{} []

ID Pressure QOutput

{{
Validated Pressure: {},
Valldated Pressure: [],
H 9

r SIMULATER OUTPUT _I

i Simulation Result: OK i
(_

{

Filtering application,
logic application

}

Agentic Engineering
with NeqSim

Synthesizing natural language intent

with rigoerous physical simulation. [ (1 i
3 Q nergy output - 06
H
s y ' HD Geometry Outputw
:
Topics for presentation : } j
1. Demonstration of tools and steps in solving an engineering task { N }
nergy Output [Verified)

2. Description of agentic engineering using NeqSim
3. Demonstration of a task — CNG tank technology



Diagnostic Comparison

. Commercial . .
Aspect Manual Coding Sirulators Agentic NeqSim
Learning Curve Steep (Leam Maderate (Leamn Low (Natural Language)

API) GUI)
Standa!rds Manual lookup SemaBUiRn Agent loads applicable
Compliance standards
- Poor (GUI state Excellent (Notebook +

Reproducibility Good (Code) lost) Task Folder)
Report Automated Word +
SN Manual Manual export HTML
Physics Rigor Full Control Vendor-validated Full{Same Neqsim

Engine)

A NotebookLM



Tools used in this workflow

e GitHub (with GitHub user account)
* Github Copilot (or Claude Code) with access to LLMs such as ChatGPT, Claude or Gemini
* Visual Studio Code (or other IDE) alternatively access to CodeSpaces for Cloud

O Platform Solutions

Al GitHub Copilot

Command your craft

Your Al accelerator for every workflow, from the editor to the
enterprise.

Use an agent See plans & pricing

Already have Visual Studio Code? Open now

GitHub Copilot - Your Al pair programmer GitHub



https://github.com/features/copilot
https://github.com/

Workflow: Task solving and NeqSim development

1. Engineering

2 2. Al
Task gg’ Orchestration

STEP 1:
Research with
Google NotebookLM

Conduct initial literature
searches using open-
source information to
build a comprehensive

knowledge base.

@ 3. NeqSim
Physics Core

NegSim
API

-y
@K@)

GitHub
Copilot

STEP 3:
Iterative Result
Evaluation

7
©.0

GitHub  Claude
Copilot Opus 4.6

Use GitHub Copilot and
Claude Opus 4.6 to
evaluate results and

refine the analysis through
continuous iterations.

STEP 4:
Final Technical
Writing

Claude  GitHub
Opus4.6 Copilot

Synthesize all findings
into a professional
technology assessment
using Claude Opus 4.6
and GitHub Copilot.



Part 1.
Demonstration of tools and steps in solving an engineering task

(@ Home Documentation v Guides v ) GitHub

Introduction to Agentic Engineering with NeqSim

A comprehensive introduction to using Al agents for engineering calculations and process simulation with NeqSim. Explains what agentic
programming is, why it matters for engineers, the architecture of NeqSim's agent system, and how to get started from scratch.

Q Search documentation... ctrl+K

Introduction to Agentic Engineering with NegSim

This guide explains how NeqSim combines Al agents with a

rigorous physics engine to solve engineering problems. It is SIERT: ey
written for engineers and scientists who are new to Al-
assisted workflows and want to understand both the 1. The Problem: Al Alone Cannot Do

concepts and the practical tools. B

2. What is Agentic Programming?

What you will learn:
Key Concepts

e What agentic programming means and why it matters Why Agents Instead of Scripts?

Web page



https://equinor.github.io/neqsim/integration/ai_agentic_programming_intro.html

Clone NeqSim repo to local machine (and open in Visual Studio Code on local machine) or click
Code button and create a new Codespace (Visual Studio Code will open in web browser)

°
= O equinor / neqsim Q Type (/] to search 8 ~ +- O 1 8 &8 g I
<> Code (©) Issues 64 11 Pull requests 34 L) Discussions () Actions [ Projects [0 Wiki @ Security [~/ Insights 3 Settings
1" neqsim Public 57 Edit Pins ~ & Unwatch 6 ~ Y Fork 40 v Starred 103 v
F master ~ £ 148 Branches © 128 Tags Q Gotofile t —+ <> Code ~ About &3
Local Codespaces NeqSim is a library for calculation of
§ EvenSol delete v fluid behavior, phase equilibrium and
Codespaces + process simulation

B .config docs: improve

Your workspaces in the cloud
¢ equinor.github.io/neqsimhome/

»

