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Abstract 

Achieving the desired occupant thermal comfort in indoor 

spaces is a challenge that the HVAC industry is trying to 

address in recent times. It is seen that a thermally 

comfortable working environment enhances productivity 

and pleasant mood amongst the employees. A popular 

method to analyse thermal comfort is to perform CFD 

simulations for the indoor spaces with the selected air-

side systems for seasonal scenarios and calculate the 

evaluation parameters such as PMV, PPD, Mean age of 

air etc. The complete and sound analysis of the occupant 

thermal comfort is possible when one has simulated the 

given indoor space for multiple air-side systems, varying 

seasonal and occupant density scenarios throughout the 

year. Such a complete analysis will require a large number 

of CFD simulations along with the CFD expertise and 

high-performance computing capabilities with the HVAC 

consultant. With the advent of powerful cloud computing, 

a new ‘Autonomous HVAC CFD’ application has been 

developed by simulationHub, that performs the CFD 

simulations on the cloud for multiple design 

configurations and scenarios and provides essential 

parameters to analyse the occupant thermal comfort. 

Through introduction and case studies, this paper 

illustrates the ‘Autonomous HVAC CFD’ app to assess 

the occupant thermal comfort in indoor spaces.  

This paper includes the case study of office space with 7 

rooms simulated for 5 HVAC design configurations and 

6 different scenarios based on seasons and occupant 

density, which combines to a total of 210 CFD 

simulations. The results are analysed and discussed at the 

end using thermal comfort indices like PMV, PPD, EDT, 

and DR.  

Key Innovations 

This paper introduces the AHC webapp – an upfront CFD 

tool developed for HVAC simulations with following key 

innovations. 

• BIM Design studio feature provides a platform for 

users to sketch floor plan, place heat loads, supply-

return system to create the required building 

information model. 

• An in-built library of ready to use seating layouts, heat 

load equipment, diffusers is available in the app. 

• Autonomous CFD process that intellegently controls 

the input parameters required for CAD cleanup, fluid 

volume extraction, meshing, solver setup and post-

process thermal comfort results. 

• CFD simulations on cloud platform makes it quick and 

affordable to explore complete design space – run 

multiple HVAC design simulations for different 

seasonal and occupancy scenarios, simultaneously. 

• Scalable HPC cluster setup on cloud with job 

schedulers developed to choose optimum compute 

nodes required for the problem size. 

Practical Implications 

This paper demonstrates the usefulness and accessibility 

of the AHC app in determining the occupant thermal 

comfort for an indoor space for multiple design options 

and scenarios. The findings from the validation study 

discussed in this paper were used to find the right CFD 

methodology for HVAC applications specially to predict 

thermal comfort. The findings are implemented in the 

AHC app to make the CFD workflow autonomous.  

Introduction 

Indoor Air Quality (IAQ) is the air quality inside 

buildings as represented by concentrations of air 

contaminants and thermal conditions that affect our health 

and comfort. Thermal comfort is an essential aspect of 

IAQ in representing human satisfaction, defined as “the 

condition of mind which expresses satisfaction with the 

thermal environment” – ASHRAE 55 (2013). It means 

that a person feels neither too cold nor too warm. 

About 90% life of an average human being spends in the 

indoor environment. A significant portion (40%) of the 

world’s energy consumption is in the building's 

environment. Indoor thermal comfort accounts for 30 to 

40% of that energy. Therefore, a well-designed building 

ventilation system helps to optimize energy use while 

providing satisfaction to the building occupants. 

 

Figure 1: Factors affecting thermal comfort 
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There are two personal variables that influence the 

condition of thermal comfort: the thermal resistance of the 

clothing, and the metabolic rate. The environmental 

variables that influence the conditions of thermal comfort 

include air temperature, humidity, air movement, and 

thermal radiation.   

Evaluating Thermal Comfort 

Occupant thermal comfort is difficult to analyse because 

it is as much psychological as it is physiological. 

‘Comfort’ is a state of mind or a personal feeling - not a 

quantifiable metric. One of the methods to evaluate 

thermal comfort is to conduct a thermal–environmental 

survey with the occupants directly exposed to the 

conditioned space. The survey questionnaire covers 

several demographics such as name, gender, age and so 

on. The ASHRAE seven-points Thermal Sensation Scale 

(TSENS), current clothing garment and metabolic activity 

checklist are also included in the survey. 

