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簡報者備註
簡報註解
Thanks for coming to my P5 presentation. Today I am presenting my thesis project OnlyFAN. We explored the Diffusion of Ceiling Fan Airflow around Desks and the Potential to Increase Collective Comfort, under the supervision of Atze and Alessandra. I would also like to say special thanks to Christian, David and Daniel from Sulion for generously providing us the beautiful fan to realize this project. 




How are you feeling now?
Slightly cool? Neutral? Slightly warm?
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How would you like to cool 
yourself down?
Air conditioning? Fan? Ice-cold drinks?



Let’s start from a broader perspective: 
Heat Resilience for Climate Change
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簡報者備註
簡報註解
I just saw an Instagram post on Saturday. The green building council in UK warned that British buildings are not prepared for the effects of global warming. Modern offices have higher risks of being overheated in the increasingly hot summer. They also made suggestion of selecting passive cooling methods over energy-intensive air conditioning.



Options for Cooling 
• Energy renovations of houses in moderate climates increase overheating risk (Psomas et al., 2016)

• Installing AC might not be an economically feasible option.

• Energy saving potential when hybrid cooling is adopted: 10% for each degree Celsius increase in 
the setpoint (Hoyt et al., 2009)

• Options for a 16.6m2 room:
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€399 / 26W €1024 / 20.1W €2459

Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
Houses that were renovated for better insulation are also suffering from overheating issue. Installing AC might not be the most economically feasible solution. Especially when considering the percentage of HOT days that AC is required in temperate climate countries like Netherlands. Ceiling fan could become a solution that is both energy-efficient and economically feasible. 



Research Question
How effective are ceiling fans in warm environments to diffuse air flow and expand 

thermal comfort zone to achieve collective thermal comfort across different desk layouts?
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簡報者備註
簡報註解
These lead to my research question:



Sub Research Questions

1. How do the desk layouts impact the air speed distribution?
2. To what extent can the simplified CFD simulation predict the air speed with different 

layout cases?
3. Does the prediction of thermal comfort models (PMV, SET*, modified SET*, etc.) 

match the experiment result of human subjects?
4. Can a single ceiling fan provide collective thermal comfort for a group of (up to) 4 

people?
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Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
To answer that, I broke it down to 4 sub-questions.
The first sub question is: How do the desk layouts impact the air speed distribution?




“Adding workstation furniture redirects the jet's
airflow laterally in a deeper spreading zone,
making room airflows more complex but
potentially increasing the cooling experienced
by the occupants.”
Gao et al., 2017: Ceiling fan air speeds around desks and offce
partitions

“In situ air speed measurements at five of the
projects revealed the ceiling fans' operation
results in generally relatively low airspeeds,
often under 0.2 m/s.”
Present et al., 2019.: Ceiling fans in commercial buildings: In situ
airspeeds & practitioner experience

“There appears to be a negative linear
relationship between furniture density and
air speed in the occupied zone. Furniture in real
buildings lowers the air movement in occupied
zone by impeding the path of air movement.”
Luo et al. (2021): Detailed measured air speed distribution in four
commercial buildings with ceiling fans
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Gao et al. (2017)

Luo et al. (2021)
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簡報者備註
簡報註解
Past studies show both positive and negative results.
Gao et al. found desks can help distributing airflow in a deeper spreading zone. 
Present et al. noted actual in-situ air speeds often remain low even with the fan operating.
Luo et al. observed that more furniture usually means less air movement.
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簡報者備註
簡報註解
Computational Fluid Dynamics simulation (CFD) might be a good tool for predicting air speed around furniture. But how accurate is the predicted air speed?



Sub Research Questions

1. How do the desk layouts impact the air speed?
2. To what extent can the simplified CFD simulation predict the air speed with 

different layout cases?
3. Does the prediction of thermal comfort models (PMV, SET*, modified SET*, etc.) 

match the experiment result of human subjects?
4. Can a single ceiling fan provide collective thermal comfort for a group of (up to) 4 

people?
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簡報者備註
簡報註解
This leads to the second sub-question: considering the limited computation and time that I have, can the simplified CFD simulation predict the air speed with different layout cases?
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簡報者備註
簡報註解
To verify that, we conducted lab measurements and compared with the simulated results.
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簡報者備註
簡報註解
Once we get actual air speed data, we can use it to predict thermal sensation with PMV. But past research shows PMV struggles at higher air speeds.



Sub Research Questions

1. How do the desk layouts impact the air speed?
2. To what extent can the simplified CFD simulation predict the air speed with different 

layout cases?
3. Does the prediction of thermal comfort models (PMV, SET*, modified SET*, 

etc.) match the experiment result of human subjects?
4. Can a single ceiling fan provide collective thermal comfort for a group of (up to) 4 

people?
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簡報者備註
簡報註解
This leads to the third sub question: Does the PMV prediction match the actual thermal perception of the participants, especially at higher air speed?