B .devcontainer updat codesp

On current branch

processing java thermodynamics
M .gemini update automatic pancake ® Active oo equation-of-state  fluid-properties
master* Uncommitted changes process-simulation physical-properties
I github update agent:
sturdy broccoli 3 pvt oil-and-gas phase-equilibrium
W LN ]
8 mvn/wrapper field developr gas-transport gas-production
master No changes
M .openapi Implement fré  efactored dollop 3w eee J Readme
o master  No changes - i
B .vscode fix file issue (# J &8 Apache-2.0 license
B | . ] sturdy zebra Expiring in Tw = & Code of conduct
evtools Update tasks N
P master* Uncommitted changes Ay Contributing
M docs update agent: &8 Security policy

NegSim home page

On nther hranchec

A 1l la. .


https://github.com/equinor/neqsim

Step 1. Define a task in the chat window

@ H @ @ BYE OGNS

®
€3

> Codespaces: automatic pancake zé master* (:) s 2% Launchpad X0 /A8

EXPLORER

v NEQSIM [CODESPACES: AUTOMATIC PANCAKE]

.github
.mvn
.openapi
venv
.vscode
devtools
docs
examples
scripts

Src

VoV OV VWV VWV VYV VYWV

target

Vv task_solve

Vv 2026-03-25_detailed_mechanical_design_of met...

> figures
> stepl1_scope_and_research
> step2_analysis
Vv step3_report
> _eq_images
@ generate_report.py
@ Report.docx
<> Report.ntml
® README.md
results.json
> TASK_TEMPLATE
® README.md
N flattened-pom.xml
€ gitignore
¥ AGENTS.md

I' azure-oipelines.vml
> OUTLINE

> TIMELINE
> JAVA PROJECTS
> MAVEN

& neqsim [Codespaces: automatic pancake] c v

Open Chat
Show All Commands

Toggle Terminal

@ 10 Git Graph

Ctrl + Alt + |
Ctrl + Shift + P

Ctrl + @

CHAT +v & | DX

& DESIGNING A METHANE COMPRESSOR SYSTEM

make a task doing a design a a compressor compressing methane from 10 bar to 25 bar with flow rate 10000 kg/hr. Make a
detialed mechanical deisgn.

Optimizing tool selection...

Reviewed 4 files

| am setting this up as a Type F design task and will now create the mandatory task folder first, then populate scope, analysis notes, and a
runnable compressor mechanical-design notebook with verification outputs and report generation. Next | will verify the exact
compressor feasibility/mechanical APIs in source before writing the notebook so the workflow runs end-to-end.

Ran python devtools/new_task.py "Detailed mechanical d...

The task workspace is created successfully under task_solve and | will now read its README plus the scaffolded Step 1 files, then build a
standards-based compressor design notebook and generate results and report outputs.

Reviewed 4 files

| have the scaffold and next | am validating the exact compressor and mechanical feasibility APIs in source code so the notebook uses
only confirmed method signatures and can run without guesswork.

Executed commands in terminal for Compressor design analysis

Ripgrep is unavailable in this container, so | am switching to find/grep for API verification and then I will fill the task specification and
build the notebook with the confirmed signatures.

Executed multiple grep commands for compressor classes

| confirmed the compressor and feasibility classes exist; now | am reading the key method blocks to safely script the notebook outputs
and detailed design tables without APl mismatches.

Describe the engineering task — e.g., 'JT cooling for rich gas at 100 bara’, 'TEG dehydration sizing for 50 MMSCFD wet gas', 'hydrate forn

+  solve engineering task ¥ Auto v

3 Local v Autopilot (Preview) v

Java: Lightweight Mode E’é Layout: Norwegian ~ [$



Step 2. Add data and literature and background info

< G

() https://automatic-pancake-pgvqrpg94gqghrp65.github.dev

neqsim [Codespaces: automatic pancake]

0
= EXPLORER
@ > examples 2
> scripts
O\ > src i ’
> target 4
g'& Vv task_solve 5
v 2026-03-25_detailed_mechanical_design_of_methane._... 6
& > figures 7
Vv step1_scope_and_research
EB v references #
| © READMEmd o
g ¥ analysis.md
¥ neqsim_improvements.md 10
@ ¥ notes.md
¥ task_spec.md 11
@ V@st(;?tZk_eaeI:Iyms 15
' 13
B 01_methane_compressor_mechanical_design.ipynb 14
@ ¥ notes.md 15
V' step3_report
Pe > _eq_images 16
@ generate_report.py 17
@ Report.docx
<> Report.html 18
® README.md 19
results.json 20
> TASK_TEMPLATE
@ READMEmd 21
N flattened-pom.xml 99
@ > OUTLINE 23
> TIMELINE 24

> JAVA PROJECTS

€§3 25

> MAVEN

® READMEmd X

J @

# References Folder

Place literature papers, standards documents, and other
reference material here.

