CoolingLogic™
A Method to Increase HVAC System Efficiency
And Decrease Energy Consumption
White Paper

David L. Johnson Jr.
Johnson Solid State, L.L.C.
Cellular: 586-909-2665

September 24, 2016

www.CoolingLogic.com

This report and the information in it is the property of David L. Johnson Jr.. This report may not be reproduced
or copied in its entirety, or in part, without the express written permission of David L. Johnson Jr.. Copyright 2016.

1

Table of Contents
Introduction

Page 3

Overview

Page 4

Utilization of Thermal Capacity

Page 8

Boosts Efficiency up to 100 SEER

Page 10

Saves Energy while Maintaining Air Quality

Page 11

Simple and Inexpensive to Implement

Page 12

Saves on Equipment Wear and Maintenance

Page 12

Reduces the Need for Humidification in Dry Climates

Page 13

An Example Structure

Page 16

An Example Embodiment of the Invention

Page 18

Market Sectors

Page 20

Residential

Page 20

Commercial

Page 25

Industrial

Page 37

HVAC Equipment Manufacturers

Page 37

Controls Manufacturers

Page 37

Conclusion

Page 40

Disclaimer

Page 40

Current Status

Page 41

About the Patent

Page 42

Works Cited

Page 43

Appendix A

Page 45

Appendix B

Attached

This report and the information in it is the property of David L. Johnson Jr.. This report may not be reproduced
or copied in its entirety, or in part, without the express written permission of David L. Johnson Jr. Copyright 2016.