Researchers have been exploring the thermal, 

physiological, and psychological response of people in 

their environment to develop mathematical models to 

predict these responses. These models apply an energy 

balance to a person and use the energy exchange 

mechanisms along with experimentally derived 

physiological parameters to predict the thermal sensation 

and the physiological response of a person due to their 

environment.  

The most notable models have been developed by P.O. 

Fanger - the Fanger Comfort Model that was developed 

using the thermal sensation votes from subjects at KSU 

and Denmark (Fanger, 1967), and the Predicted Mean 

Vote (PMV) thermal sensation scale is made based on 

how the energy loss deviates from the metabolic rate. 

 

Figure 2: Inputs to Fanger Model – PMV & PPD 

The input parameters to determine the PMV values like 

air temperature, velocity, mean radiant temperature, 

relative humidity can be measured at site or can be 

generated through CFD simulations. A complex and 

multi-variable analysis such as thermal comfort is time 

consuming and costly to perform experimentally. 

Computational Fluid Dynamics (CFD) can easily evaluate 

the temperature, velocity and can be used to identify 

thermal perceptions of occupants in a building space. Site 

measurements are generally taken at a few selected points 

in the building space and do not provide a whole image of 

the flow field. CFD, on the other hand, provides the 

whole-flow field data, i.e. data at all the points of the 

computational domain. CFD simulations can be used to 

do parametric studies to evaluate alternative design 

configurations at the early stages of development. 

While CFD is a powerful tool to analyse thermal comfort 

and assess the dissatisfied percentage in buildings, the 

major barriers that prevent HVAC design engineers and 

architects from using this technology is the lack of CFD 

expertise, the high upfront cost associated with the 

software license and access to computational resources. 

Autonomous HVAC CFD App 

Autonomous HVAC CFD (AHC) web application is an 

upfront CFD tool to perform a large number of HVAC 

CFD simulations on the cloud, autonomously. The app 

provides a platform for HVAC engineers, manufacturers, 

architects to explore the entire design space and evaluate 

the occupant thermal comforts for multiple HVAC design 

configurations and several thermal load scenarios i.e., 

seasonal effects and occupant density variations. The app 

workflow consists of five stages as shown in Figure 3. 

 

Figure 3: AHC app workflow 

Stage-1: BIM Design Studio 

The building design studio is where the user would create 

the building design spaces as per the floor plan. The 

sketching tools are available to construct walls, place 

windows and doors on the walls. Different material 

properties can be assigned from the library for walls, glass 

windows, roof/ceiling, and floor. The building site 

location and orientation specified in this stage would be 

used later in the solar ray tracing to predict the sun 

position for each scenario - day and time of the year.  

 

Figure 4: BIM Design studio 

The users can select occupant seating layouts with 

manikins, furniture, lights, office appliances from the 

BIM component library and place them inside the 

building spaces. Few of these BIM components are shown 

in Figure 5. Each BIM component has the heat load 

information associated with them. 
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Figure 5: BIM Component library 

This stage also includes the creation of multiple air-side 

systems with different diffusers or A/C units and their 

supply/return positions to try different air distribution 

systems like overhead mixing, displacement ventilation or 

underfloor air distribution. The components in diffuser 

library are shown in Figure 6. 

 

Figure 6: Supply-Return positions and types 

Additionally, the summer and winter design airflow (cfm) 

for each supply or A/C units is required to set the total 

airflow capacity for the system. 

Stage-2: Design Configurator 

In this stage, the air-side systems from the previous step 

could be used to create multiple design configurations 

with different HVAC systems like CAV, VAV with single 

or multizone options. Users can also define thermal zones 

with thermostat sensor locations and setpoint temperature.  

 

Figure 7: HVAC system design options in AHC 

Depending on the mode of operation of HVAC system, 

the signal from the thermostat is sent to different 

components of the air-side system. 

Stage-3: Scenario Studio 

The tonnage requirement of a HVAC system is normally 

calculated to provide comfort conditions for design load 

i.e., the heat load that exists for maximum time in a year. 

Although the primary interest is to predict the thermal 

comfort conditions for these design load conditions, it is 

equally important to check the validity of the HVAC 

system design in off-design conditions. This will help us 

identify if the occupant thermal comfort is being 

compromised under different occupant load or external 

weather conditions. 

 

Figure 8: Scenario variations example 

Scenario studio is the stage where multiple simulation 

scenarios can be created. The parameters to control are 

occupant density in each space and external weather 

conditions i.e., the simulation day and time of the year. 

