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INTRODUCTION 

 

When designing educational environments with tall spaces, architects and mechanical engineers must 

address the issue of thermal stratification. While tall spaces can be an aesthetically pleasing design feature 

and are sometimes required for program use of the space, often these spaces experience thermal 

stratification. For schools, this is especially problematic in the winter months. Since it is natural for heat to 

rise, tall spaces experience cooler temperatures near the floor and higher temperatures closer to the 

ceiling. The issue is how best to move this excess heat down to the level where it is most needed. 

 

While most HVAC systems use both supply and return vents, they tend to be located strategically in the 

space and don’t always provide a wide range of coverage, which can result in dead zones. Heated air 

introduced at a lower level will quickly start to rise, leaving occupants at the floor level feeling cool. 

Additionally, it is difficult for the mechanical designer to introduce higher air volumes to improve air 

distribution without increasing the background noise associated with the HVAC systems. 

 

One solution is the use of High Volume, Low Speed (HVLS) fans to help supplement HVAC systems by 

reducing thermal stratification without increasing background noise. Minimal noise is especially important 

in educational environments, and the American Speech-Language-Hearing Association recommends 

keeping background noise levels in such environments to less than 35 dBAi. 

 
FIELD TEST BACKGROUND 

 

To test the idea of using HVLS fans to reduce thermal stratification, while having a minimal impact on the 

background noise, a field test was conducted in conjunction with Big Ass Solutions at the library of Cassidy 

Elementary School in Lexington, Kentucky. The library’s occupants are mainly kindergarten through fifth 

grade students with a few adults (librarians and teachers).  

 

The current library configuration was created after the construction of an addition. The Library has a long, 

narrow, tall central space (76’0” by 16’6”), with a 33-foot-high ceiling and glass clerestory windows (see 

Figure 1). Two sides of the library are open to the central room; these sections feature 9’6”-high ceilings. 

The HVAC system supplies air through three slot diffusers in the tall central space at about 11’0” above the 

floor, while the air is returned through ceiling diffusers in the two lower side spaces. 

 

  
Figure 1: Tall central space in the Cassidy Elementary library 

 



After the school reopened following the renovation, occupants experienced significant thermal 

stratification in the central library space. To remedy this issue, the school district installed two industrial, six-

bladed, 8-foot diameter, gear-driven HVLS fans in the library at 24’6” above the floor. While these fans were 

installed properly and helped reduce the thermal stratification in the space as intended, the occupants of 

the library found the fans noisy and distracting, so the fans were turned off and never used. 

 

The field test involved installing two commercial, eight-bladed, 10-foot diameter, direct-drive HVLS fans by 

Big Ass Solutions in the library in the Fall of 2014. Data was collected over a two-week period, with the fans 

off one week and then on the next. The fans were run in the forward direction at 30% of the maximum RPM. 

 

During this two-week field test, temperature and relative humidity data was collected at three heights 

above the central library space: 4’0”, 11’0”, and 18’0”. Figure 2, below, illustrates the location of the fans 

(yellow circles), temperature and humidity sensors (orange dots), as well as where air speed (blue dots) 

and acoustic measurements (green dots) were collected. The gray and green rectangles represent 

bookshelves and countertops. Current Transformer (CT) clamps were placed on the electrical panels to 

measure run times of the HVAC units serving the library. 

 

 
Figure 2: Cassidy Elementary room layout with data logger placement and data collection location diagram 
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It is important to understand that the two fans used in this field test were run in the forward direction at 

speeds that did not cause a noticeable draft at the occupant level. As seen in Figure 3, below, air speeds 

below 30 FPM do not create a perceived cooling effect (draft) at the occupant level. Air speeds of 30 FPM 

and above create a beneficial cooling effect (draft) for occupants. The figure below, which shows the 

correlation between perceived cooling and elevated air speeds, was created using the UC Berkeley CBE 

Thermal Comfort Toolii and is based on ANSI/ASHRAE Standard 55-2013iii. The assumptions used to create 

this figure are identified in the figure. 

 

 
Figure 3: Cooling effect from elevated air speed 

 

The fan manufacturer recommends running the fans in the forward direction to maximize the efficiency of 

the system, as reversing the fan can result in higher energy use. Figure 4, below, compares the energy 

consumption of the fan when running in the reverse and forward directions. The energy used by the fans 

operating in the forward direction at lower speeds is significantly less than the energy used by the fans 

operating in the reverse direction at a higher speed. 

 

To achieve the same air speed at the floor in the reverse direction, the fan speed needs to be higher   

because air has to travel across the ceiling, down the wall, and across the floor to reach the occupants. 