Sub Research Questions

1. How do the desk layouts impact the air speed?
2. To what extent can the simplified CFD simulation predict the air speed with different 

layout cases?
3. Does the prediction of thermal comfort models (PMV, SET*, modified SET*, etc.) 

match the experiment result of human subjects?
4. Can a single ceiling fan provide collective thermal comfort for a group of 

(up to) 4 people?
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簡報者備註
簡報註解
Lastly, can a single fan provide collective comfort to multiple people simultaneously?
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Zhai et al. (2013) Huang et al. (2013) Zhai et al. (2015) Zhai et al. (2017)
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簡報者備註
簡報註解
Previous studies mainly focused on individual comfort, with one single fan providing air movement to one single occupant.



“In a real-world office environment in the tropics that if we
increase the temperature setpoint from 23°C to 26°C, while
simultaneously providing occupants shared control over
ceiling fans, we can obtain a major increase in thermal
comfort.”

“…the energy usage for comfort cooling can be decreased
by roughly a third.”
Lypczynska et al., 2018.: Thermal comfort and self-reported productivity in an office with
ceiling fans in the tropics
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Luo et al. (2021)
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簡報者備註
簡報註解
But what if we aimed for shared comfort, like in the field study by Lypczynska et al.?
In this air-conditioned office, they found that increasing AC set temperature to 26 degrees while providing shared control over ceiling fan to the occupants, the thermal comfort increased, and the energy consumption decreased roughly a third. 



Thermal comfort temperature ranges for HVAC 
buildings with fans and radiant sources in buildings. 

Zhang et al. (2011) Risseto et al. (2021)
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簡報者備註
簡報註解
Zhang et al. recommended fan usage between 25 to 30 degrees, with 28°C as a critical threshold, whether extra cooling measure should be adopted. It is also a widely used thermal condition in previous studies. 
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簡報者備註
簡報註解
Can we also enhance collective comfort only by ceiling fan at 28 degrees?



Multi-loop Validation
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CFD 
Simulation

Air Speed 
Measurement

Human 
Experiment

To what extent can the simplified CFD 
simulation predict the air speed with 
different layout cases?

Does the prediction of thermal comfort 
models (PMV, SET*, modified SET*, etc.) 
match the experiment result of human 
subjects?

Can a single ceiling fan provide 
collective thermal comfort for a 
group of (up to) 4 people?RQ: Can desks diffuse air flow and 

expand thermal comfort zone to 
achieve collective thermal comfort

How do the desk layouts 
impact the air speed?

Layout Selection
PMV Prediction by 

Seat Air Speed

Referred Air SpeedPredicting 
Air Speeds

簡報者備註
簡報註解
The research questions formed a research framework based on multi-loop validation. It begins with CFD simulation, followed by air speed measurements to validate the accuracy of the CFD predictions. The measured air speed data are then used to predict thermal sensation using the PMV model. These PMV predictions are validated against actual Thermal Sensation Votes (TSV) collected from human experiments.
Each validation step helps answer the core research questions. Additionally, the study explores whether it’s possible to predict the diffused air speed around the desk and determine participants’ preferred air speed at 28°C.



CFD Simulation
Initial insight to the air flow pattern with different desk layouts
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簡報者備註
簡報註解
First, let’s start with CFD simulation



CFD Simulation Setup
Simplified CFD setup:

• No rotating fan blade
• Circular surface as air inlet and outlet
• Tilted air foil to mimic swirling airflow

Probes:
• 10x16 planar point grid at 8 heights
• 0.1 / 0.6 / 0.85 / 1.1/ 1.4 / 1.7 / 2.2 / 2.5m
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Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
We used a simplified model: no rotating blades, just circular surface as air inlets and outlets with a tilted airfoil to simulate swirl. Measurement points were laid out in a 10x16 grid at 8 different heights.

10 layouts cases were simulated, with different desk placements, inclusion of linear partition wall, offset from fan center and orientation. 



Define Geometry

CFD Simulation

Result Visualization

Archived Results
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簡報者備註
簡報註解
This is the grasshopper script used for CFD simulation. The geometry can be generated and iterated parametrically.
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簡報者備註
簡報註解
The simulated results are also visualized in grasshopper. The planar heatmaps and vector displays show very different air flow distribution across all desk layouts.


Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.
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Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
The chart compares the average seat air speed across the layouts with the columns, and the individual seat air speed are displayed as the little black crosses. Among all these scenarios, we are specifically interested in these 2 layouts: Case 0, the base case without desks, and Case 1A with 2x2 desk layout centered to the fan.
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Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
For Case 0 without the obstruction of desks, the high air speed zone in very concentrated under the fan blade area, which is called the  “fan jet” in previous studies. After the impingement of the fan jet with floor surface, a clear horizontal outspreading flow at floor level can be clearly seen. However, the high air speed at ankle level is not the most efficient way to make people feel cool and might raise the chance of causing ankle draft. 
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Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
When there are desks placed underneath the blade area, the downward jet is redirected by the desk surface. The outspreading air flow with high air speed is now raised from floor surface to desk surface, increasing the air speed at chest level around the desk. 



Conclusion CFD
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• The desks increased the air speed at chest level (0.85m height)

• Air speed of Case_0, 1A will be measured in the lab

Case_0 Case_1A
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簡報者備註
簡報註解
So, CFD results suggest that desks enhance airflow at chest level. Air speed of Case 0 and 1 will measured in the lab





Air Speed Measurement
Validating the CFD results with lab measurements
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簡報者備註
簡報註解
Next, we did lab measurement to validate simulation results.