Stage-4: Solver Setup 

In the solver setup stage, the user can select the 

combination of design configurations, scenarios, and 

spaces and add for simulation. All the CFD processes 

(mesh, solve, post) are carried out on the cloud platform.   

Stage-5: Result Visualization 

Once the simulations are completed, the results would be 

available to view and analyse on the web browser. The 

app provides a range of CFD post-processing tools to 

analyse each simulation results. Additionally, the app also 

provides comfort evaluation parameters – PMV, PPD, 

Effective Draft Temperature (EDT), Draft Rating (DR). 

Mathematical Modelling 

The following governing equations are solved to capture 

the physics required for the occupant thermal comfort.  

Continuity equation: 

∇. (𝜌�⃗� ) = 0 (1) 

Momentum equation: 

∇. (𝜌�⃗� �⃗� ) = −∇𝑝 + 𝜌𝑔 + ∇. (2𝜇𝑒𝑓𝑓𝐷(�⃗� ))

− ∇ (
2

3
𝜇𝑒𝑓𝑓(∇. �⃗� )) 

(2) 

where 𝑝 is the static pressure, �⃗�  is the velocity vector, and 

𝑔  is the gravitational acceleration. The effective viscosity 

𝜇𝑒𝑓𝑓 is the sum of the laminar viscosity 𝜇 and 𝜇𝑡 the 

turbulent viscosity and 𝐷(�⃗� ) is the rate of strain 

(deformation) tensor. 

The energy equation in terms of enthalpy (he) as the 

solution variable: 
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∇. (𝜌�⃗� ℎ𝑒) + ∇. (𝜌�⃗� 𝐾) − ∇. (𝛼𝑒𝑓𝑓∇ℎ𝑒)

= 𝜌�⃗� ⋅ 𝑔 + 𝑆𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 + 𝑆ℎ 

(3) 

where 𝐾 is the kinetic energy per unit mass, 𝛼𝑒𝑓𝑓  is the 

effective thermal diffusivity [kg/m.s], Sradiation and Sh are 

the radiation and user-defined source term, respectively. 

Thermal Comfort Model: PMV-PPD 

The PMV-PPD model developed by Fanger is included in 

the two most often cited thermal comfort standards: 

ASHRAE 55 and ISO 7730. The PMV index represents 

the “predicted mean vote” (on the thermal sensation scale) 

of a large population of people exposed to a certain 

environment. PMV is calculated using the following 

equation: 

𝑃𝑀𝑉 = 

[0.303 e−0.036M + 0.028] ∙ {(𝑀 − 𝑊) 

−3.05 × 10−3 [5733 − 6.99(𝑀 − 𝑊) − 𝑝𝑎] 

−0.42[(𝑀 − 𝑊) − 58.15] 

−1.7 × 10−5𝑀(5867 − 𝑝𝑎) 

−0.0014𝑀(34 − 𝑡𝑎) 

−3.96 × 10−8𝑓𝑐𝑙[(𝑡𝑐𝑙 + 273)4 − (𝑡𝑀𝑅 +

273)4] − 𝑓𝑐𝑙ℎ𝑐(𝑡𝑐𝑙 − 𝑡𝑎) }  

(4) 

where W is the effective mechanical power [W/m2] 

(usually around 0),  Icl is the clothing insulation [m2K/W], 

pa is the water vapor partial pressure [Pa], ta is the air 

temperature [°C], tMR is the mean radiant temperature 

(MRT) [°C], fcl is the fraction of body clothed, tcl is the 

temperature of clothing surface [°C] and hc is the 

convective heat transfer coefficient [W/(m2K)].  

The PPD index, which establishes a quantitative 

prediction of the percentage of thermally dissatisfied 

people, is calculated using the following formula: 

𝑃𝑃𝐷 = 100 − 95exp(−0.03353 ∙ 𝑃𝑀𝑉4 −

0.2179 ∙ 𝑃𝑀𝑉2)  

(5) 

When the thermal comfort is achieved, the PMV equals 0. 

Even under these “ideal” conditions, there are still 5% of 

dissatisfied people. 

CFD Process 

One of the most critical aspects of AHC app is its ability 

to configure and execute the complete CFD process 

autonomously. Although the CFD processes are made 

autonomous, it is important to understand the general 

CFD process and the methodology used in the app before 

looking at the case study results. 

