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LAMINAR FLOW RADIAL CEILING FAN: A STUDY OF ITS DESTRATIFICATION AND SIGNIFICANT HVAC
ENERGY REDUCTION AND THERMAL COMFORT

For the purpose of complete indoor air destratification and reduction of energy usage the presentation of a Laminar Flow
Radial Ceiling Fan (LFRCF) is exhibited. The benefits of such a system are specific to obtain and maintain homogeneous
Cooled or Heated air circulation to reach each corner of the indoor space. With the completion of a 2023 Purdue University
study that approached the postulate of energy reduction positive results are shown. The accomplishment demonstrated by the
study made use of ASHRAE Standard 55 (Fanger’s Thermal Comfort Model) applied to the impact of enhanced air flow on
thermal comfort. The embodiment will show results for three building types situated in three different climate zones. The three
building types are Large Offices, Large Hotels, and Secondary Schools. The Climate Zones are Tampa, Florida for hot
temperature and high humidity, New York City for mixed temperature and humidity, and Denver, Colorado for dry climate.
Destratification and full area circulation yields ancillary benefit(s) to the indoor air quality. Of consequence, High-Speed
delivery of HVAC air to overcome distance distribution deficiencies are replaced by the LFRCF, thus addressing occupant
comfort through resulting overall draft reduction. That is to say that homogeneous temperature delivered by the LFRCF
eliminates “Hot or Cold Spots”. Additionally, the benefit of the LFRCF circulation will assist in the reduction of mold
propagation since conditioned air is reaching all points within the area. This LFRCF application as a system produces factual
opportunities to increase comfort and reduce energy usage simultaneously.

INTRODUCTION

From a good number of published articles, the usefulness of thermal destratification for energy efficiency is clearly set out.
Additional benefits of thermal destratification also include occupant comfort. Yet and until recently no product created was
suitable for use in most indoor spaces. For example [1]: the papers’ introduction states: “Thermal destratification fans, such as
paddle fans, box fans, and the more modern and energy efficient axial turbine fans, are commonly used to even out the
temperature from floor to ceiling. This results in keeping the thermostat more satisfied, without the heating system
overproducing heat and without wasting energy. Reduced energy also means a reduction in carbon emissions to the environment
as well as reduced energy costs for home and business owners.” The study in [1] also adds that “Destratification appears to be
an effective means for evening out the temperature and thus promoting the advantages indicated in the introduction.” Further
as is stated in [2]:” In large industrial warehouses, warmer air tends to rise and cooler air to descend due to the variance of the
densities and thus buoyancies, creating a common phenomenon, thermal stratification, which is believed to be one of the largest
causes of building energy wastage in winter seasons for these spaces”. Additionally pointed out that research sited [2] “They
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predicted that, in cases without destratification, an extra 38% of heating energy is required for an 8 °C temperature difference
in hangar buildings.” This significant waste of energy citied is a driving factor for solutions that apply to stratification
occurrence within all structures. Those refenced works are herein given to establish an overall introductory view of the existence
of the problem that is due to the stratification of the vertical column of air within buildings. Regardless of the months of the
year the constancy of the problem is defined as is the energy waste occasioned by stratification.

To simply state the difficulties of implementing the benefits of Thermal destratification is not what this writing is about. What
the embodiment will present is an economic, easily implemented solution that does provide energy savings and human comfort.
Consider a reference frame of personal experience that defines the current state of solutions applied to HVAC systems. In
particular, the mechanics of complete area distribution of HVAC air into a given space, primarily two devices are employed,
volume and force. This result leaves occupants in front of registers colder and uncomfortable while those out of the air stream
are warmer and uncomfortable. The reciprocal is true when heat is required from the system. Add to this the desire to save
energy and the justification of employing the Laminar Flow Radial Ceiling Fan truly addresses both human comfort and energy
savings.

HVAC systems are tailored for variables such as the type of building or structure, regional climate, geographic orientation,
and insulation, to name a few. The known and applied conventional solutions sets that detail the size and composition of the
HVAC systems produce the best capable indoor climate and comfort as is expected. However, physics has a part in working
against that admirable goal.

THE LAMINAR FLOW RADIAL CEILING FAN (FAN)

Simplicity is elegant. The Fan design is for destratification of a singular room or Large Offices, Hotels and Schools. The basic
structure of the Fan is an array of multiple discs that rotate around a central axis Figure 1.

Figure 1 Depiction of multiple discs about a central axis captured in Figure 1.

The movement of air is for all intents and purposes the reciprocal of that produced from a bladeless Fan, as shown in Figure 2.



Figure 2 Air movement from a bladeless fan is depicted in Figure 2.

