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1. Abstract 

In this paper we present a modification of the provot cloth in homework 2 in order to 

support wetting. The method that we chose is based on various techniques found in research 

papers that couple fluid and cloth simulations. We cover our solution to the problem of realistic 

wet cloth rendering. In addition, we discuss various tests that we performed, our results, and 

possible ways to extend this project in the future.  

2. Introduction and Motivation 

There are many situations where cloth will come in contact with fluids. Almost all the 

time, when cloth becomes wet, there will be significant physical changes that occur. Despite the 

major presence of both cloth and fluid simulations in computing and more specifically graphics, 

there is not a lot of research that couples both cloth and fluid simulations. For the papers that do 

combine cloth and fluid simulations, some do not discuss or even show the physical properties 

of wet cloth.  

We read the paper “Coupling Water and Smoke to Thin Deformable and Rigid Shells” by 

Guendelman et al. (2005) and we were in awe of their simulation of cloth wrapping around a 

fluid. We noticed that despite the physical realism of the cloth wrapping, the paper does not 

really consider physical changes to the cloth. We enjoyed working with both the cloth 

simulation and fluid simulations in homework 2, so we decided to use this assignment as a 

base for creating a cloth model that emphasizes the physical changes that occur when cloth 

become wet. 

 



 

3. Related Work 

Guendelman et al. [1] propose a method for coupling fluid and solids defined by a 

triangular surface. Their method is an improvement over traditional fluid-solid models such as 

the one proposed by Benson (1992)  [4], which has the solid provide a velocity boundary 

condition on the fluid and has the fluid provide a force boundary condition on the solid. 

Rendering the cloth and fluid using the traditional method will make it look very rigid or stiff. 

They instead use the fluid velocity and pressure to calculate force on the solid, which yields a 

more natural looking cloth. 

Huber et al. [2] present a method for creating wetting in fabrics using a 2D automaton 

along with translational diffusion theory. They use Fick's Second law, which they use to obtain 

information about the concentration field using a variable diffusion constant. They choose to use 

a diffusion constant based on liquid volume. In addition, they support different textures by 

modifying the fabric grid size and maximum particle count for each cell. This paper also 

discusses a method for creating wicking, which is observed in semi-permeable fabrics, where 

capillary action forces fluid particles to move against gravity and form beads on the surface of 

the fabric. 

4. Physical Properties of Wet Cloth 

In order for a simulation that couples cloth and fluid to look realistic, it is important that 

the cloth replicates basic physical properties that can be observed when cloth becomes wet. 

These physical changes are caused by the properties of the fluid, which in our simulation was 

modeled after water. Some observed properties of wetting due to water include color darkening, 

mass gain, particle bounceback, leakage, and wicking. As the cloth absorbs more water, it will 

look darker as a result of the water changing the refractive index of the cloth, making the cloth 

reflect less light. When the cloth particles absorb water particles, the cloth will carry both the 



 

mass of the cloth and water, making the cloth heavier. Most times the shape of the cloth will 

change as a result of the increase in mass. There is a limit to how many water particles per cloth 

particle can be absorbed and we observe bounceback and leakage as a result. Bounceback 

occurs if particles hit the surface of the cloth when the cloth cannot physically absorb any more 

water particles. Particles that fall on the cloth with an initial velocity will bounce off the surface 

much like a rubber ball on a sidewalk. Leakage occurs when the pressure and force from 

incoming water particles push the fluid particles in the cloth out. Wicking is an observed property 

of water due to capillary action on the surface of porous fibers. Beads of water will appear on 

the surface due to the capillary action causing water particles to travel up on the pores of the 

fabric. 

5. Implementation 

We started our implementation by modifying our homework 2 code and used the provot 

cloth implementation as a base. We set up the wetness factor in our cloth by giving the cloth 

particles physical properties based on how many particles that it has absorbed. Afterwards, we 

set up the pipe mesh in the scene and set up the water source for our scene. After we set up 

the water source, we set up the particle collision and cloth absorbance of the particles. We then 

set up diffusion of the water particles using a method from Huber et Al. [2]. Finally we handled 

leakage and bounceback for cell overflow handling. We tweaked our global constants to 

simulate water as our fluid.  