Fluid Volume Extraction 

Fluid volume extraction means extracting wet surfaces 

from the building design model. These are the surfaces 

that come in direct contact with the conditioned air. It 

includes identifying the wet surfaces and closing the small 

gaps/leaks in the building design model. The input model 

generally has detailed geometry features and might have 

some unwanted gaps that could cause quality-related 

severe issues in the meshing process. Some gaps in the 

geometry are meant to be retained. For example, the 

effective flow area of supply diffusers needs to be treated 

as inlet surfaces. 

 

Figure 9: Autonomous Fluid Volume Extraction (FVE) 

from BIM model 

The AHC app uses simulationHub proprietary algorithm 

to extract the required fluid volume, autonomously. 

Meshing 

A CFD model requires the fluid volume to be divided into 

discrete elements (made up of geometric primitives like 

hexahedra and tetrahedral) or cells. The governing 

equations are then discretized and solved inside each of 

these cells. The collection of all these elements or cells is 

called a mesh. 

The app meshing algorithm assigns appropriate element 

sizes to ensure an adequate number of cells to resolve the 

geometry and flow field. For example, a maximum cell 

size of 0.1m is used in the volume while a refined mesh 

size as low as 0.0015m has been used around the heat 

sources (thermal manikin) and diffusers to increase the 

mesh density in the interest areas. Additionally, layers of 

prism cells are generated on the manikin surfaces as 

shown in Figure 10 to capture the thermal & flow 

boundary layer physics. 

 

Figure 10: Autonomous meshing of spaces with prism 

layers around heat load (manikin) 

Solver Conditions 

CFD solves the Navier Stokes equations governing fluid 

flow over a computational domain. The turbulent 

behaviour of flow is solved by using the RANS (Reynolds 

Average Navier-Stokes) approach. k-ω turbulence model 

is used to model turbulent effects inside the space, which 

in was found to lead to better agreement with the 

experimental data than the k-ε model (Martinho et al. 

2008). 

Solar load modelling plays a vital role in HVAC 

simulations. It is generally calculated by the raytracing of 

solar radiation and applying the high fluxes on exposed 

surfaces that demand radiation physics modelling in the 

simulation. 
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As the optimum Relative Humidity (RH) required in the 

space varies from 30-50%, which has an absorption 

coefficient of 0.17 to consider the medium as an optically 

thick and finite Difference Ordinate Model (DOM) is the 

suitable model for this physics. The RH distribution is 

captured by solving the active scalar transport equation 

for the moisture. The app has a 1e-04 convergence 

criterion set to measure the solution's imbalance, ensuring 

the equations are solved with acceptable accuracy. 

Post-Processing  

One of the crucial aspects of the generated results is that 

they are easily accessible on a web browser and 

interactive. The app provides post-processing features to 

analyse and understand the flow behaviour, which helps 

design an optimum air distribution system. 

All the CFD process are performed in the cloud platform 

parallelly as shown in Figure 11 to provide quick results. 

 

Figure 11: CFD Process – BIM model to Comfort plot 

Validation Study 

It is very important to test and adjust CFD models by 

comparing predicted results with a benchmark test. The 

objective of this study is to validate the CFD methodology 

i.e., mesh and solver setup used in the AHC app. For this 

purpose, a validation study is performed against the 

experimental data obtained by Nielsen et al (2003), on the 

benchmark test for computer simulated person. 

Experimental Setup 

A manikin is placed inside a rectangular wind tunnel of 

dimension 2.44 m x 2.46 m x 1.2 m. The air is entering 

the domain at 22°C from one side and exits through two 

circular outlets on the opposite surface. The manikin is in 

a seated position facing the uni-directional inlet air 

velocity of 0.2m/s (non-uniform velocity profile - Nilsson 

2007). Also, the manikin is placed symmetrically with 

respect to the z plane. The wind tunnel is placed in a large 

room as shown below. 

 

Figure 12: Experimental setup for the benchmark case 

(Photo: HO Nilsson) 

The manikin was a non-breathing type. The heat flux from 

the manikin was specified as 76W sensible heat load only. 

No latent heat load was considered in the manikin. 

CFD Domain 

The fluid domain representing the experimental 

setup is created, with a female thermal manikin 

Comfortina with a surface area of 1.52m2. 

 

Figure 13: Fluid Domain used for the CFD study 

In the experiments conducted, the feet of the 

manikin were not completely in contact with the 

floor, but in our analysis to avoid the bad quality 

mesh, we have kept the feet attached as shown in the 

figure below. 