## What to put in this folder

- **PDF papers** -- journal articles, conference papers,
technical reports

- **Standards excerpts** -- relevant sections from ASME, API,
DNV, ISO, NORSOK, etc.

- **Company documents** -- TR documents, design basis,
operating philosophy

- **Data sheets** -- equipment data sheets, material
certificates

- **Lab reports** -- PVT reports, fluid analysis, corrosion

test results
## How the AI uses these files

1. **Google NotebookLM (recommended for PDFs):** Upload the
PDFs from this
folder to NotebookLM. It can read, cross-reference, and
cite multiple
documents at once. Ask it targeted questions and paste the
answers 1into
"notes.md’.

2. **YS Code Copilot Chat:** Copilot can read text-based files
(C.txt™, T.md,
“.csv') placed here. For PDFs, extract key sections as text
or summarise
them in "notes.md” so the AI can reference the content.
3. **Manual notes:** Read the papers yourself and capture key
equations,
data points, and design rules in “notes.md™ under the

"l S+Aanatiina 2

> Codespaces: automatic pancake Z& master* ) o  $2¢” Launchpad X0/ 8 @ 10 Git Graph Java: Lightweight Mode

B A ) & i
v I BRI )

CHAT

" NEQSIM [CODESPACES: AUTOMATIC PANC... (& €8 C (&) gn_of methane_compressor_10_to_25_bara_a... > stepl1_scope_and_research > references > () README.md . & DESIGNING A METHANE COMPRESSOR SYSTEM

make a task doing a design a a compressor compressing methane from
10 bar to 25 bar with flow rate 10000 kg/hr. Make a detialed mechanical
deisgn.

Optimizing tool selection...
Reviewed 4 files

| am setting this up as a Type F design task and will now create the mandatory
task folder first, then populate scope, analysis notes, and a runnable compressor
mechanical-design notebook with verification outputs and report generation.
Next | will verify the exact compressor feasibility/mechanical APIs in source
before writing the notebook so the workflow runs end-to-end.

Ran python devtools/new_task.py "Detailed mechanical d...

The task workspace is created successfully under task_solve and | will now read
its README plus the scaffolded Step 1 files, then build a standards-based
compressor design notebook and generate results and report outputs.

Reviewed 4 files

| have the scaffold and next | am validating the exact compressor and
mechanical feasibility APIs in source code so the notebook uses only confirmed
method signatures and can run without guesswork.

Executed commands in terminal for Compressor design analysis

+ ®© READMEmd

Describe the engineering task — e.g., 'JT cooling for rich gas at 100 bara’, 'TEG ¢

—o

+ solveengineering task ¥ Auto ¥ =

2 Local ¥ £ Autopilot (Preview)

Ln1,Col 1 Spaces:3 UTF-8 LF {} Markdown & Layout: Norwegian [%



Step 3. Jupyter (python code) will be made with calculations and documentation.
Iterate add more calculations. Use chat to iterate and add new evaluations. Alos ask
to improve or implement new NegSim functionality.

BAY &=
0SS0

& O O httpsy//automatic-pancake-pgvqrpg94gqghrp65.github.dev

neqsim [Codespaces: automatic pancake] C:: ¢

EXPLORER

hane_compressor_10_to_2... > step2_analysis > B 01_methane_compressor_mechanical_design.ip

CHAT

<&~ DESIGNING A METHANE COMPRESSOR SYSTEM

B 07_methane_compressor_ mechanical_design.ipynb X

v NEQSIM [CODESPACES: AUTOMATIC PANCAKE]

> figures
Vv step1_scope_and_research
> references

¥ analysis.md

¥ negsim_improvements.md
¥ notes.md

¥ task_spec.md
vV step2_analysis

® _gitkeep

B 01_methane_compressor_mechanical_design.ipynb
¥ notes.md
Vv step3_report

> _eq_images

S H @ @O@H BV OO N8

@ generate_report.py
@ Report.docx
<> Report.html
® README.md
{} results.json
> TASK_TEMPLATE
® README.md
N flattened-pom.xml
© gitignore
> OUTLINE
> TIMELINE
> JAVA PROJECTS
> MAVEN

®
€3

Vv 2026-03-25_detailed_mechanical_design_of_methane._...