A Bladed Ceiling fan provides air movement in a single vertical column. The Fan has a unique flow pattern that results in a
input air flow that is best describes as an inverted vortex that picks up, or lifts the cooler air from the floor of the area covered
(nominally 400 Sq. Feet per single Fan).The floor being the depository for the cooler and thus denser air that is now lifted
vertically. The air is expelled 360 degrees in a smooth non-turbulent flow. The air flow pattern described above is ostensibly
how the area is destratified. Precise evidence of this is provided by two separate studies performed by Purdue University, West
Lafayette, Indiana [3] and [4]. The first study was to examine if thermal destratification was a real function of the Fan with the
second study to support the energy savings that can be attributed to the produced thermal destratification while using the Fan.
This function has been demonstrated with the bladed Fans of the Low Speed High Volume type(s) that are accepted and used
in large open areas based on the ability to thermally destratify the area. That style of ceiling fan is limited to large spaces, such
as Aircraft Hangers, Gymnasiums etc.

The first evaluation was accomplished with an early prototype whose total performance was less than half the output of the
current Fan. The test was conducted by Thanos Tzempelikos Assistant Professor of Civil Engineering-Herrick Labs Purdue
University [3].

[3] “Air velocity was measured at 11 locations inside the room, as shown in Figure 3, to capture the air flow near the floor,
near the ceiling, near the walls and in the room interior. For each of these locations, air velocity was measured at 5 different
heights (from ankle height to above head height), as shown in Figure 3. The fan was at the maximum speed (scale 6) during
these measurements. The fan results in very good air circulation in the room, with increased air velocity along the ceiling and
near the walls, and smaller velocity inside the occupied space. The maximum air velocity occurs at the ceiling level near the
fan, ranging between 1-1.24 m/s. At the height of seated occupants inside the space (P2, P3, P6, P7, P10), the air velocity at
the maximum speed varies between 0.22-0.35 m/s.”
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Figure 3 Measurement of air velocity at five different heights is shown in Figure 3.

According to ASHRAE Standard 55, the typical air velocity to ensure thermal comfort is around 0.2 m/s (Note that Maximum
air velocity is, as of 2022, rated at 4.6 m/s at the ceiling due to advancements in laminar flow and boosted efficiencies of 6
variable speeds that are available). From the conclusion of the first study: “The results of the testing show that the fan can
comply with these requirements. The typical limit of 0.2 m/s can be achieved with any of the lower scales of the fan, while for
summer conditions with slightly increased temperatures, the maximum scale will result in good air movement without causing
thermal discomfort. These results depend on the size of the room; for larger rooms more than one fan may be needed.”

Next was to evaluate the overall movement through the chamber and temperature stabilization. “The ability of the fan to
circulate air efficiently was studied next. A heat source was used to create small temperature stratification and the air
temperature was measured at locations P1-P5 Figure 3 at all different heights. The results are shown in Figure 4, where the
average temperature of each location is plotted as a function of elapsed time.”
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Figure 4 Average temperature compared to plotted location as a function of elapsed time is shown in Figure 4.

Within 90 seconds the chamber temperature became uniform. With this confirmation that thermal destratification was
accomplished the initiation of performance advancement came into being. The resultant improvements assured that rapid
Thermal destratification would occur and that comfort, as well as energy savings, would be accomplished.

THE NEXT LOGICAL STEP

Evident that quantifying projected energy savings also had to be accomplished, the next evaluation was set into motion. In
October of 2023 Purdue University completed a comprehensive study that verified the value of Thermal destratification
provided by the Fan [4].

The premise of this study was to quantify the postulate that the Fan will produce savings that are significant within a given set
of constrained parameters.

William Travis Horton Ph.D., Professor of Civil Engineering at Purdue University spearheaded this study [4].

PROBLEM DEFININTION AND RESULTS

[4] “Evaluate the potential for the Fan to reduce building energy consumption during the cooling season by allowing an increase
in the thermostat cooling setpoint temperature.” Again, the use of ASHRAE Standard 55 (Fanger’s Thermal Comfort Model)
to give an understanding of the enhanced airflow on thermal comfort and energy savings.

ASHRAE 2016 Energy Standard [5] — Large Office, Figure 5a — Large Hotel, Figure 5b— Secondary School. Figure 5c.



Figure S5a Depiction of a Large Office is shown in Figure 5a

Figure 5b Depiction of a Large Hotel is shown in Figure Sb.

Secondary School

Figure Sc Depiction of a Secondary School is shown in Figure 5c.

To accommodate different climates three Climate Zones selected were — Zone 2A: Hot/Humid — Tampa, FL, — Zone 4A:
Mixed/Humid — New York, NY, and — Zone 5B: Dry — Denver, CO.
Thermostat Cooling Setpoint Temperature— Baseline (as defined in the prototypical building model)
— Baseline + 2°F
— Baseline + 4°F
The following are details from a published Purdue University Report Summary [4] shown in Figure 6a through Figure 6g.
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Figure 6a Large Office Building with Zone Summary and Controls Summary in Figure 6a.