Fan mounting and Wiring

30

簡報者備註
簡報註解
First we had to install the fan
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簡報者備註
簡報註解
We tried to visualize how the airflow is diffused by the desk surface with smoke machine. As you can see, the smoke is diffused horizontally far beyond the edge of desk surface. 


Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.





Measurement (1)
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簡報者備註
簡報註解
The first measurements were done at half of the measurement points to first validate if the presence of desk can increase the air speed at chest level .



The Influence of Desk and Fan Direction (Fan Speed 3 / 5 / 8)

Air speed around the desk surface at 
0.85m height increased more than 194% !
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Case/Fan Speed Case_0_3 Case_1A_3 Case_0_5 Case_1A_5 Case_0_8 Case_1A_8 Case_1A_8R
Avg_all (m/s) 0.10 0.41 0.16 0.48 0.18 0.70 0.18
Increase 303% 194% 286%

Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
Fan speed 3, 5 , and 8  were measured for both Case 0 and 1. A reversed fan speed 8 that generates upward air flow was also measured for Case_1. The results shows clearly that the presence of desks improved the air speed at chest level significantly with downward air flow. In contrast, the upward air flow did not show much improvement. 



CFD vs Measurement
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Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
While CFD seems to be capturing the airflow pattern, it overpredicts actual air speeds, (80% at fan speed 3, 69% at fan speed 5 and 51% at fan speed 8). The overprediction is more pronounced especially at lower fan speeds."



CFD vs Measurement
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Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
The CFD gets better at predicting relative changes at higher fan speeds, as you can see here the r-square value increased from around 0.5 at fan speed 3 to 0.75 at fan speed 8.



Multi-loop Validation
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CFD 
Simulation

Air Speed 
Measurement

Human 
Experiment

The simplified CFD model is able to 
capture the overall pattern but 
consistently overpredicts the air speed.

Does the prediction of thermal comfort 
models (PMV, SET*, modified SET*, etc.) 
match the experiment result of human 
subjects?

Can a single ceiling fan provide 
collective thermal comfort for a 
group of (up to) 4 people?RQ: Can desks diffuse air flow and 

expand thermal comfort zone to 
achieve collective thermal comfort

The presence of desks increase the air speed 
at 0.85m height around the desk surface.

Case_0 & 1A
PMV Prediction by 

Seat Air Speed

Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
We can confirm that desks indeed improve air speed at chest level. We also found that the simplified CFD captures the overall pattern but overpredicts the air speeds. 



Multi-loop Validation
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CFD 
Simulation

Air Speed 
Measurement

Human 
Experiment

The simplified CFD model is able to 
capture the overall pattern but 
consistently overpredicts the air speed.

Does the prediction of thermal comfort 
models (PMV, SET*, modified SET*, etc.) 
match the experiment result of human 
subjects?

Can a single ceiling fan provide 
collective thermal comfort for a 
group of (up to) 4 people?RQ: Can desks diffuse air flow and 

expand thermal comfort zone to 
achieve collective thermal comfort

The presence of desks increase the air speed 
at 0.85m height around the desk surface.

Case_0 & 1A
PMV Prediction by 

Seat Air Speed
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簡報者備註
簡報註解
Now we want to know the air speed at each seat for PMV calculation. 



Measurement Plan
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簡報者備註
簡報註解
So we measured the air speed thoroughly around the whole desk surface with all the 9 fan speeds.



Measurement of Air Speed (Fan Speed 1 - 9)
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A D

B C

Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
This chart shows the measurement results. Clear peaks can be seen at the center point of both long edges. The peak on the side of seat B and C , which has a shorter distance to the wall, is slightly higher than the peak on the other side. 



Sectional Air Speed Distribution
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D

C
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簡報者備註
簡報註解
We also did 1 sectional measurement at 0.1, 0.6, 0.85, and 1.1 meter with fan speed 5. The air speed at 1.1m is the highest under fan blade area, and decreased drastically as the distance from the fan centre increased. At the edge of the desk surface where the participants will be sitting, the air speed at 0.85m maintained relatively high, when comparing to the others. At 0.6m and 0.1m, the air speeds are generally under 0.3m/s.



Seat Air Speed at 
0.85m and 1.1m

• Positive linear correlation as RPM increases

• Air Speed at 0.85m is higher than at 1.1m

• Air speed at 0.85m shows higher deviation by
seat

• No clear trend of which seat consistently
receives the highest or lowest air speed. (Seat
D has the lowest air speed at most fan speed)
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Speed Speed_1 Speed_2 Speed_3 Speed_4 Speed_5 Speed_6 Speed_7 Speed_8 Speed_9
RPM 80 100 110 126 140 155 170 185 200
A 0.36 0.46 0.56 0.6 0.53 0.78 0.75 0.83 1
B 0.35 0.54 0.48 0.67 0.64 0.68 0.99 0.98 1.09
C 0.34 0.43 0.49 0.57 0.64 0.72 0.73 1 0.98
D 0.41 0.35 0.41 0.46 0.5 0.75 0.64 0.73 0.82
Avg_seat 0.37 0.45 0.49 0.58 0.58 0.73 0.78 0.89 0.97
Avg_all 0.31 0.39 0.42 0.5 0.52 0.63 0.68 0.77 0.83

Measurement
height

0.85m
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簡報者備註
簡報註解
This chart visualizes the relationship between fan rotating speed and seat air speed at two heights: chest level at 0.85m and face level at 1.1m. Each colored marker represents a measurement from Seats A to D. The seat air speed shows a positive linear correlation with RPM value. Air speed at 0.85m is higher than at 1.1m. 