[1]

Thermodynamic and
Mechanical Design

This notebook performs a detailed screening-level mechanical design
for methane compression from 10 bara to 25 bara at 10000 kg/hr
using NegSim.

Design basis:

* Gas: methane 100 mol%

e Suction pressure: 10 bara

¢ Discharge pressure: 25 bara

* Flow rate: 10000 kg/hr

e Inlet temperature: 25 C

* Base isentropic efficiency: 0.78

¢ Design references: APl 617, ASME VIII Div 1, ASME B16.5, NACE
MRO175 screening

import
import
import
import
import
import

subprocess
sys

pathlib
json

Python

> Codespaces: automatic pancake Z@ master* () o L2¥ launchpad ®O0A9 W10 GitGraph 2 Java: Lightweight Mode

7 uouls
» ecripis % Generate —+ Code -+ Markdown £ venv (3.12.13) (Python 3.12.13)
> scripts =T make a task. doing a design a a compressor comPressing methane frf)m 10 bar
N to 25 bar with flow rate 10000 kg/hr. Make a detialed mechanical deisgn.
src v
. Methane Compressor
V task_solve Optimizing tool selection...

Reviewed 4 files

| am setting this up as a Type F design task and will now create the mandatory task folder
first, then populate scope, analysis notes, and a runnable compressor mechanical-design
notebook with verification outputs and report generation. Next | will verify the exact
compressor feasibility/mechanical APIs in source before writing the notebook so the
workflow runs end-to-end.

Ran python devtools/new_task.py "Detailed mechanical d...

The task workspace is created successfully under task_solve and | will now read its
README plus the scaffolded Step 1 files, then build a standards-based compressor design
notebook and generate results and report outputs.

Reviewed 4 files

| have the scaffold and next | am validating the exact compressor and mechanical
feasibility APIs in source code so the notebook uses only confirmed method signatures
and can run without guesswork.

Executed commands in terminal for Compressor design analysis
Ripgrep is unavailable in this container, so | am switching to find/grep for API verification

+ B 07_methane_compressor_mechanical_design.ipynb « Cell 1

Describe the engineering task — e.g., 'JT cooling for rich gas at 100 bara', 'TEG dehydratic

+  solve engineering task ¥ Auto ¥ =

3 Local ~ £ Autopilot (Preview)

Spaces: 4 E’é Cell 10f37 Layout: Norwegian [



Step 4. Reports are made in word or html format. Iterate to improve the report and
add sections and calculations to improve the report.

& G | O httpsy//automatic-pancake-pgvqrpg94gghrp65.github.dev

5
&
&
I

®

EXPLORER

Vv task_solve

Vv 2026-03-25_detailed_mechanical_design_of_methane._...

Vv step1_scope_and_research

¥ analysis.md

¥ negsim_improvements.md
¥ notes.md

¥ task_spec.md

Vv step2_analysis

® gitkeep

@ 01_methane_compressor_mechanical_design.ipynb

¥ notes.md
Vv step3_report
> _eq_images

@ generate_report.py

&

neqgsim [Codespaces: automatic pancake]

F Report.docx

® |
@
2

®
€3

<> Report.html
® README.md
results.json
> TASK _TEMPLATE
® README.md
N flattened-pom.xml
¢ gitignore
¥ AGENTS.md
I' azure-pipelines.yml
¥ CHANGELOG_AGENT_NOTES.md
¥ CODE_OF_CONDUCT.md
CODEOWNERS
¥ CONTEXT.md

> OUTLINE

> TIMELINE

> JAVA PROJECTS
> MAVEN

(1)2 3 4

@ Report.docx X

“ NEQSIM [CODESPACES: AUTOMATIC PANC... (& Ca C ) 5_detailed_mechanical_design_of_methane_compressor_10_to_25_bara_a... > step3_report > B Report.docx

Detailed mechanical de-
sign of methane com-
pressor 10 to 25 bara at
10000 kg/hr

C>

Author: GitHub Copilot

Date: 2026-03-25

11 > Goto Page

> Codespaces: automatic pancake gé‘; master* (:) Ao 2« Launchpad 0 /A8 W10 Git Graph Java: Lightweight Mode

® A w0 Gl § -
N lc OB ([

CHAT +v & - | DX

<~ DESIGNING A METHANE COMPRESSOR SYSTEM

make a task doing a design a a compressor compressing methane from
10 bar to 25 bar with flow rate 10000 kg/hr. Make a detialed mechanical
deisgn.