 

 

 



 

5.1 Combine Fluid and Cloth Models 

  

Figure 1: Provot Mass and Spring Cloth 

Provot [3] 

Figure 2: Marker and Cell Fluid 

Foster et al. [5] 

 The cloth model shown in Figure 1, used in this implementation, is provot’s spring and 

mass system. Under the cloth class there is a class called cloth particles which contains the 

weight and position. The cloth in this simulation is organized by different numbers of cloth 

particles and has different resolutions. The fluid implementation is mark and cell system shown 

in Figure 2 . This system creates cells in a 3D space which can contain particles and has 

position. The fluid particles have position and velocity, and in this way, the particles can be 

moved and reassigned into different cells.  

In order to combine these two models together, a private variable Cell is added into the 

cloth class. This private variable will enable cloth particles to have the ability to contain fluid 

particles.  

5.2 Setup cloth wetness  

Based on experience, people know that cloth will become darker and heavier when wet. 

In order to add this effect into this implementation, the color variable for every vertex passed 

into the fragment shader will be changed. An additional variable will be added to the color 

depending on the number of fluid particles inside a cell. This way, if the amount of fluid inside a 

cloth particle increases, that piece of cloth will become darker.  



 

5.3 Cloth Absorption and Particle Diffusion  

At this point in the implementation, we have a cloth model that can hold fluid particles. 

The next step is to calculate the force exerted on every fluid particle in the system. For each 

particle in a cell, there are absorption forces from eight surrounding cells as well as a constant 

force exerted from gravity. The calculation of the absorption force depends on the difference 

between the number of water particles in two cells, the distance between the water particle and 

the cell, and a force factor K. Since the force is a vector, the direction from the particle to the cell 

is needed. The force factor K doesn’t have a specific value; users can change this factor 

depending on different simulations. For example, if they want the fluid to spread faster they can 

increase the absorption factor and if they want fluid spread slower they can decrease that factor. 

This factor also needs to be balanced with gravity, otherwise, an unwanted pattern of water 

stain will be generated. Once the force on a particle is calculated, we can solve for the 

acceleration of that particle; the velocity and new position of the particle can also be calculated 

with the information that we currently have. If the new position is outside of the current cell, the 

particle will be deleted from this cell and reassigned into the other cell according to it’s position. 

In addition, if the particle is outside cloth it won’t be added into another cell.  

5.4. Incorporating Geometry into Scene  

We chose to use the mesh class found in several of the other homeworks to add the 

pipe into our simulation. We chose to use a simple cylinder geometry for ease of rendering, but 

originally had a more realistic pipe. In terms of performance, the complex pipe did not make our 

program slower. We imported the mesh class into GLCanvas and handled the creation, 

transformation, and deletion of the pipe. After we had the pipe in the scene, we created a 

function that applied a transformation on the object. We included a matrix in the input file and 



 

modified the argument class to read the transformation matrix. Once we had the pipe in place, 

we found the center of the pipe and the radius. We generated fluid particles with a random initial 

position within 100 units towards the front of the pipe facing the cloth. The fluid particles were 

initialized with a constant initial velocity that we tweaked to look correct. 

 

5.5  Collision Detection Between Water Particles and Cloth Particles  

After the pipe and water source were incorporated into the simulation, the collision 

between the water particles and the cloth was implemented. Since this collision is between 

particles and mesh, the main part of the implementation is checking if a point is on a plane and 

if the point is inside the three points organized on this plane. To check if a point is on this plane, 

we used the general equation of a plane: ax + by + cz + d = 0.  

In this equation (a,b,c), the normal vector of this plane can be calculated by taking the 

cross product of two vectors. The parameter d can be derived by substituting the third point into 

this equation. For every time step, the program will iterate through every fluid particle and every 

cloth particle to check if the fluid particle collides with any cloth particles. If so, the water 

particles will be added into the cloth particle and will be deleted from the fluid source. This 

method isn’t accurate, since there are multiple cloth particles that share the same plane, so an 

additional check will be introduced. We used a method derived 

from barycentric coordinates to solve this problem. This method 

can check if a point P is inside a triangle by checking the 

difference between the area of the original triangle and total area 

of three small triangles formed by the point and the three 

vertices of the triangle as shown in Figure 3 . If the total area of the 

three small triangles equals the original triangle, P is on the plane of the triangle.  With those 



 

two checks, the program can be guaranteed to detect the collision. However, some of the water 

particles might go directly through the cloth. This is caused by a rounding error from the above 

method. The result of the sum of the triangles is not always zero; sometimes the result will be 

slightly larger than zero, so an error, Epsilon, is needed.  

5.6 Cell Overflow Handling 

In this part we implement leaking and bouncing back to 

handle overflow. Overflow happens when a cell get a large 

amount of fluid and can’t distribute fluid particles to its 

neighbors immediately. Leakage could happen at this point. 