When operating the fans in the forward direction, air moves directly from the fan to the occupants below. 

The increased efficiency of the fan operating in the forward direction is primarily due to the shape of the 

airfoils and size of the fans. This allows the fans to move large volumes of air straight down to the floor at 

low speeds without creating a noticeable draft. 

 

 
Figure 4: Fan energy consumption 



THERMAL STRATIFICATION 

 

From 8:00 a.m. until 3:15 p.m. the library was typically occupied by students, teachers and two librarians. 

During lunch, the space was unoccupied. Temperature and relative humidity data was collected daily 

from 7:30 a.m. until 4:00 p.m., using U12-013 Onset loggers that recorded the readings every minute. 

 

Temperature sensors were placed on three air supply grilles, which were connected to the same central 

air handler unit. The data showed the air supplied at each grille was the same temperature. Figure 5, below, 

shows the results of the sensor on the first unit for the two weeks of data collection, overlaid on the same 

time scale for comparison purposes.  In weeks one and two, the unit was in constant heating mode. 

 

 
Figure 5: Unit one outlet temperature 

 

Figure 6, below, shows the internal temperature and relative humidity readings collected by the data 

recorders at the three different heights. The results from week one (with the fans off) show a clear difference 

in temperature at each of the three heights, with higher temperatures at higher levels. During the first week, 

the maximum temperature difference (shown in gold at the bottom of the chart) was 4.3 degrees 

Fahrenheit. 

 

 
Figure 6: Temperature stratification during week one (fans off) 

 

During week two (with the fans on) the temperatures recorded at all three levels were very close to each 

other, with a maximum temperature stratification of 1.2 degrees Fahrenheit (see Figure 7, below). 

 



 
Figure 7: Temperature stratification during week two (fans on) 

 

When the temperatures from the two weeks are compared (see Figure 8, below), the change is dramatic. 

With the fans on, temperatures at different heights are very consistent. 

 

 
Figure 8: Temperature stratification comparison 

 

HVLS fans in the library also reduced the run time of the HVAC system. In the first four days of fans-off testing 

during week one, the HVAC system serving the library ran for a total of 11 hours, 21 minutes. In the first four 

days of fans-on testing during week two, the HVAC system ran for a total of 9 hours, 34 minutes. This was a 

15.7% decrease in total run time, as shown in Figure 9, below. 

 

 
Figure 9: Cassette VRF unit run time 

 

To account for variations in outside weather, Heating Degree Days (HDD) were taken into consideration. 

HDD are used to reflect the impact of outdoor air conditions on heater run time on a given day. The higher 

the HDD, the lower the average outside air dry bulb temperature. 

 

Date Run Time (Fans Off) Date Run Time (Fan On)

9-Dec 2:11 16-Dec 1:44

10-Dec 2:19 17-Dec 2:10

11-Dec 3:54 18-Dec 2:24

12-Dec 2:55 19-Dec 3:15

Total 11:21 Total 9:34



HDD for this test are shown in Figure 10, below, and are used to normalize the data based on outside 

temperature variations. The bottom right value in each table shows the run time as normalized against the 

weekly HDD sum. The larger each normalized value gets, the more time the units must run to heat the 

building per HDD. By calculating the difference in these two values to account for the difference in the 

outside air temperatures, a 16.3% decrease in the run time of the units is shown. 

 

 
Figure 10: HDD normalization calculations 

 

ACOUSTIC STUDY RESULTS 

 

Acoustic data was collected to illustrate the difference in sound between the industrial six-bladed, 8-ft 

diameter, gear-driven HVLS fans and the commercial eight-bladed, 10-ft diameter, direct-drive HVLS fans. 

To accurately compare the two fans, they were run at speeds that created similar air velocity profiles at 

occupant level. This data was collected at the highest speed at which the fans could be run without 

causing the banners on the wall to flutter or papers on the shelves to move. 

 

The results of the acoustic data collected while the industrial six-bladed, 8-ft diameter, gear-driven HVLS 

fans were not running measured the mean ambient background noise level at 42.3 dBA. The acoustic 

signature of the fans while they were running was measured at 53.3 dBA—an increase of 9 dBA. When the 

sound increases by 10 dB, the sound is about twice as loudiv. A 9 decibel difference is almost twice as loud 

as the original background noise levels. 

