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HVAC system for best Thermal Comfort  

Indoor Air Quality 



Factors affecting Human Thermal Comfort

Air Temperature

Air Velocity

Mean Radiant Temperature

Relative Humidity

Environmental Factors

Metabolic Rate

Clothing Insulation

Personal Factors

THERMAL 

COMFORT

Thermal Comfort of occupant is that condition of mind that expresses satisfaction with thermal environment

Occupant Thermal Comfort 



Evaluating Occupant Thermal Comfort 

Standards

ASHRAE 55

Thermal Environmental Conditions for Human Occupancy

ASHRAE 113

Method of Testing for Room Air Diffusion

ISO 7730

Ergonomics of the thermal environment

Thermal Comfort Indices

o Predicted Mean Vote (PMV)

o Percentage of People Dissatisfied (PPD)

o Draft Rating (DR) index

o Effective Draft Temperature (EDT)

o Air Diffusion Performance Index (ADPI)

o Local Discomfort

▪ Draft

▪ Vertical temperature difference

▪ Floor temperature

▪ Radiant temperature asymmetry



Democratization of Technology

Water tight geometry
Conditions

CAD Clean-up & repair Boundary layer

Result Interpretation

Only 1 out of 100 CAD designer uses

www.simulationHub.com

Computational Fluid Dynamics in his design workflow.



Business Case – HVAC Commercial Project

Building 
Owner

Architect Occupant
General 
Contractor

Compliance
Facility 
Management 



Building 
Owner

Architect Occupant
General 
Contractor

Compliance
Facility 
Management 

HVAC 
Contractor 2 

HVAC 
Designer

HVAC 
Manufacture

Technical 
Sales 

HVAC 
Contractor 1 

HVAC 
Designer

HVAC 
Manufacture

Technical 
Sales 

HVAC 
Contractor 3

HVAC 
Designer

HVAC 
Manufacture

Technical 
Sales 

Exploring different HVAC solutions 



Collecting the space layouts  

Collaborates with HVAC designer 
and manufacture

Demonstrate the proposed 
solution 

Close the deal

HVAC Contractor - Roles 

HVAC 
Contractor 

HVAC 
Manufacture

HVAC 
Designer

Technical 
Sales 

Understands the space, 
occupancy and scenarios 

Creates design 
configuration 

Performs the CFD 
simulations 

Provides the success 
scenarios to sales team 

New HVCA Systems

Evangelize the new product

Equipment Catalogues 

Performance Data 



HVAC Manufactures 



Diffuser Type

72F Thermostat

VAV

CAV Cooling/Heating Coil

VAV terminal

Blower

Supply-Return Positions

HVAC System

Single Zone

Multi Zone

Overhead Mixing

Ceiling mount

Underfloor Air

Distr ibution

Surface/

Wall mount

HVAC Systems and Design Configurations  



HVAC System Design - Multi-Objective Optimization

HVAC System 
design

Energy 
Efficiency 

Occupant 
Thermal 
Comfort

Acoustic

Capital 
Expenditure 

Operating 
Expenditure 

Resilience 

Sustainability 



HVAC Contract Process 

Building 
Owner

Architect Occupant Compliance
Facility 
Manager 

HVAC 
Contractor 

HVAC 
Designer

HVAC 
Manufacture

Technical 
Sales 

Months spend in negations and reworking 

the design to satisfy customers need 

RFP Space Use case scenario 
Proposed Design 

Config
Demonstrate Scenario 

success 
Cost Matrix 



Limitation HVAC Contractor firm  

2D CAD as a 
Reference

Can’t afford BIM No CFD Experts

No HPC 
Can’t buy expensive 

CFD Software
Laptop or Tablets  



How to win a client and contract 
with available resources ?

A solution with Three innovations



WebApp based BIM Modeler

HVAC 
Contractor 

HVAC 
Manufacture

HVAC 
Designer

Technical 
Sales 

1

HVAC 
Equipment 
Catalogue 

BIM 
Modeler 

2D 
Sketcher



A multi-devices HVAC CFD solution

HVAC 
Contractor 

HVAC 
Manufacture

HVAC 
Designer

Technical 
Sales 

Laptop Tablet
Cloud

2



Autonomous = Automation + Intelligence 

Eliminate the need of CFD expert or HPC cluster

3



Autonomous HVAC CFD



Autonomous HVAC CFD 

BIM Design Studio Design Configurator Scenario Studio Simulation Result Visualization