Human Experiment
Thermal sensation, comfort level and preferred air speed
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簡報者備註
簡報註解
With all the air speed data ready, we can continue to the final step: human experiment.
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簡報者備註
簡報註解
Can we also enhance collective comfort only by ceiling fan at 28 degrees?
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簡報者備註
簡報註解
This is how the control interface works with the fan.
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Date Outdoor_T Rain Air_T RH Globe_T Participants
26-May 15.9 No 28.0 38.6 28.2 4
27-May 15.8 Yes 28.0 47.8 27.9 4

2-Jun 16.4 No 28.0 42.2 28.1 4
4-Jun 18.0 No 28.2 42.6 28.5 4
5-Jun 16.5 Yes 28.3 40.6 28.2 2
6-Jun 17.0 Yes 27.9 39.9 28.2 3

10-Jun 14.4 No 27.9 48.7 27.9 3
Average 16.3 -- 28.0 42.9 28.1 --

Lab Condition
• Room Air temperature 28°C ± 0.5°C

• Relative Humidity = no control

• Experiments were only done in the morning to
minimize the influence of solar radiation from west-
facing façade.

• 28°C was selected because the PMV is close to +1
(slightly warm) when there is no air movement,
exceeding the comfort zone between -0.5 and +0.5

• Comparable with previous studies

• Outdoor temperature was not an “ideal” summer
condition, but cold and rainy

Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
Although the experiments took place in late May to early June, the outdoor weather wasn’t exactly summer-like—the average temperature 30 minutes prior to the experiment was 16.3°C,  with some rainy days. A few participants even said they felt nice when stepping into the warm, cozy lab from the cold and rainy weather outside. The lab temperature was controlled at 28°C, so the results can be compared with other previous studies. At this temperature, the PMV is close to 1 and PPD is 24% without air movement. 
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Date Outdoor_T Rain Air_T RH Globe_T Participants
26-May 15.9 No 28.0 38.6 28.2 4
27-May 15.8 Yes 28.0 47.8 27.9 4

2-Jun 16.4 No 28.0 42.2 28.1 4
4-Jun 18.0 No 28.2 42.6 28.5 4
5-Jun 16.5 Yes 28.3 40.6 28.2 2
6-Jun 17.0 Yes 27.9 39.9 28.2 3

10-Jun 14.4 No 27.9 48.7 27.9 3
Average 16.3 -- 28.0 42.9 28.1 --

Lab Condition
• Room Air temperature 28°C ± 0.5°C

• Relative Humidity = no control

• Experiments were only done in the morning to
minimize the influence of solar radiation from west-
facing façade.

• 28°C was selected because the PMV is close to +1
(slightly warm) when there is no air movement,
exceeding the comfort zone between -0.5 and +0.5

• Comparable with previous studies

• Outdoor temperature was not an “ideal” summer
condition, but cold and rainy
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簡報者備註
簡報註解
And based on the PMV prediction, participants might feel neutral with air speed at 0.6m/s, providing a cooling effect of minus 3 degrees.



Experiment Procedure

• 24 volunteers from 7 days

• Sex: 

• male = 12 persons

• female = 12 persons

• Age:

• 20-29 = 18 persons

• 30-39 = 6 persons

• Only Case_1A was tested

• Fan speed sessions in random 
order
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26-May 27-May 2-Jun 4-Jun 5-Jun 6-Jun 10-Jun
Monday Tuesday Monday Wednesday Thursday Friday Tuesday

4 4 4 4 2 3 3
1 0 5 3 8 Selected-3 3 5
2 5 Selected-3 0 5 3 8 Selected-4
3 8 3 8 Selected-6 0 5 0
4 3 8 Selected-6 0 5 0 8
5 Selected-7 0 5 3 8 Selected-5 3

Se
ss

io
n

Nr. Participants

Date
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簡報者備註
簡報註解
A total of 24 volunteers (half male, half female) participated across 7 different days. 18 of them were aged 20–29, and the others were 30–39. Only Case_1A was tested.
Each session began with a 30-minute introduction and adaptation period, during which participants completed an opening questionnaire to provide background information. They were then exposed to 5 fan speed sessions in random order—4 given fan speeds and 1 group-selected fan speed, in random order. Each session lasted 15 minutes. After each session, participants filled out a questionnaire to assess their thermal perception. 
At the end of the experiment, they completed a final questionnaire reflecting on the group-selection process and their overall experience.



Climate Background and Fan Usage for Cooling
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Mild Summer : 
11 persons

Hot Summer : 
13 persons
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簡報者備註
簡報註解
The participants came from diverse climate background. 13 participants were from climate zones with hot summer, and the other 11 were from climate zones with mild summer. Participants from hot summer climates have higher fan usage over the ones from mild climates. The usage at home is also higher than at school or work. 