2

Introduction
According to EnergyStar™, nearly half the energy used by the average home or
business goes to heating and cooling [1]. In this report, you will discover CoolingLogic™
— a patented heating, ventilation, and air conditioning (HVAC) process that delivers a
highly effective solution. It takes advantage of the colder morning air along with the
large thermal capacity of many buildings. The major benefit? A substantial reduction in
the amount of energy used throughout the day to keep the building cool, which
translates into substantial savings on energy bills. Additional benefits include reduced
wear and maintenance on the cooling equipment and improved indoor air quality with
reduced need for ventilation during inopportune times (such as the heat of the day).
CoolingLogic™ can be used to benefit commercial buildings as well as in residential
and industrial applications.
The cost to implement CoolingLogic™ is nominal.
Yet if 10,000 big-box-type stores in the United States adopted it,
they would save an estimated $1 billion over 3 years.
This invention offers the potential for air conditioning systems to obtain
efficiency ratings approaching 100 SEER, which will transform the industry,
opening unmatched advantage on a worldwide market to the company holding
the rights to this invention.
The CoolingLogic™ process utilizes the ventilation fans and/or dampers to actively
and/or passively vent the warmer, internal air of a structure, which will then be replaced
by colder, early-morning air from outside. This cold air from outside will significantly
reduce the temperature of the air within the building along with the structure of the
building and objects within it, reducing or eliminating the need for mechanical air
conditioning throughout the day. The invention/process utilizes the thermal capacity of
the building, which will then help to buffer the change in temperature as the temperature
increases outside and begins to increase the indoor temperature. Often, the warm
interior air is exhausted at the roof of the structure, where the air inside the structure is
typically the warmest.
The optimal time for the use of CoolingLogic™ varies by season and geography;
however, in most locations, the coldest part of the day is 4:00 a.m. to 6:00 a.m. In the
northern United States, this system could be utilized for a large portion of summer,
spring and fall to help keep building temperatures down and minimize HVAC-related
expenditures. In southern states, the optimal time of the year for the CoolingLogic™
process would be in spring and fall, when temperatures are below or near 65oF in the
early morning and above or near 70oF during the afternoon.
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Overview
During the early morning hours, CoolingLogic™ vents warm air from inside the structure
to the outside of the structure and vents cold air from the outside of the structure to the
inside of the structure.
CoolingLogic™ effectively produces a mathematical “model” of the structure and then,
using calculus, determines exactly how much energy will need to be transferred into the
structure for the next day, based on historical data, the next day’s set points, the
“model” and, optionally, weather-prediction inputs coming from barometric sensors, the
world wide web, etc. CoolingLogic™’s patented mathematical equations and processes
ascribe numeric values to heat transfer calculations, without necessarily ascribing “real”
units to those values. For example, if the ∆T of in-taking outdoor air is known, but if the
CFM of airflow is not known, then it’s impossible to calculate BTU of heat transfer;
however, is BTU of heat transfer needed, or does one simply need to know the output of
the ventilation system and the ∆T of in-taking outdoor air? In fact, if CFM is a relative
constant, then it is not necessary to know CFM in order to build a useful “model” of the
structure.
CoolingLogic™ effectively transfers exactly the “right amount” of heat energy, and also
does much more. Because it’s necessary to build a “model” of the structure in order to
effectively utilize the inputs used to determine exactly how much heat energy needs to
be transferred, some other really interesting facets of the structure are revealed.
CoolingLogic™ not only saves money, but it also shows the percentage of heat energy
generated within a structure due to internal heat sources (people, computers, lighting,
etc.), and roughly calculates the R-value of the structure’s envelope. All of this is done
with very inexpensive sensors, which are already installed in most commercial HVAC
units. In general, only a few $2 temperature sensors are needed, so the cost of
implementation is extremely low.
In a way, the math involved effectively does the same thing as a person who scores a
perfect game of “skeeball”. In skeeball, it’s necessary to apply exactly the “right amount”
of energy to the ball so that it hits the ramp and “jumps” into the hole to obtain the
highest score. A person who is very good at skeeball is able to predict exactly how
much energy to transfer, and then transfers exactly that much energy to the ball.
CoolingLogic™ determines exactly how much energy is needed to maintain zero need
for heating or cooling, and then transfers that exact amount of energy at exactly the
right time. The end result is that neither mechanical heating nor refrigerant cooling is
needed during most days of the cooling season (dependent on location), and also of
equal importance, the “cooling” energy transferred is transferred at the most opportune
time of the day, when outdoor air temperatures are the lowest.
Exhaust fans are most often located on the roof, drawing air from near the ceiling —
optimally placed to remove the warmest air in the building. Due to air stratification (the
different thermal layers of air within the building), in most cases, the warmest layers are
nearest the ceiling and the coldest layers settle closer to the floor. Whether passive or
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active venting is used, CoolingLogic™’s fundamental principles have the potential to
deliver great profitability.
By introducing a large amount of cooler air into the building in the morning, the overall
temperature of the air within the building can be decreased by multiple degrees. A
difference in a few degrees is very significant when looking at how much energy is
removed from a building by lowering the temperature. In most buildings in the United
States, the insulation in walls does a reasonably good job of keeping heat out and
keeping temperatures from increasing within the building. In a building with an R-value
of 30, an indoor temperature of 70oF, and an outdoor temperature of 90oF, the rate of
heat transfer through the walls and ceiling exposed to the outdoors would be 0.667
BTU/hr-ft2 (Appendix A.1).
On many days of the year, the CoolingLogic™ process can completely eliminate the
need to cool a structure mechanically with refrigeration systems. It also greatly improves
indoor air quality by introducing fresh outdoor air.
In a large building with a large volume of air and many materials with substantial
thermal capacities, a few degrees’ temperature difference means that it will take a large
amount of energy to increase everything back to the original temperature of the air and
materials, had the CoolingLogic™ process not been implemented. Decreasing
temperatures by utilizing CoolingLogic™ uses little to no additional energy and results in
a much larger energy buffer before the air conditioning units need to be used, thus
reducing or eliminating the amount of time that the air conditioning units need to run.
The energy/money savings due to multiple hours of reduced daily air conditioning use
would be substantial in many air conditioning applications.
While CoolingLogic™ would remain active at all times, it delivers the most notable
benefit when the outdoor temperature is near or below 65oF in the early morning
(assuming an occupied cooling set point of approximately 70oF) and when cooling
demand would be required that day. CoolingLogic™ is adaptive, which means that it is
suited for use in any environment and for any structure. Figures 1, 2, 3, and 4 on the
following pages show the average monthly high and low temperatures for Atlanta,
Georgia; Detroit, Michigan; Las Vegas, Nevada; and New York, New York; respectively.
In Atlanta, CoolingLogic™ could be used very effectively from April to October. In
Detroit, it could be used very effectively from April through September. In Las Vegas,
the CoolingLogic™ process could be used very effectively from March to May and from
September to November. In New York, it could be used very effectively from May to
September. Date ranges for these various cities reflect the optimal months during the
year for each location.
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Figure 1: Plot of average high and low temperatures in Atlanta, Georgia

Figure 2: Plot of average high and low temperatures in Detroit, Michigan
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Figure 3: Plot of average high and low temperatures in Las Vegas, Nevada