 

It is important to understand that clear distinguishable tones (single frequencies) can cause more 

annoyance than high dBA levels, making the tone sound louder.  Most sounds created during human 

speech are between 200 and 8,000 hertzv, and the jump in pressure at 8,000 hertz could interfere with 

higher-frequency sounds. The spike in the 8,000 hertz frequency that occurred when the industrial six-

bladed, 8-ft diameter, gear-driven HVLS fans were on, is an example of this (see Figure 11, below).  

 

 
Figure 11: Acoustic profile of two industrial six-bladed, 8-ft diameter, gear-driven HVLS fans at high speed settings 

 

Date HDD Run Time (min) Run Time/HDD Date HDD Run Time (min) Run Time/HDD

9-Dec 27 131 4.9 16-Dec 20 104 5.25

10-Dec 30 139 4.6 17-Dec 33 130 4.00

11-Dec 33 234 7.1 18-Dec 36 144 4.06

12-Dec 34 175 5.2 19-Dec 37 195 5.27

Sum 124 679 5.49 Sum 125 573 4.59

Fan Off Data Fan On Data



Without the two commercial eight-bladed, 10-ft diameter, direct-drive HVLS fans running, the background 

noise level was 36.7 dBA. When the fans were running, the acoustic level was 40.2 dBA—an increase of 3.5 

dBA (see Figure 12, below).  It is important to note that the typical acoustic profile of the commercial eight-

bladed, 10-ft diameter, direct-drive HVLS fans has a more even and consistent shape than the typical 

profile of the industrial six-bladed, 8-ft diameter, gear-driven HVLS fans. 

 

 
Figure 12: Acoustic profile of two commercial eight-bladed, 10-ft diameter, direct-drive HVLS fans at high speed setting 

 

The commercial eight-bladed, 10-ft diameter, direct-drive HVLS fans that were used during the field test 

were also tested at 30% of the fans’ maximum speed. This is the speed used during the two weeks of the 

study.  In Figure 13, below, the results show an acoustic signature of 38.5 dBA at this setting (over a baseline 

of 36.8 dBA with the fans off), an increase of 1.7 dBA. Because of this, the two commercial eight-bladed, 

10-ft diameter, direct-drive HVLS fans had a minimal impact on the acoustic noise level in the Library. 

 

 
Figure 13: Acoustic profile of two commercial eight-bladed, 10-ft diameter, direct-drive HVLS fans at low speed setting 

 

CONCLUSION 

 
Designing tall spaces for educational facilities requires careful consideration of many variables to avoid 

detrimental effects on the learning environment. This study focused on the use of HLVS fans to reduce 

thermal stratification, as well as reduction of background noise created by these fans. 

 



Extraneous noise can negatively impact speech recognition and learning, especially in library designs.  The 

American Speech-Language-Hearing Association (ASHA) Working Group has set standards for acoustics in 

educational and classroom environmentsvi. The first two standards are applicable to this study; the third 

was not a focus of this study. 

 

1. The unoccupied classroom levels shall not exceed 35 dBA. 

2.  The signal-to-noise ratio (“SNR”, the difference between the teacher’s voice and the background 

noise) should be at least +15 dBA at the student’s ears. 

3. Unoccupied classroom reverberation must not surpass 0.6 seconds in small classrooms or 0.7 in large 

classrooms. 

 

When the addition first opened, the library experienced thermal stratification in the tall space. Because of 

this, two industrial six-bladed, 8-ft diameter, gear-driven HVLS fans were installed to combat thermal 

stratification.  However, due to the excessive noise these fans produced, they were soon turned off and 

the space continued to be affected by thermal stratification and higher energy use. 

 

When the two commercial eight-bladed, 10-ft diameter, direct-drive HVLS fans were installed, three things 

occurred: 

1. The HVAC system ran less often. 

2. Thermal stratification was reduced. 

3. There was a minimal increase in background noise level when the fans were on. 

 

This proves the two commercial eight-bladed, 10-ft diameter, direct-drive HVLS fans were a success and 

met the needs of the space. There was a 16.3% decrease in the run time of the HVAC unit when Heating 

Degree Days were factored in. The thermal stratification was reduced from a 4.3 degree Fahrenheit 

difference to a 1 degree Fahrenheit difference in the library’s tall central space.  The overall increase in the 

background noise level was 1.7 dBA—only a 4.5% increase.  Additional measures outside the scope of this 

study could help reduce the baseline background noise level to below the recommended 35 dBA level. 

 

When looking for solutions to thermal stratification in educational tall spaces, direct-drive HVLS fans are a 

clear choice, especially when there is a need to minimize additional background noise and reduce the 

energy consumption of the HVAC units. 
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