Self-reported Thermal Tolerance
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Are you more tolerant of warmer or cooler temperature?
Mild Summer: 
55% / 18% / 18% / 9%

Hot Summer: 
46% / 46% / 2% / 0%
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簡報者備註
簡報註解
Half of them reported themselves to be more tolerant to warmer temperature, one-third of them were more tolerant to cooler temperature. Please remember this number : 50%.
The percentage of tolerance to warmer or cooler temperature were equal for participants from hot-summer climates. In contrast, higher percentage of participants from mild climate were more tolerant to warmer temperature. 



Preferred Air Speed
For given and group-selected fan speed sessions
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Thermal & Air Movement Preference

OnlyFAN 51

Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
First we look at given fan speed sessions. At fan speed 0, despite that 46% of participants reported feeling comfortable, 71% of participants wanted lower temperature and 79% wanted stronger air movement. In contrast, at fan speed 3, the percentage of “No change” are the highest for both thermal and air movement preference.



Highest percentage of “Acceptable” 
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簡報者備註
簡報註解
Thermal and air movement acceptability are also the highest at fan speed 3.



Air Movement Acceptability and Feeling of Local Draft
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Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
The percentage of feeling local draft discomfort is the lowest, and has the second highest votes of feeling comfortable. 



Preferred Air Speed 
without group-control

• Seat air speed ranging from 0.41m/s
to 0.56m/s

• Average seat air speed 0.49m/s

• Total power consumption 7.2W,

• 1.8W per person
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Speed Speed_1 Speed_2 Speed_3 Speed_4 Speed_5 Speed_6 Speed_7 Speed_8 Speed_9
RPM 80 100 110 126 140 155 170 185 200
A 0.36 0.46 0.56 0.6 0.53 0.78 0.75 0.83 1
B 0.35 0.54 0.48 0.67 0.64 0.68 0.99 0.98 1.09
C 0.34 0.43 0.49 0.57 0.64 0.72 0.73 1 0.98
D 0.41 0.35 0.41 0.46 0.5 0.75 0.64 0.73 0.82
Avg_seat 0.37 0.45 0.49 0.58 0.58 0.73 0.78 0.89 0.97
Avg_all 0.31 0.39 0.42 0.5 0.52 0.63 0.68 0.77 0.83

Measurement
height

0.85m
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簡報者備註
簡報註解
As the conclusion from the abovementioned criteria, fan speed 3 is the most  preferred. The seat air speed ranges from 0.41 to 0.56m/s, with an average 0.49m/s. The power consumption per person is only 1.8W.



Group-selected Fan Speeds
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26-May 27-May 2-Jun 4-Jun 5-Jun 6-Jun 10-Jun
Monday Tuesday Monday Wednesday Thursday Friday Tuesday

4 4 4 4 2 3 3
1 0 5 3 8 Selected-3 3 5
2 5 Selected-3 0 5 3 8 Selected-4
3 8 3 8 Selected-6 0 5 0
4 3 8 Selected-6 0 5 0 8
5 Selected-7 0 5 3 8 Selected-5 3

Se
ss

io
n

Nr. Participants

Date
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簡報者備註
簡報註解
The condition is a bit more complicated to determine the preferred fan speed for group-selected sessions. Fan speeds from 3 to 7 were selected by the groups, which is a wide range. Among the 5 chosen fan speeds, speed 3 and 6 were both chosen twice, but they do not reflect to the highest comfort vote and acceptability.



Preferred Air Speed with Group Control 
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簡報者備註
簡報註解
Fan speed 4, despite the small sample size, which is a group of 3 participants, has the highest comfort vote, thermal and air movement acceptability at 100%. It is the most preferred for group selecting session. 



Preferred Air Speed 
without group-control

• Seat air speed ranging from 0.41m/s
to 0.56m/s

• Average seat air speed 0.49m/s

• Total power consumption 7.2W,

• 1.8W per person
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Speed Speed_1 Speed_2 Speed_3 Speed_4 Speed_5 Speed_6 Speed_7 Speed_8 Speed_9
RPM 80 100 110 126 140 155 170 185 200
A 0.36 0.46 0.56 0.6 0.53 0.78 0.75 0.83 1
B 0.35 0.54 0.48 0.67 0.64 0.68 0.99 0.98 1.09
C 0.34 0.43 0.49 0.57 0.64 0.72 0.73 1 0.98
D 0.41 0.35 0.41 0.46 0.5 0.75 0.64 0.73 0.82
Avg_seat 0.37 0.45 0.49 0.58 0.58 0.73 0.78 0.89 0.97
Avg_all 0.31 0.39 0.42 0.5 0.52 0.63 0.68 0.77 0.83

Measurement
height

0.85m
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簡報者備註
簡報註解
The seat air speed ranges between 0.46 to 0.67m/s, with an average 0.58m/s, slightly higher than fan speed 3.



Comparison with Previous Studies
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Given Fan Speed

Group-selected 
Fan Speed

Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

Risseto et al. (2021)

簡報者備註
簡報註解
When compared to previous studies, the preferred air speeds identified in this research still fall within the "preferred" range reported in earlier findings.



Multi-loop Validation
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CFD 
Simulation

Air Speed 
Measurement

Human 
Experiment

The simplified CFD model is able to 
capture the overall pattern but 
consistently overpredicts the air speed.