Mesh and Solver Settings 

A maximum cell size of 0.05m is used to discretize the 

fluid domain. Mesh around the manikin is refined enough 

to resolve the surface features as well as able to address 

the requirements of the flow and turbulence model. Five 

layers of prism cells are generated around the manikin 

surface to capture the thermal boundary layer effects. The 

total mesh count is 0.6 million for this case. A mesh 

independence study is performed with different mesh 

sizes as well as the meshing strategy used in the app. From 

the result analysis it is determined that the current 

meshing strategy of the app is fine enough to get the 

results to be in close agreement with the experimental 

data.  

The turbulence is modelled by using SST k-omega two 

equation model. The radiation is modelled by using the 

Discrete Ordinates model. The numerical schemes have 

been set up in accordance with the app strategy. Residual 

convergence is set up to order of 10-5 while the outlet 

temperature was monitored to ensure complete 

convergence. 

 

Figure 14: Mesh resolution around the manikin 

CFD Results 

Following are the results obtained from the CFD 

simulation. 
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Figure 15: Velocity and Temperature contours at 

midplane (z=0) 

The contour plots in Figure 15 shows that there is a 

sudden acceleration of flow at the outlets. Also, the wake 

region extends all the way from manikin to the wall near 

the outlet. The temperature contour at the same plane 

shows that the heat is dissipated by the incoming air. 

To find the quantitative accuracy of the CFD case setup, 

the results are compared with the experimental data 

measured at a plane behind the manikin near outlets at 

location z = -0.295m, 0m, 0.295m. 

 

Figure 16: Comparison of experimental data (circled) 

with CFD data (continuous line) 

The comparison in Figure 16 shows that the velocity 

values from the CFD analysis closely follows the trends 

of experimental data. For all considered points on the 

planes (at the respective z values), the mean relative 

deviation is observed to 4.47% while the standard 

deviation is 18.29% with respect to experimental velocity 

values. The causes of slight deviation near the outlet 

points could be attributed to the geometry differences in 

manikin between experimental and CFD study, inlet 

velocity profile and the distribution of heat flux on the 

manikin. 

The validation study shows that the CFD methodology 

used in the AHC application can be used to predict indoor 

environment flow physics for ventilated spaces to a good 

level of accuracy. But the applicability of this CFD setup 

for all similar problems needs more case studies and 

research which is beyond the scope of this paper. 

Case Study: Office Building 

The objective of this case study is to predict thermal 

comfort of a typical office building with 7 spaces for 5 

different HVAC design configurations in 6 different 

simulation scenarios i.e., combination of different 

ventilation systems, occupant density and outside weather 

conditions. 

Building Information Model 

The building design under study is a single floor office 

setup with 7 different spaces. The building location is in 

New York at Latitude: 40.66 N | Longitude: 73.80 W. 

 

Figure 17: Building information model 

The building design model shown in Figure 17 also 

includes seating arrangements with manikins in each 

space that represents human occupants in seated 

positions, computers, server racks, and furniture. Thermal 

zoning of the spaces used for multizone systems is shown 

in Figure 18. 

 

Figure 18: Zoning system for the office building 

Design Configurations 

In this current study, five HVAC design configurations 

are taken into analysis. Overall, four types of supply 

diffusers/grills are used in these systems. 

 

Figure 19: Diffuser types and details 

For the current study, the design supply air temperature 

for summer is set to 13°C, while it is set to 33°C for winter 

conditions. For UFAD system with underfloor swirl 

diffuser, the supply air temperature for summer is set to 

17°C, while it is set to 29°C for winter conditions. 

Scenarios 

In the current study, six simulation scenarios are 

considered. The occupant density and the outside weather 

conditions considered for each scenario are listed below 

in Figure 20. 

 

Figure 20: Occupant density for six scenarios 
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CFD Simulations 

For the current study, a total of 210 CFD simulations (5 x 

6 x 7) are performed with five design configurations, six 

scenarios and seven spaces as shown in Figure 21. 

 

Figure 21: Combination of design configurations and 

scenarios for the building spaces 

Results 

Parameters like PMV, PPD, EDT, DR% are evaluated 

from the CFD results, to evaluate the occupant thermal 

comfort. CFD result is then processed to compare comfort 

levels in spaces based on these calculated parameters. The 

app provides more post processing features to analyse and 

understand the flow behaviour, that helps in designing an 

optimum air distribution system for the conditioned 

space.  

