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Fluid Flow in porous 3D media

Re = 0.01 Re = 100



David Potter
"Computational
Physic", PWN 1977



And I found 
these images

From 1967, 
Harlow & 
Shannon, The 
Splash of 
Liquid Drop 
paper*

"I want to see 
it animated..."

Paper:
https://uniwroc-my.sharepoint.com/:b:/g/personal/maciej_matyka_uwr_edu_pl/EZwNukQ7W7dHuWyL5WrQ1E0B9dqSQ7uiI_8JQwRPXnxM7A?e=xWzsO 3

https://uniwroc-my.sharepoint.com/:b:/g/personal/maciej_matyka_uwr_edu_pl/EZwNukQ7W7dHuWyL5WrQ1E0B9dqSQ7uiI_8JQwRPXnxM7A?e=xWzsO3
https://uniwroc-my.sharepoint.com/:b:/g/personal/maciej_matyka_uwr_edu_pl/EZwNukQ7W7dHuWyL5WrQ1E0B9dqSQ7uiI_8JQwRPXnxM7A?e=xWzsO3
https://uniwroc-my.sharepoint.com/:b:/g/personal/maciej_matyka_uwr_edu_pl/EZwNukQ7W7dHuWyL5WrQ1E0B9dqSQ7uiI_8JQwRPXnxM7A?e=xWzsO3
https://uniwroc-my.sharepoint.com/:b:/g/personal/maciej_matyka_uwr_edu_pl/EZwNukQ7W7dHuWyL5WrQ1E0B9dqSQ7uiI_8JQwRPXnxM7A?e=xWzsO3


Marker and cell method

• Particles on grid (PDE + interface tracking)
• Full, explicit Navier-Stokes solver
• Developed at Los Alamos T4 group

(The Physics of Condensed Matter and Complex Systems group)
• The report was not easily accessible (public release at that time)



The MAC report
LANL

Welch, J. E., Harlow, F. H., Shannon, J. P., & Daly, B. J. (1965). 
The MAC method-a computing technique for solving 
viscous, incompressible, transient fluid-flow problems 
involving free surfaces (No. LA-3425). Los Alamos Scientific 
Lab., Univ. of California, N. Mex..



This is how the code was released



12 months later...

(1st year student, 
thousands of lines of C++, 
hours in the lab afternoons)



Msc: (2 years later - C++ 
     implementation of free-surface flow)Original fluid C code.

Fluid v 1.0 – The MAC Method implementation



Why am I here?

• >25 years of experience in programming (demoscene)
• Assembler (MC68020), C, C++, Python, JavaScript 
• Teaching programming for years
• Book on Computer Simulations (2 editions) 
• Book "C++ Combinations" - for lectures
• Everything went smoothly, then...



2025





We are wittnessing 
paradigm shift in programming:

Languague Models



Bigram – simple languague model

• Build probability table from large text
• „What letter is after given letter”
• Step by step prediction:                    P(„M”|”y”) = 70%

P(„M”|”e”) = 65%
…
P(„M”|”x”) = 0.0%

Examples:
 1-bigram
  K-bigram 

RUN-UW/llm_GPT5_01_single.html
RUN-UW/llm_GPT5_01_single.html
RUN-UW/llm_GPT5_01_single.html
RUN-UW/llm_GPT5_02_K.html
RUN-UW/llm_GPT5_02_K.html
RUN-UW/llm_GPT5_02_K.html


What makes it Large Language Model 
(LLM’s)?
• Tokenizer
• Neural networks (RNN, LSTM, Transformer)
• Large context, abstraciton levels, multi abstraction connections, 

agents…



What is prompting? Game example.

• Look on the picture, remember it.
• Describe it to someone else.
• He/she draws it.
• Compare them.
• This game is super-complex – it just looks simple!



Why is it hard?

• Imagine you didn’t see what you describe.

• Usually we want to describe picture that we don’t know!
(problem)

• Hallucinations?



My first day with DeepSeek

Write a JavaScript program that simulates Poiseuille flow in a channel 
using the LBM method and presents the results in the form of a velocity 
field with white where the velocity is highest and black where the velocity 
is 0. Let the simulation take place in a periodic system on the x-axis 
with no-slip conditions on the top and bottom walls. Let gravity be the 
force driving the flow.
(*originally in polish)



Deep Seek

• A process of "deep thinking" has been introduced.
https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468

https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468
https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468
https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468
https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468
https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468
https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468
https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468
https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468
https://chat.deepseek.com/a/chat/s/7d6d12bc-13db-4ed4-936f-037e4e46d468


• Add particles, etc.



Calculate tortuosity...