Does the prediction of thermal comfort 
models (PMV, SET*, modified SET*, etc.) 
match the experiment result of human 
subjects?

Can a single ceiling fan provide 
collective thermal comfort for a 
group of (up to) 4 people?RQ: Can desks diffuse air flow and 

expand thermal comfort zone to 
achieve collective thermal comfort

The presence of desks increase the air speed 
at 0.85m height around the desk surface.

Case_0 & 1A
PMV Prediction by 

Seat Air Speed

No group control:   0.41 to 0.56m/s 
With group control: 0.46 to 0.67m/s

簡報者備註
簡報註解
After knowing the preferred fan speed, 



OnlyFAN 60

PMV vs TSV
Prediction vs Actual Thermal Sensation

簡報者備註
簡報註解
we dive into the comparison of PMV and TSV



TSV / PMV Comparison
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簡報者備註
簡報註解
First we compared the PMV values calculated with air speed at 0.85m and 1.1m, and found the PMV using air speed at 0.85m showed higher agreement with TSV, so we use these values for further analysis.



Individual TSV / PMV Comparison by Fan Speed
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簡報者備註
簡報註解
The chart shows the comparison between individual TSV datapoints and PMV, with a dashed line showing the ideal prediction, and a solid line showing the linear regression of actual TSV. Despite the individual difference, the linear regression still reveals that the trend of actual TSV lays slightly under the ideal prediction line, meaning that the PMV model overpredicts the actual thermal sensation. 



Seat-average TSV vs PMV
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簡報者備註
簡報註解
These charts compares seat-average TSV and PMV with air speed. When including datapoints from fan speed 0, the linear regression of TSV lays slightly under the linear regression of PMV. It also shows slightly steeper slope than PMV. When excluding datapoints from fan speed 0, the over-prediction of PMV is more obvious when the air speed exceeds 0.6m/s. But still we can see that seat A and D consistently show higher TSV than PMV, while seat B and C show lower TSV than PMV.



Multi-loop Validation
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CFD 
Simulation

Air Speed 
Measurement

Human 
Experiment

The simplified CFD model is able to 
capture the overall pattern but 
consistently overpredicts the air speed.

The PMV model tends to overpredict 
thermal sensation especially at higher 
air speed above 0.6m/s.

Can a single ceiling fan provide 
collective thermal comfort for a 
group of (up to) 4 people?RQ: Can desks diffuse air flow and 

expand thermal comfort zone to 
achieve collective thermal comfort

The presence of desks increase the air speed 
at 0.85m height around the desk surface.

Case_0 & 1A
PMV Prediction by 

Seat Air Speed

No group control:   0.41 to 0.56m/s 
With group control: 0.46 to 0.67m/s
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簡報者備註
簡報註解
Now we verified PMV model tends to overpredict actual thermal sensation. 
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Did Comfort Vote Improve?

簡報者備註
簡報註解
And now let’s see if the comfort level is improved. with elevated air speed?



TSV did decrease as the air speed increased

OnlyFAN 66

Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
As fan speed increased, thermal sensation votes (TSV) shifted toward cooler sensations. Interestingly, even at fan speed 0—without air movement—the average TSV was 0.71, already lower than the PMV-predicted value of +1.0. However, the drop in TSV didn’t directly translate to higher comfort votes.



But did the people feel more comfortable?
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簡報者備註
簡報註解
46% of participants reported feeling comfortable with no air movement, which seems to align with the proportion who said they’re more tolerant to warm conditions. Despite the slight fluctuation of comfort vote at different fan speeds, statistic test using one-way ANOVA did not show a significant increase with a P-value of 0.95. 



Comfort Vote & Acceptability
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簡報者備註
簡報註解
The comfort vote remained around 50%, while thermal acceptability is much higher—over 83%—indicating that many participants still found the conditions acceptable even when not feeling entirely comfortable. Acceptability tended to align with participants feeling “comfortable” and “slightly uncomfortable.”



Cause of Discomfort
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簡報者備註
簡報註解
So, Why didn’t comfort improve—or Let’s say, Why didn’t discomfort decrease? 
As shown in the left chart, higher fan speeds led to more reports of local draft. On the right, the TSV distribution among those who felt “uncomfortable” shows when fan speed increased, fewer participants felt too warm, more felt too cool—keeping overall discomfort roughly the same. Notably, even participants with “neutral” TSVs sometimes reported discomfort, suggesting that thermal comfort is more than just the neutrality of thermal sensation. Cool or cold sensations and draft discomfort may have offset the potential benefits of increased air speed.



Multi-loop Validation
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CFD 
Simulation

Air Speed 
Measurement

Human 
Experiment

The simplified CFD model is able to 
capture the overall pattern but 
consistently overpredicts the air speed.

The PMV model tends to overpredict 
thermal sensation especially at higher 
air speed above 0.6m/s.

Limited Improvement
RQ: Can desks diffuse air flow and 
expand thermal comfort zone to 

achieve collective thermal comfort
The presence of desks increase the air speed 
at 0.85m height around the desk surface.