Optimizing tool selection...
Reviewed 4 files

| am setting this up as a Type F design task and will now create the mandatory
task folder first, then populate scope, analysis notes, and a runnable compressor
mechanical-design notebook with verification outputs and report generation.
Next | will verify the exact compressor feasibility/mechanical APIs in source
before writing the notebook so the workflow runs end-to-end.

Ran python devtools/new_task.py "Detailed mechanical d...

The task workspace is created successfully under task_solve and I will now read
its README plus the scaffolded Step 1 files, then build a standards-based
compressor design notebook and generate results and report outputs.

Reviewed 4 files

| have the scaffold and next | am validating the exact compressor and
mechanical feasibility APIs in source code so the notebook uses only confirmed
method signatures and can run without guesswork.

Executed commands in terminal for Compressor design analysis

+ & 07_methane_compressor_mechanical_design.ipynb « Cell 1
Describe the engineering task — e.g., 'JT cooling for rich gas at 100 bara’, 'TEG ¢
—o

+  solve engineering task ~  Auto v

(J Local ¥ £ Autopilot (Preview)

E’é Layout: Norwegian ~ [$



Step 5. Make a PR (pull request to update neqgsim with neqgsim functionality).
2. Add files that should be included in pull request
<

= SOURCE CONTROL

@S 3. Give som info about what you add

add compressor functions %
GITHUB PULL REQUEST

Q v create CEE

~ Changes

) ‘ i*& & pyproject.toml devtools (I + M 3 BASE  master
1. Make a new branch (give name)
S T Merce new-compressor-functions
9
TITLE
EB add compressor functions %
) O ¢ M e hersfimel] Ao nnsyAledbem ATEIEVIERN. Erme EaThoms o
> GITLENS g DESCRIPTION W €§3
»< Codespaces: automatic pancake gé‘; new-compressor-functions* ((‘g 319 FONL # Pull Request
@ Thank you for contributing to NegSim! Please complete the following
checklist before requesting review:
: : - [ 1 Confirm "./mvnw test’ runs successfully
» GRAPH E_QAUTO -\6- ‘fb G _ 1 \arifir rada farmattina icina Charcletula
I Gl >0 Cancel
ance reate Y
. docs Even Solbraa

updated docs Even Solbraa
~ FILES CHANGED
update pumps Even Solbraa

update Even Solbraa <% Copilot Code Review

update docs Even Solbraa & devtools/pyproject.toml M
update HX methods Even Solbraa

updates Even Solbraa

LNGprocessequipment Even Solbraa

uadate agents Even Solbraa

coZinjection classes Even Solbraa

Bump com.fasterxml.jackson.dataformat:jackson... < COMMITS
Bump com.fasterxml.jackson.core:jackson-datab...

fix X171 Even Solbraa

rmnachanical Aacian iinAatas (H1QAQN Coinn Callvan

€§3 > GITLENS
>< Codespaces: automatic pancake 2@; new-compressor-functions*

> O add compressor functions seconds ago



Part 2.
Description of agentic engineering using NeqSim

(@ Home Documentation v Guides v ) GitHub

Introduction to Agentic Engineering with NeqSim

A comprehensive introduction to using Al agents for engineering calculations and process simulation with NeqSim. Explains what agentic
programming is, why it matters for engineers, the architecture of NeqSim's agent system, and how to get started from scratch.

Q Search documentation...

Introduction to Agentic Engineering with NeqSim

This guide explains how NegSim combines Al agents with a

rigorous physics engine to solve engineering problems. It is SRthisnage
written for engineers and scientists who are new to Al-
assisted workflows and want to understand both the 1. The Problem: Al Alone Cannot Do

concepts and the practical tools. Engineering

2. What is Agentic Programming?

What you will learn:
Key Concepts

e What agentic programming means and why it matters Why Agents Instead of Scripts?

