either Maya or FumeFx. 

Both programs are obviously programmed for a specific purpose. FumeFx is designed 

for fire and smoke effects and therefore should be a better option since all time spent 

on creating this plug-in is committed to developing a dynamic system. Maya is a 

general program where all aspects of 3D can be created. The bottom line is always a 

question of company financing. Is it profitable to purchase a license for 3D Studio 

Max with FumeFx and create a pipeline based upon these two applications? Or is 

Maya is a better alternative since a lot of time is saved using only one application 

even though the creating process and rendering time might be longer? 

 

FumeFx is limited to Fire and Smoke effects, and without more advanced experience 

on how to adjust the setup most of the special effect tends to have the same style.  

Maya on the other hand has an advanced setup, more customizable attributes limiting 

the artist on his behalf, rather than the limitation on the software side. Render time is 

a huge problem with Maya. When rendering, an effect can take hours or even days 

compared to FumeFx. It all comes down to the specific scenario of each individual 

dynamic situation.  

 

7.4 Future Goals 

 

One obvious future goal of Maya fluid system is to increase stability when working 

with dynamics. There are a lot of do-not-do rules. These obstacles which we need to 

avoid can cause system crashes. Maya has a long render time even if an experienced 

artist is creating and configuring the setup for a dynamic effect. Creating a plug-in for 

Maya is possible and might improve workflow. It is also possible to import an effect 

into Maya which will solve problems with having to re-create the same effect twice. 

This will also reduce production time on completely new special effects since a great 

deal can be customized from an old pre existing effect.  

 

In my conclusion, Autodesk Maya does not need a plug-in system if you are working 

for a company. The knowledge and experience found in the computer graphic 

industry and senior artist ability to adept and teach new recruits will be equal to time 

spent learning a plug-in. When working with Maya’s fluid system, it is hard to 

understand and figure out common working methods. In the future, more experience 

artist will help create a community where common questions can be solved and the 

feedback from the general 3D community will help improve fluid systems for the next 

version of 3D applications.     
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