Flow lines depict the path followed by conditioned air 

from a supply outlet into the space till return grill. This is 

useful information to identify recirculation zones and 

draft in a space. 

 

Figure 22: Flowlines from underfloor swirl diffuser 

Based on the average PMV on the manikin body surface, 

each manikin is rated with an emoji that expresses how 

they feel with respect to the thermal comfort scale. 

 

Figure 23: Thermal sensation of occupants 

Comfort cloud is the volume of a space that falls within a 

specified range of a result quantity value. This is 

popularly known as iso-volume in the CFD community. 

This data helps in finding out the hot & cold pockets in 

the space, comfort, and discomfort regions in the spaces. 

 

Figure 24: Comfort Cloud – PMV 

Surface plots are contours of temperature, PMV, PPD 

plotted on the manikin surfaces. This information is useful 

to identify the regions of discomfort on the occupant 

body. 

 

Figure 25: Manikin surfaces coloured by temperature 

The contour plot is a pictorial representation of flow 

property variation in the fluid domain about any 2D cut 

section of the geometry. The location of flow separation, 

high velocity, and low temperature regions are few 

examples of insights that can be gained through CFD 

results visualization. 

 

Figure 26: Cut section showing velocity contour plots 

Result Summary 

The thermal comfort analysis of 210 CFD simulations are 

effectively analysed by using the post features discussed 

in the previous section. The average PMV on the manikin 

body surface is used to rate each manikin on how they feel 

with respect to the thermal comfort scale. Similarly, each 

space is rated based on the weighted average of manikin’s 

thermal comfort level. Figure 27 shows the comfort chart 

that summarizes the comfort level in each space for all 

design and scenarios considered in the current study. 
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Figure 27: Thermal Comfort Summary 

After analysing all simulations based on different 

scenarios, design configurations and spaces in detail and 

with reference to given above comfort chart table 

following observations are made: 

• Design summer - All three systems - Square Plaque, 

Swirl Face and UFAD diffusers work effectively to 

provide comfort in all the spaces and gives total 

comfort to the occupants. 

• Extreme summer – Although, swirl diffusers are 

observed to provide slightly better comfort than 

square plaque diffusers (for both partial and full 

occupancy), UFAD system outperforms to provide 

good comfort in most of the spaces. 

• Design winter – The ceiling diffusers fail to deliver 

proper comfort even in design conditions of heating 

scenario. The lighter hot air sticks to the ceiling and 

fails to achieve proper mixing of air in the space.  

• The UFAD system performs relatively better in all 

scenarios of heating compared to other heating 

systems. The comfort level can be improved by 

varying the arrangement of diffusers. 

These observations are subjective to the location of 

supply and return locations and the design flow rates for 

the considered building spaces. 

Benefits and Challenges of AHC application 

The novelty of the AHC app lies in the autonomous CFD 

approach that makes it possible for the HVAC Engineers 

and Architects to use the app directly without any CFD 

expertise. Being a cloud-based web application, the AHC 

app does not demand in-house High-Performance 

Computing (HPC) resources or hard-wired servers. Users 

can access the app on web browsers and perform the CFD 

simulations on cloud computing setup. 

The app allows users to run multiple CFD simulations 

simultaneously. Depending on the size of the problem and 

the number of simulations, the app manages to scale up or 

down the cloud capacity. This level of scalability 

produces quick results, encouraging the HVAC engineers 

to explore the complete design space. 

In the current version of the app, user must sketch the 

floor plan and use the in-built library of seating 

arrangements, equipment, diffusers to create the required 

BIM design. The future app version would support the 

importing of BIM files from other software. 

Summary and Conclusion 

AHC, a cloud-based web application with autonomous 

CFD process, was developed for architects and HVAC 

designers to assess the occupant thermal comfort levels in 

indoor spaces. The paper has presented the numerical 

methodology behind the app to assess the thermal comfort 

in any indoor environment. With the use of powerful 

cloud computing, comfort plots of even large-scale 

building spaces are delivered quickly to help design 

engineers in their early design phase. A case study is 

presented at the end of the paper to demonstrate the 

capabilities and advantages of the application. 

The application workflow and the case study in this paper 

are intended to show the CFD methodology used in the 

background of AHC app in studies of occupant thermal 

comfort with CFD. 
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