Web page



https://equinor.github.io/neqsim/integration/ai_agentic_programming_intro.html

), What 1s the density of methane at 200 bara and 25°C?

The Hallucination Gap

Density = X kg/m3

Equation of State

Compressibility Factor

Fugacity

Phase Stability

LLMs hallucinate physics. They
cannot solve a cubic equation of
state or evaluate phase stability.

Validated: 142.3 kg/m3

Thermodynamic rigor requires mathematical

iteration, not linguistic prediction.

The Al agent writes the code.
NeqSim runs the physics.

The Physics Engine

You get validated results.

A NotebookLM



Comparing Approaches: Intent vs. Rigor

-
- R
High /
Standalone LLMs Agentic NeqSim
g Great at understanding intent, Al interprets the intent.
Q@ terrible at thermodynamic math. NeqSim calculates the physics.
o=
= Q0
< Jo
> B i
= Standalone NeqSim /
— o
= Manual Coding
-
g Perfect physics, but requires complex
Java/Python API knowledge.
Low ;
Low X-Axis High
Physics Rigor & Accuracy =

A NotebooklLM



The Agent Catalog

@ Routing & Discovery
E aneqsim.help (—(}i—) E acapability.scout @
E Router: Analyzes requests and delegates to specialists. t Discovery: Assesses feasibility before complex tasks.
@ Engineering Specialists
athermo.fluid l% aprocess.model T @é@ aflow.assurance ” 3
Properties & Flash 5 Flowsheets Hydrates, Wax, Pipe DP
amechanical.design [t%]] @gas.quality AL asafety.depressuring @
ASME/DNV Sizing & Cost Sl ISO 6976 API 520/521
© Workflow & Productivity
% ) )
g asolve.task T asolve.process ” 1 aneqsim.test %
| L
E End-to-End 3-Step workflow Quick notebooks Unit testing

14 specialized assistants. Invoke individuaily, or let the Router commapas Y



The Development
Flywheel

The ultimate advantage of agentic
engineering. Agents don't just solve
isolated tasks—they map capability gaps
in real-time. Every solved problem leaves
behind structured code, updated
baselines, and a smarter NeqSim engine
for the next engineer.

Engineer assigns
a complex task.

New Java Agent
capability is executes,
deployed to but discovers
the Physics a missing

Engine. physics
calculation.

@capability.scout maps
the gap and writes a structured
NeqSim Improvement
Proposal (NIP).

A NotebookLM



~ The Agentic Translation Stack

Natural Language Design a compressor train

1]

‘ : . , | :
Layer 1: Agents O Q | KeylInsight

Agents do not guess

f physics. They load domain
. QL; AN, = . knowledge (Skills) to write
La er 2. Skl"S [ne sim-api-patterns (;-éx(— neqsim-in ut-valldatmn]
e S , i i executable code that calls
f the Physics Engine.

fh )

TR
R

55

| Output: Validated
| Notebooks & Reports

‘Layer 3: Physics Engine

A NotebooklM



—

Natural
Language
Prompt

—

Quick Path

{

Intermediate Path

Compressor
train design

i

@solve.process =

——

Advanced 3-Step Workflow

LTEG dehydration

per NORSOK

%;

@solve.task —>

—

r

=

1. Scope &
Research

\Z

2. Analysis &
Eval

\Z

3. Report

—)

—> task_spec.md

S Monte Carlo &
Parity Plots

S Automated
Word + HTML

E;

=

Terminal

Answer
(Seconds)

" Jupyter
Notebook &
Matplotlib

L (Minutes)

T Full
Engineering

Deliverable
. (30-60 Min)

=

-




coding or clicking.

You are no longer just

You are orchestrating an automated,

multi-disciplinary engineering firm that documents

~

Iits own work, checks its own standards, and
continuously expands its own capabilities

=

Agentic Engineering with NeqSim. High Intent. High Rigor.