• https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b

https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b
https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b
https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b
https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b
https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b
https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b
https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b
https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b
https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b
https://chat.deepseek.com/a/chat/s/ea195f53-8384-404b-bd1f-203da3b69b5b


Tortuosity in porous media

Matyka, M., Khalili, A. and Koza, Z.,
Tortuosity-porosity relation in the porous media flow,
Phys. Rev. E 78, 026306 (2008)

http://ift.uni.wroc.pl/~maq/papers/matyka08.pdf
http://ift.uni.wroc.pl/~maq/papers/matyka08.pdf
http://ift.uni.wroc.pl/~maq/papers/matyka08.pdf
http://ift.uni.wroc.pl/~maq/papers/matyka08.pdf
http://ift.uni.wroc.pl/~maq/papers/matyka08.pdf
http://ift.uni.wroc.pl/~maq/papers/matyka08.pdf
http://ift.uni.wroc.pl/~maq/papers/matyka08.pdf
http://ift.uni.wroc.pl/~maq/papers/matyka08.pdf


Tortuosity calculator in GPT
Write simulation of Lattice Boltzmann Method in a channel with periodic conditions in 
the x-axis and no slip on top and bottom walls. Fluid is accelerated by gravity in x direction. 
Visualize the flow using 4000 massless particles following the velocity field. Please put 
randomly scattered impermeable obstacles of various shapes and similar sizes in the 
channel until porosity 0.7 (calculated from whole domain including these obstacles and 
empty pore space). Remove particles that penetrate obstacles. The application is written in 
a single JS HTML file. During computation calculate the tortuosity from velocity field, 
Reynolds number and permeability. Add a sliders so that user can change the external 
force from some minimum to maximum in a reasonable range. Remove particles that hit 
obstacle and place them randomly in the flow domain. At each time step recalculate the 
steady state condition as maximum change of velocity field between two timesteps at 
times t and t+50 computed consecutive in each cell in the flow simulation. Display it as 
single number similarly to other data. Add a button to randomize the configuration of 
obstacles and slider to vary overall porosity of configurations generated using that button. 
Add slider to control delta time used for massless particle time integration in animation 
(from 0.1 to 3.0 with step 0.1).



RUN___SHOW_LBM_REASONING-01.html

file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM-01-REASON.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM-01-REASON.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM-01-REASON.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM-01-REASON.html


LLM AI results in RED

Matyka, M., Khalili, A. and Koza, Z., 
Tortuosity-porosity relation in the porous media 
flow, Phys. Rev. E 78, 026306 (2008)



Non-overlapping obstacles

RUN: non-overlapping-002.html

file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-NON-OVERLAPPING/non-overlapping-002.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-NON-OVERLAPPING/non-overlapping-002.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-NON-OVERLAPPING/non-overlapping-002.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-NON-OVERLAPPING/non-overlapping-002.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-NON-OVERLAPPING/non-overlapping-002.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-NON-OVERLAPPING/non-overlapping-002.html


Non-overlapping obstacles



Is DeepSeek the only choice?

• Problems (server is busy) 
• GPT DeepThinking -> response for DeepSeek
• free o3 model – released a few days after DeepSeek... 

• Now we also have:
GPT5, Claude, Gemini, GROK, Bielik(PL), Ernie (!), Qwen (!)...



Limitations?



Where is the limit?
• "Make them rotate”

https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c

https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c
https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c
https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c
https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c
https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c
https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c
https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c
https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c
https://chat.deepseek.com/a/chat/s/24d4c475-7499-4969-9c00-f5ef836bf54c


“Make it 3D”…

RUN: LBM3D-02-OBSTCLES.html

file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM3D-02-OBSTCLES.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM3D-02-OBSTCLES.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM3D-02-OBSTCLES.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM3D-02-OBSTCLES.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM3D-02-OBSTCLES.html
file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/_AI/LBM-KRAKOW-SHOW/LBM3D-02-OBSTCLES.html


The concept of single prompt

• Chats are linear (context length)
• Branching ideas
• The value is in the final prompt

Problem (i.e. chat first prompt)

Solution (i.e. computer program)



Abstraction level of prompts matters

• Level 1: solve the problem..
• Level 2: write a program..
• Level 3: implement program with specific method..
• Level 4: use set of algorithms
• Level 5: remember about this and that detail



Material from 
Computational Modelling with Single Prompts
• 64 models, e.g.

o ...
oModel 3: The Game of Life
oModel 15: Ising (phase transition)
oModel 42: Granular material with static friction
oModel 53: SPH, hydrodynamics
oModel 63: Jetpack: a computer game with physics
o…



Prompt 15. Ising Model

Write a program in a single JS/HTML file that simulates the following model: We are working in a 120x80 array with periodic 
boundary conditions. 