Case_0 & 1A
PMV Prediction by 

Seat Air Speed

No group control:   0.41 to 0.56m/s 
With group control: 0.46 to 0.67m/s

簡報者備註
簡報註解
The limited improvement might not seem to be an exciting result to conclude this research



One more thing…
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簡報者備註
簡報註解
But there is still one more thing



Multi-loop Validation
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CFD 
Simulation

Air Speed 
Measurement

Human 
Experiment

The simplified CFD model is able to 
capture the overall pattern but 
consistently overpredicts the air speed.

The PMV model tends to overpredict 
thermal sensation especially at higher 
air speed above 0.6m/s.

Limited Improvement
RQ: Can desks diffuse air flow and 
expand thermal comfort zone to 

achieve collective thermal comfort
The presence of desks increase the air speed 
at 0.85m height around the desk surface.

Case_0 & 1A
PMV Prediction by 

Seat Air Speed

No group control:   0.41 to 0.56m/s 
With group control: 0.46 to 0.67m/s

Predicting 
Air Speeds

簡報者備註
簡報註解
About predicting the diffused air speed around the desks 



Diffusion Power
Prediction with normalized pattern

OnlyFAN 73

簡報者備註
簡報註解
With Diffusion power.



Measurement of Air Speed (Fan Speed 1 - 9)
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A D

B C

Introduction CFD Simulation Air Speed Measurement Human  Experiment Conclusion

簡報者備註
簡報註解
Let’s have a quick review of the air speed measurement. We were curious to know despite the difference in magnitude, do these patterns follow a similar trend. 



Measurement of Air Speed (Fan Speed 1 - 9)
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A D

B C

R-squared
0.60
0.89
0.85
0.91
0.91
0.81
0.86
0.91
0.95
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簡報者備註
簡報註解
So we normalized the measurements according to the maximum and minimum values. For most of the fan speed, the normalized pattern are quite similar except for fan speed 1.



Normalized Air Speed Pattern
• Peak at the center point of the long edges and air 

speed decreases gradually towards the far end. 

• Difference of air speed along the short edges is 
neglectable.

• The peak is slightly higher on the side with shorter 
distance to the wall. 
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簡報者備註
簡報註解
The diagram visualizes the distribution of air speed around the desk surface. The magnitude of the curve is calculated as the average of normalized value at each measurement point.



Diffusion Power
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Fan Speed Speed_1 Speed_2 Speed_3 Speed_4 Speed_5 Speed_6 Speed_7 Speed_8 Speed_9
R_squared 0.58 0.88 0.79 0.90 0.93 0.86 0.84 0.93 0.96

Speed Speed_1 Speed_2 Speed_3 Speed_4 Speed_5 Speed_6 Speed_7 Speed_8 Speed_9 Average
Avg_seat 42.5% 38.9% 36.0% 38.5% 36.1% 38.6% 37.3% 38.8% 38.9% 38.4%
Avg_all 35.6% 33.7% 30.9% 33.2% 32.4% 33.3% 32.5% 33.6% 33.3% 33.2%

𝐷𝐷𝐷𝐷 =
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐴𝐴𝐴𝐴
𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹

× 100%𝐹𝐹𝐹𝐹𝐹𝐹(𝑚𝑚/𝑠𝑠) =
𝐴𝐴𝐴𝐴𝐴𝐴 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 (𝑚𝑚𝑚/ℎ)

𝐹𝐹𝐹𝐹𝐹𝐹 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑚𝑚𝑚 ∗ 3600
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簡報者備註
簡報註解
We also normalize the measured air speed by Fan Air Speed, an imaginary “average” air speed from the fan blade which is calculated as air flow divided by fan blade area. We called the normalized value as “diffusion power”. The black line shows the average diffusion power of all fan speeds. On average, the seat air speed can still maintain 38.4% of the initial fan air speed.



Air Speed prediction with Diffusion Power
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簡報者備註
簡報註解
Next, we analyzed the correlation between diffusion power and distance to fan center, and found a polynomial trend line.



Prediction with FAS and 
Distance to Fan Center
• X is the distance to fan center

• DP can be calculated as a function of 
distance to fan center

• FAS can often be derived from the spec 
sheet

• The predicted air speed (PAS) can be 
calculated from the 2 equations:
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𝐷𝐷𝐷𝐷 = 1.3682𝑥𝑥2 − 5.6138𝑥𝑥 + 6.0244

𝑃𝑃𝐴𝐴𝐴𝐴 = FAS ∗ DP

簡報者備註
簡報註解
For this specific room geometry, fan type, and desk layout, the diffusion power can be estimated using a quadratic function of the distance from the fan center. Air speed is then predicted by multiplying the fan air speed with the diffusion power. The predicted results produce a smoother, more stable curve compared to the actual measurements, which show more local fluctuations.
This approach offers a potential method for predicting diffused air speed. Future work could refine the model by testing different fan diameters, blade heights, room sizes, and other variables. Machine learning models like Random Forest might help with this multi-parameter and non-linear prediction.



Multi-loop Validation

OnlyFAN 80

CFD 
Simulation

Air Speed 
Measurement

Human 
Experiment

The simplified CFD model is able to 
capture the overall pattern but 
consistently overpredicts the air speed.

The PMV model tends to overpredict 
thermal sensation especially at higher 
air speed above 0.6m/s.