~d

i
! I

N\

N

A) NotebooklLM



Part 3.
Demonstration of a task — filling and emptying a CNG tank

1. Background and Objectives

1.1 Context

B | 2 ﬁiﬂﬂrﬁii?ﬂlﬁi"e Compressed Natural Gas (CNG) is stored in high-pressure cylindrical tanks at pressures up to 250
Language Parsing [ bara. During filling (pressurisation), the gas heats up through compression work and frictional
_________ - dissipation. During emptying (depressurisation), the gas cools via Joule-Thomson expansion.
} These temperature excursions are critical for:
. I Miimbatic Rise
AI -ASSISted : ®  Structural integrity: The tank wall material (X80 carbon steel) has a minimum design metal
= 5 | temperature (MDMT) of approximately -46 °C. Gas temperatures must remain above this limit to
Englneerlng | avoid brittle fracture.
Combining LLM Reasoning with Rigorous l o |—e ggsﬁdgi;“patm" e Operational safety: Overpressure risk during filling in hot ambient conditions, and potential liquid
Thermodynamic Physics in NeqSim dropout during emptying at low pressure.
Repository: equinor/negsta | Platforn: GitHub Codespaces | ¢ Dynamic modelling: Engineers need internal heat transfer coefficient (HTC) values for control system
design and transient thermal models.
Orﬁoersktfl}aotwion Intengtiiapoing 1.2 Objectives
1. Determine gas and wall temperature profiles during tank filling (20 - 250 bar) and emptying (250 >
20 bar)
2. Derive internal heat transfer coefficients as a function of pressure, temperature difference, and
operating mode
3. Assess liquid dropout risk during depressurisation
4. Compare heat transfer model assumptions (adiabatic, calculated HTC, transient wall conduction)
5. Validate simulation inputs against independent reference data (NIST, literature)
6. Verify the physical correctness of the gas-wall temperature coupling
7. Quantify uncertainty in the minimum gas temperature through Monte Carlo simulation
8. Identify and assess risks associated with CNG tank operations
1.3 Scope

The analysis covers a single vertical CNG tank with the geometry and gas composition specified
in Section 2. The filling and emptying rate is fixed at 1783.4 Sm3/day. Ambient temperature is 15
°C (base case). No external insulation is present. The analysis uses the NeqSim

VesselDepressurization module with the SRK equation of state.



The Engineering Problem: CNG Tank Estimation

Compression Heating 3 Lo .
How hot does the gas get S = 7l Limits: -10°C to +50°C
during filling (20 to 250 bar)? = **T* =t MDMT: -46°C

i Specs: 19m tall | 1m dial

| Jeess 33.5mm X80 steel

|

:%:
|
|
= |
! I

:U_L

Expansion Cooling o
How cold does the gas get
during emptying (250 to 20 bar)? O

oy — e ——
/

O

Eit/;"i

A NotebookLM



Anatomy of the Engineer’s Prompt

Agent Routing Physics Parameters Acceptance Criteria
Invokes @solve.task & Directs Engine to use Sets hard validation
- @thermo.fluid. SystemSrkEos with | boundaries for Step 2
specific component execution.
fractions.

A NotebookLM



Executing Step 1: Scope & Research

Workspace Generated in Seconds

Task Specification

task_solve/
L — 2026-03-07_cng_tank/

Standards Applied
— stepl_scope_and_research/
task_spec.md EN 13530 (transportable equipment) & DNV GASA
'— references/ (Ship approval limits).
Methods Selected

Churchill-Chu natural convection correlation, 1-D
transient wall conduction.

Acceptance Criteria

Mass balance tolerance < 0.5%. Strict adherence to
the -10°C to +50°C thermal envelope.
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Executing Step 2: Analysis & Evaluation

DNV +50°C Safety Limit
from neqsim.thermo import fluid 50
, %5
cng = fluid('srk') ~ 40}
cng.addComponent('methane', 0.85) 5
cng.addComponent('C02', 0.054) i,
cng.setTemperature(20.0, 'C') e 301
cng.setPressure(250.0, 'bara') =
®
20 |
[ AT103ds neqsitn apEpatiems 20 50 100 150 200 250
L to write flawless engine calls. | Pressure (bar) [20 to 250]

KPI: Mass Balance Tolerance Achieved at 0.12% (Passes < 0.5% criteria).
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Executing Step 3: The Automated Deliverable

{ ’ .
"max_temp_C": 48.2, 1 Actionable Insights
"mln_temp'_'c 50 ._ﬁ 5 e - S ) < ] - Outputs PASS/FAIL

} dnv_pass'": true A A r \ At against DNV

/\/ \’\ ) criteria.
\ > | > | - Automatically sizes
= required 20°C heater
: — S
0 0 CNG 'I:ank for pressure letdown
\/\ /\/' Transient phase.
4 e Thermal k J
19 Automatically Analy31s
Generated Figures
Georgia in Deep Charcoal
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