Large Office Building Results

Zone 2A - Miami

Baseline Temperatures Baseline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (kWh) 497,991 471,138 435,060
Comfort Cooling Energy Electric Savings (kWh) _ 26,853 62,931
Comfort Cooling Energy Savings (%) _ 5.4% 12.6%

Zone 4A — New York

Baseline Temperatures Baseline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (kWh) 227,699 192,946 204,011
Comfort Cooling Energy Electric Savings (kWh) _ 34,753 23,687
Comfort Cooling Energy Savings (%) _ 15.3% - Outlier 10.4%

Zone 5B — Denver

Baseline Temperatures Baseline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (kWh) 173,533 160,704 152,507
Comfort Cooling Energy Electric Savings (kWh) _ 12,829 21,025
Comfort Cooling Energy Savings (%) _ 7.4% 121%

Figure 6b Large Office Building results shown in Figure 6b.
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Figure 6¢c Large Hotel with Zone Summary and Controls Summary shown in Figure 6c.

Large Hotel Results

Zone 2A - Miami

Baseline Temperatures Baseline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (kWh) 859,442 811,392 771,275
Comfort Cooling Energy Electric Savings (kWh) _ 48,050 88,167
Comfort Cooling Encrgy Savings (%) _ 5.6% 10.3%

Zone 4A — New York

Baseline Temperatures Bascline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (kWh) 333,950 311,267 292,050
Comfort Cooling Energy Electric Savings (kWh) _ 22,683 41,900
Comfort Cooling Energy Savings (%) _ 6.8% 125%

Zone 5B — Denver

Baseline Temperatures Bascline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (kWh) 207,181 189,375 174,792
Comfort Cooling Energy Electric Savings (kWh) _ 17.806 32,389
Comfort Cooling Energy Savings (%) _ 8.6% 15.6%

Zone 5B — Denver

Baseline Temperatures Bascline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (kWh) 207,181 189,375 174,792
Comfort Cooling Energy Electric Savings (kWh) _ 17,806 32,389
Comfort Cooling Encrgy Savings (%) _ 8.6% 15.6%

Figure 6d Large Hotel results shown in Figure 6d.
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Figure 6e Secondary School with Controls Summary shown in Figure 6e.
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Figure 6f Secondary School with Zone Summary is depicted in Figure 6f.



Secondary School Results
Zone 2A - Miami
Baseline Temperatures Baseline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (kWh) 897,689 874,583 852,481
Comfort Cooling Energy Electric Savings (kWh) _ 48,050 88,167
Comfort Cooling Energy Savings (%) N 5.6% 10.3%
Zone 4A — New York
Baseline Temperatures Baseline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (KWh) 376,119 354,931 334,597
Comfort Cooling Energy Electric Savings (kWh) _ 21,189 41,522
Comfort Cooling Energy Savings (%) _ 5.6% 11.0%
Zone 5B - Denver
Baseline Temperatures Baseline +2F Baseline +4F
Annual Comfort Cooling Electric Energy (KWh) 267,453 248,908 231,744
Comfort Cooling Energy Electric Savings (kWh) _ 18,544 35,708
Comfort Cooling Energy Savings (%) _ 6.9% 13.4%

Figure 6g Secondary School results are shown in Figure 6g.

Demonstrated results can only highlight a portion of this approach to efficiency and comfort. A narrow view is to limit the
result of thermal destratification provided by the fan to only set temperature increase while retaining the standard baseline
level of comfort. Though significant in and of itself, ancillary benefits cannot be ignored. The study shows the start of
savings is at least a 10% energy reduction applied to the building types noted within. As stated above, delivery of HVAC air
is introduced into the room or area at force to ensure coverage. The blower that provides this can now find reduction in speed
in order to accomplish full saturation of HVAC air to all corners of the room or area. This too is a consequence of energy
savings that can be added to the attributes of the Fan. According to Dr. Hortons study [4]:“Results don’t include the Fan
energy consumption, but this is anticipated to be minimal compared to mechanical cooling energy.” The Fan draws 50 Watts
at its maximum speed.”

CONCLUSION

These data as presented above and for the first time distinctly show the basis of a concise ability to save energy for existing
buildings and homes without large renovation to systems or structures. Insomuch that the nomenclature of “Ceiling Fan”
conjures spinning blades the name Ceiling Fan for the Laminar Flow Radial Ceiling Fan that nomenclature predominantly
points to form, not function. Appropriately a more accurate description would be to look upon the Fan as part of the HVAC
distribution system, that can easily be integrated and will now start to reduce energy consumption. From an a priori basis we
know that each building is different. The Fan’s flexibility affords optimization to its surroundings that is easily achieved. By
touching each part of the area of coverage with conditioned air reduction in relative humidity is also a benefit of lifting the
denser air into the entire occupied space. This further benefits moisture reduction that would normally lead to mold growth. As
shown above, the Fan performs as first conceived and intended. In the EU, as of today, thousands of these fans provide the
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relief that the completed studies by Purdue University have shown. This acceptance in the EU should also bolster the use of
this simple solution on a wider scale.
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