Limited Improvement
RQ: Can desks diffuse air flow and 
expand thermal comfort zone to 

achieve collective thermal comfort
The presence of desks increase the air speed 
at 0.85m height around the desk surface.

Case_0 & 1A
PMV Prediction by 

Seat Air Speed

No group control:   0.41 to 0.56m/s 
With group control: 0.46 to 0.67m/s

Diffusion 
Power!
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簡報者備註
簡報註解
And now we have completed the whole framework.



Conclusion
and suggestion for practitioner
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簡報者備註
簡報註解
And it’s time to sum up.



Conclusion

1. Simplified CFD models can predict overall airflow pattern, but consistently overpredicts the absolute 
airspeed magnitudes.

2. The existence of desks increased the average air speed at chest level (0.85m) .

3. The average of diffused air speed is able to maintain over 30% from the initial FAS.

4. PMV tends to overpredict actual thermal sensation, in this case, even at no-air-movement condition.

5. At 28°C / 42.9% RH, air speed between 0.41m/s to 0.56m/s (seat-average of 0.49m/s) with power 
consumption of 1.8W per person can make 50% of the participants feel comfortable and over 90% 
of the participants feel the thermal condition to be acceptable even without group control.

6. At 28°C / 42.9% RH with elevated air speed, the comfort level improvement is limited.
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1. Simplified CFD models can predict overall airflow pattern, but consistently overpredicts the absolute 
airspeed magnitudes.

2. The existence of desks increased the average air speed at chest level (0.85m) .

3. The average of diffused air speed is able to maintain over 30% from the initial FAS.

4. PMV tends to overpredict actual thermal sensation, in this case, even at no-air-movement condition.

5. At 28°C / 42.9% RH, air speed between 0.41m/s to 0.56m/s (seat-average of 0.49m/s) with power 
consumption of 1.8W per person can make 50% of the participants feel comfortable and over 90% 
of the participants feel the thermal condition to be acceptable even without group control.

6. At 28°C / 42.9% RH with elevated air speed, the comfort level improvement is limited.

簡報者備註
簡報註解
Here are the conclusion from this long journey.



Suggestions for Practitioner

1. Simplified CFD can provide preliminary understanding of air flow pattern in early 
design stage. 

2. Collective comfort zones can be designed by carefully arranging the placement of 
ceiling fan and desks

3. Personal or group control enables the occupants to adjust the air speed according to 
their preference more instantly.
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1. Simplified CFD can provide preliminary understanding of air flow pattern in early 
design stage. 

2. Collective comfort zones can be designed by carefully arranging the placement of 
ceiling fan and desks

3. Personal or group control enables the occupants to adjust the air speed according to 
their preference more instantly.

簡報者備註
簡報註解
And here are 3 suggestions for practitioner concluded from the conclusion



MultiFANS

簡報者備註
簡報註解
I would also like to propose for a new master thesis topic for next year: MultiFANS



OnlyFAN

Thanks for listening!

簡報者備註
簡報註解
Thanks for listening



Annex

OnlyFAN 86



PMV Prediction by Seat Air Speed
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Speed Speed_1 Speed_2 Speed_3 Speed_4 Speed_5 Speed_6 Speed_7 Speed_8 Speed_9
RPM 80 100 110 126 140 155 170 185 200
A 0.36 0.46 0.56 0.6 0.53 0.78 0.75 0.83 1
B 0.35 0.54 0.48 0.67 0.64 0.68 0.99 0.98 1.09
C 0.34 0.43 0.49 0.57 0.64 0.72 0.73 1 0.98
D 0.41 0.35 0.41 0.46 0.5 0.75 0.64 0.73 0.82
Avg_seat 0.37 0.45 0.49 0.58 0.58 0.73 0.78 0.89 0.97
Avg_all 0.31 0.39 0.42 0.5 0.52 0.63 0.68 0.77 0.83
A 0.1 0.26 0.34 0.24 0.27 0.33 0.27
B 0.17 0.16 0.2 0.25 0.21 0.27 0.26
C 0.24 0.16 0.23 0.27 0.21 0.31 0.23
D 0.09 0.18 0.26 0.21 0.33 0.28 0.38
Avg_seat 0.15 0.19 0.26 0.24 0.26 0.30 0.29

Measurement
height

0.85m

1.1m N/A N/A
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Air T. = 28°C | RH = 42.9% | MRT = 28.2°C | MET = 1.1 | clo = 0.57

簡報者備註
簡報註解
Then we calculated the seat-by-seat PMV based on air speed measurements both at 0.85 and 1.1m, with same thermal condition measured during experiment. 



Seat-average TSV by Given Fan Speed
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簡報者備註
簡報註解
Consider that the air speed at each seat differs from each other, the TSV was calculated by the seat-average for comparison with PMV values. For all fan speeds except 0, the TSV at seat B and C tends to be cooler than the TSV at seat A and D, reflecting the higher air speed at seat B and C. 



Air Movement Sensation by Body Parts 
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Local Draft Discomfort by Body Parts 

OnlyFAN 90



TSV of Group-selected Fan Speed
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簡報者備註
簡報註解
There is no clear difference between the TSV from fixed fan speed sessions. 



TCV of Group-selected Fan Speed
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簡報者備註
簡報註解
Neither for comfort vote.



Group-selection Process & Overall Experience
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