The amount of fluid that leaks out at every time step from the 

cloth particle is depended on the amount of water left in that cell and the rate of fluid diffused 

into surrounding cells. To make the program more realistic, we make the visualization of the 

leakage from the lowest point of the cloth. Bounceback will happen when fluid particles from the 

fluid source hits an overflowing cell. The outcome velocity of the particle that is bounced back is 

dependent on the incoming velocity and the normal of the plane. The formula is : 

R = V - 2(V * N) N  (Figure 4 ) 

However, if the outgoing velocity is calculated this way, the cloth particles will all bounce back to 

the same direction which doesn’t look realistic. We add an additional randomness into the 

bounceback direction which makes the cloth particles splash in all directions.  

6. Results and Known Bugs 

Our program can generate correct visual results on different test scenes. We test it with 

different shapes of cloth and different orientations of the cloth which proves the flexibility of our 

simulation. After hours of testing, we found the values for all parameters that generate most 



 

realistic results. In the test scene shown in Figure 5 , it is noticeable that when the fluid particles 

enter the cloth, the shape of the cloth will change according the distribution of the fluid particles. 

Also, after the fluid particles leak out, the cloth will change back to it’s original shape and 

become lighter in color.  

        

 

 

 

If the parameters are changed in this program, different effects can be generated. In 

Figure 6 , we turn off the ability to absorb fluid. The fluid will just stay on the surface of the cloth 

and bounce back and forth. For every single bounce, the velocity of the fluid particles will 

decrease; at the end, the particle will reach a static point. 

In Figure 7 , we turn of the ability to leak. As a result, it takes longer for the cloth particle 

to diffuse the fluid particles and reach a balanced point. The deformation of the cloth becomes 

more severe and almost not realistic.  



 

In Figure 8 , we turn off the bounceback. This makes the cloth particle receive fluid from 

extremely heavy sources and leakage happens on this cloth particle which didn’t happen in the 

previous test. In addition, the diffusion of water particles becomes slower. 

 

  

7. Comparison to Similar Simulations  

We compared our results to the results of Huber et 

al. [2] as shown in Figure 9. Our expected outcome 

was aligned with the results of the paper, however 

water doesn’t always flow in such a clean way as 

seen in the image on the right. Our result on the 

left, is for a more random, and realistic spill. 

Huber’s results do not show leakage, but they do 

show wicking, which we did not implement. In addition, both cloth results show deformation due 



 

to mass gain, but they lack the realism seen in the simulations of Guendelman et al. [1]. Overall, 

we are satisfied with our results, but there are still many improvements that can be made. 

8. Conclusion and Future Work 

The coupling of cloth and fluid turns out to be very complicated. There are many 

parameters, such as the absorption factor, leaking rate and bouncing back rate that need to be 

specified and balanced in order get a more realistic scene. Currently, we are using a simple 

method to model fluid motion in the cloth. We didn’t consider the resistance when the fluid 

particles move in the cells. The flexibility in our program is sufficient. The user can specify 

different shapes of the cloth and different rates of the fluid source. We did a lot of improvement 

to the algorithm to get better efficiency. For example, when checking for collision, we only check 

the fluid particles in a certain range. This program can run smoothly on a 2013 MacBook Air 

with 23 times 23 cloth nodes and generating 300 fluids particles every second.  

In the future, we want to change the stiffness of the cloth when it gets wet. This can be 

done by relating the spring factor to the weight of the particles that it connect to.  We didn’t 

implement the kinetic energy exchange between cloth and fluid particles when collision happens 

so the when the fluid particles hit the cloth, the cloth won’t deform. This can be implemented by 

using Newton’s second rule and energy conservation. Since we only use a naive 

implementation of the movement of the fluid, the motion of fluid is not realistic and has a fixed 

pattern. We would like to incorporate Navier-Stokes into our system, so the motion of the fluid 

will be more natural. As fluid particles go through the cloth, it will become wet, but we didn’t 

implement the cloth drying. In other words, the cloth will retain a small amount of water to make 

it look correct. In the future, we would like to dry the cloth after some time. One last feature that 

we can extend in our program is wicking, which is another step towards a realistic looking cloth.  

 



 

9. Submission Details 

This project took roughly 30-40 hours to complete.  

Sensen’s Contribution:  

● Particle Collision Detection 

● Particle Diffusion 

● Leaking 

Zhiyang’s Contribution 

● Merging Cloth and Fluid Models 

● Setting up Absorption 

● Bounceback 
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