Step 1. Fill the array with +1 values. 

Step 2. Randomly select one of the cells from the array. 

Step 3. Invert the sign of the selected cell and count the induced energy change "DE" (directly from the Hamiltonian H = -J 
\sum_{i,j} s_i s_j), where s_i is the selected cell and j runs over its nearest four neighbors. To do this, you need to count the 
energy before and after changing the value in the cell. 

Step 4. If DE < 0 -> accept the change. If DE > 0 -> accept the change with probability exp(-BETA * DE). - Repeat steps 2-4 1000 
times before visualizing the array and counting the magnetization. 

Step 5. Visualize the array as a black-and-white board (five times larger for better visualization). 

Step 6. Go back to step 2. Assume J=1, BETA=1/T, where T is the temperature. Allow the user to change T (slider), reset to the 
initial state with all values set to +1 (button), with the graph cleared and the step set to 0. Live monitor (graph) the magnitude of 
M as the average of the values from all cells in the array. Print under the graph the current properties, M, step, etc. 

Additional task: Add a button to add the current properties to the text box, where the results are stored in the form: T <|M|>. The 
average of the absolute values of magnetization <|M|> should be taken from 40 previous configurations, 20 MC steps apart each  
(reminder: 1 MC step = 1000 swap trials) - so you need to remember these values, and the minimum number of steps should be 
40*20. Add a "Draw graph" button that draws the values from the text box as a separate graph of T(<|M|>) along with a line-
drawn theoretical solution of the Onsager function M=(1-sinh(2.0/T)^(-4.0))^(1.0/8.0).

(Claude 4.1 Opus)
RUN: Ising book

Example 1: Ising Model

file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/__MODELOWANIE_KNIGA/EN/Software/15%20Ising%20Model/Ising-Claude4.1.html


Results

Spin configuration (left) and phase transition (right) 
In line with the theory!



Is it possible to do something new?

• Ballistic deposition model -> drawing (whiteboard)
• "Deliberately wrong"
• Not found in literature
• Verbal description INSTEAD of a program/algorithm



Ballistic deposition model
Write a program in JS/HTML: 
1- Work on a WxH grid, with integer values of 0 or 1 
2- Place an embryo in the center of the grid 
3- Randomly select a point on a circle with center at the center of the layout and 
radius W 
4- Trace the radius from the drawn point to the center of the layout (iteratively, move 
along the unit vector in that direction multiplied by dx/2, where dx is one pixel). Find 
the cell of value 1 in which the ray strikes first. Fill in the cell from which the ray 
came by hitting that cell 
5- Return to step 3. Finish if the radius of the resulting cluster reaches W/2. 
6- Draw the cluster on a canvas of size bWxbH, black color 1, white color 0 
7- Let the user choose W, H, dx, and b. Additionally, optimize your code by taking 
into account the current cluster radius at the center (e.g., shoot rays from a circle 
with a radius slightly larger than the current cluster radius, perform adaptive steps, 
etc.).

RUN: Deposit book

(drawing on whiteboard)

file:///Users/maq/Library/CloudStorage/OneDrive-UniwersytetWrocławski/__MODELOWANIE_KNIGA/EN/Software/34%20Ballistic%20deposition%20(cluster)/ballistic-GrokExpert.html


Result: this 
model does 
not exist in 
the literature!

(Grok Expert)



Beyond single prompts?
• Multi-prompting, prompt injection, new methodologies
• prompt engineering – (see one shot prompts on IBM 

website)
• Local models: OpenRouter.ai, Ollama, Gemma…
• MPC (Model Context Protocol) – tools written for LLM's
• LangGraph - agent orchestration
• https://github.com/CrazyMocks/TalkingLLMs 

(talking LLM’s Szymon Kaczmarczyk)
• OpenClaw, Nanobot - local computer agents

https://github.com/CrazyMocks/TalkingLLMs
https://github.com/CrazyMocks/TalkingLLMs


CFD in Wrocław #13 (invitation for you too!):
- 19 June 2026, 9.00–14.00
- 1-day event
- Faculty of Physics and Astronomy (Borna 9)

- Lectures on computational fluid dynamics
- No fee
- Experts from Wrocław and beyond
- Fluids in Single Prompts (lecture on LLMs)



Thank you for your attention*!
Contact: maciej.matyka@uwr.edu.pl

http://ift.uni.wroc.pl/~maq/

(* thanks to Szymon Kaczmarczyk for supporting this talk!)

mailto:maciej.matyka@uwr.edu.pl
http://ift.uni.wroc.pl/~maq/
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