Autonomous HVAC CFD- Any device Anywhere



BIM Design Studio



Diffuser Type

72F Thermostat

VAV

CAV Cooling/Heating Coil

VAV terminal

Blower

HVAC System

Single Zone

Multi Zone

Overhead Mixing

Ceil ing mount

Underfloor Air

Distr ibution

Surface/

Wall mount

Design Configurations  



Scenario Studio



App Demo 
Autonomous HVAC CFD



https://youtu.be/w7pOsYVkrEY

https://youtu.be/w7pOsYVkrEY


God is in Implementation 



Building Blocks

Autodesk Forge React Planner Revit Design Automation 
SimulationHub

Web Services

ReactJS AWS DynamoDB Lambda



App Architecture

Autonomous HVAC CFD App

BIM Design 
Studio

Design 
Configurator 

Scenario 
Studio

Simulation 
Setup

Result 
Visualization

simulationHub Web Services 

Enterprise Multiple users Individual users 



simulationHub Web Services

simulationHub Web Services 

Fluid volume 
extraction API

CAD 
Simplification 

API
Meshing API Solver API Post API

PDF Report 
API

Terrain API Weather API
Real Time 

Probing API

Autodesk Forge web Services 

Viewer 
Design 

Automation 
API 

Revit IO
Model 

Derivatives

Amazon Web Services 

Cloud 
Computing 

Database

File 
Stoarage

Serverless 
computing

Authentic
ation 

Google Cloud

Maps Analytics



Cloud Platform
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Functions

Container

Service

Virtual

Machines

Autodesk Forge

Forge

Viewer

Model

Derivative

Design

Automation
Webhooks

Client-side

Code

API Code

Core

Algorithms

Design

Automation

Code

Devices

Serverless Advantage 



BIM Configurator 



BIM Design Studio- Workflow

Create BIM 
Model

Place HVAC 
Component 

Place 
Furniture 

Components

Place 
Windows 

and Doors

Create 
Building 
Spaces 

Sketch the 
BIM Model 



React Planner – Data Model 

Vertex Class

• Vertex ID

• Wall IDs

• X

• Y

Wall Class

• Wall ID

• Name

• Wall Type

• Holes

• Vertices IDs

Area Class

• Area ID

• Name

• Vertices IDs

Item Class 

• Item ID

• Name

• Rotation

• X

• Y

• Properties

Hole Class 

• Hole ID

• Name

• Type

• Wall ID

• Offset

• Properties



BIM Component Property 



Autodesk Forge Design Automation - Revit

App BundleApp Activity

Start Work-item

Revit Engine
Output



Step in Revit Design Automation

CONVERT REVIT TO DESIGN 
AUTOMATION ADD-IN

UPLOAD APP BUNDLE CREATE AND PUBLISH 
ACTIVITY

CREATE ALIASES FOR 
ACTIVITY AND APP BUNDLE 

PREPARE INPUT OUTPUT RUN WORKITEM



BIM Design Studio

Bullpen Workspace

Pantry

Conference

RoomMeeting

Room

Private

Office

Reception



BIM Design Studio



BIM Design Studio

Gypsum 

board

Face 

Brick

Lightweight 

Concrete

• Wall ID

• Wall Type

• Length

• Height

• Thickness

• Material Assembly

• Thermal Transmittance U-value

• Absorptivity

• Reflectivity

Wall Information



BIM Design Studio

Glass Window Information

• Glass ID

• Location on Wall

• Length

• Height

• Thickness

• Material Assembly

• Thermal Transmittance U-value

• Absorptivity

• Transmissivity

• Reflectivity



BIM Design Studio

Manikin Information

• Manikin ID

• Seating Layout

• Surface Area

• Position

• Metabolic Rate (MET)

• Clothing Insulation (clo)



Simulating the HVAC



Real-World Problem to a Computational Problem



BIM Model
Fluid Volume 

Extraction
Solve

Run

Mesh 

Generation

Occupant 

Thermal Comfort

Autonomous HVAC CFD



BIM to Fluid Volume
• Consumes days for analyst

• simulationHub Propriety Algorithms 

• Automatic Wet surface identification and  Extraction 

• Intelligence build to close the small gaps and extract 

the right surfaces

BIM Model

Fluid Volume Extracted



Mesh

Prism mesh cells
To resolve boundary layer

Surface mesh on 
thermal manikin

Automated mesh generation

Surface mesh on 
supply diffusers



Simulation setup 



Post processing Results

Direct airflow over occupant Low temperature region Low PMV – Discomfort (Cold)



PDF report



App Validation 

“Benchmark Test for a Computer Simulated Person – Manikin Heat Loss for Thermal Comfort Evaluation” 

- Hakan O. Nilsson, Henrik Brohus and Peter V. Nielsen, 2007 Aalborg University

Image source

Test setup AHC - Mesh Generation AHC - Results

https://www.cfd-benchmarks.com/digitalAssets/600/600087_070215-manikin_heat_loss_benchmark_200702.pdf


App Validation 

“Benchmark Test for a Computer Simulated Person – Manikin Heat Loss for Thermal Comfort Evaluation” 

- Hakan O. Nilsson, Henrik Brohus and Peter V. Nielsen, 2007 Aalborg University

Experimental

CFD

Experimental

CFD



AHC Future Plans

• Revit file support

• 3D BIM model from 2D floor plan 

drawing 

• Building the Air diffuser manufacturers 

co-marketing space to add BIM 

components of product library

• Build the large public space templates 

such as Airports, Auditorium, Indoor 

stadium. 

• Develop new Air quality indices – CO2

concentration, Contaminant, Odor 

tracking, ADPI



Signup for 
private beta 

https://www.simulationhub.com/
autonomous-hvac-cfd-private-
beta
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