Figure 4: Plot of average high and low temperatures in New York, New York
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Utilization of Thermal Capacity
Throughout much of this document, a one-degree “buffer” below the typical 70°F set
point (for convenience purposes) is used to discuss the effects and significance of the
CoolingLogic™ process; however, typical CoolingLogic™ target indoor temperatures
will be closer to a three-degree spread. Also notable is the fact that air stratification of
the different thermal air layers inside a structure above 10’ high will cause the indoor air
temperature at the thermostats/sensors (which are typically mounted between four and
five feet above the floor) to read cooler air and not activate the mechanical (refrigerantbased) cooling system during the day. With typical system operations, the thermal
layers remain in place, at least to some extent, throughout the day and until the next
morning. In typical system operation, without CoolingLogic™, the next day begins with
thermal layers in place. When the structure goes to an occupied state, the air near the
ceiling does not act as an effective buffer. By contrast, with CoolingLogic™, the air near
the ceiling is removed from the structure. With the resulting thermal layer buffer in place,
the temperature of that air can be up to around 1°F, per every five feet, greater than the
air near the indoor air temperature sensor, before mechanical (refrigerant-based)
cooling is needed[2].
The buffer effect CoolingLogic™ delivers is increased when other materials at high
elevations within a building/structure impact the total thermal capacity of a structure. For
example, “wet” sprinkler or fire suppression systems typically include piping, filled with
water, which is often located near the ceiling of the structure. For structures like these,
the total thermal capacity of the water in the fire suppression systems could equal onethird of the total thermal capacity of all the air inside the building envelope (Appendix
A.3). One could also calculate that the water in the fire suppression system will have a
typical change in temperature between 67oF and 74oF for every 24-hour period where
CoolingLogic™ has been active. The 67oF temperature would occur once the
CoolingLogic™ process flushed the structure with cool outdoor air, thereby lowering the
temperature of the water in the fire suppression system. The 74oF temperature would
occur shortly after the heat of the day, while the HVAC systems of the structure
maintain an indoor air temperature of 70oF five feet above the floor at the space
temperature sensor, but due to air stratification/thermal layers, the air around the fire
suppression system would be around 74oF. Therefore, the CoolingLogic™ process
cools down the water in the fire suppression system, which then acts as another buffer
to keep the building itself cool.
There is very little data available on air stratification in structures, making it difficult to
mathematically quantify the savings that CoolingLogic™ would provide. Obviously,
many structures have significant air stratification, or thermal layers, present during the
cooling season, as any experienced HVAC contractor can attest. Some computer
models may accurately show the air stratification that a structure may have. While
investigating the matter, and knowing that air stratification characteristics of most
buildings will add an additional, significant benefit to the CoolingLogic™ process, we
found that the level of air stratification is highly dependent on factors specific to
individual structures and, to a lesser degree, the heat generated within those structures.
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For the purposes of this document, estimates are based upon a study completed in
Spain, which indicates that the typical air stratification/thermal layers of a structure
tends to be about a 1oF increase in temperature for every five feet [2].
Section 3 of Appendix A shows that the thermal capacities of the construction materials
used/included in the construction of the example structure (discussed below) are
significant. Perhaps the most significant source of the total thermal capacity of a
structure is the miscellaneous materials within that structure. An increase in surface
area of a substance increases the thermal transfer rate of the substance. Because
buildings/structures contain items with thermal capacity, the actual thermal capacity of
the materials inside a structure (even if they are not part of the actual structure) will
often be the greatest source of the total thermal capacity of that structure. Concrete
floors have tremendous thermal capacity, however concrete floors also have very low
heat transfer coefficients, so the thermal capacity of a structure’s concrete floor, which
is useful for CoolingLogic™, is limited. However, a steel shelf, interior bricks or
masonry, interior walls, or even office equipment will typically have good thermal
capacity. Items like these deliver much higher heat transfer coefficients due to the
conduction rate of the material, the effects of air migration affecting the heat transfer to
and from that material, and the increased surface area. A concrete floor has very low
heat transfer coefficients when absorbing and releasing heat energy, as well as only a
single, horizontal surface with exposure to the air. By contrast, other materials within the
structure will have more than one surface. Their vertical surfaces are typically much
more effective at transferring heat via convention/conduction, making them much more
effective thermal conductors of heat energy from themselves to the air, and from the air
to themselves. The effective thermal capacity of the items inside a structure is a
very important consideration when considering the benefit of CoolingLogic™.
Boosts Efficiency up to 100 SEER
CoolingLogic™ effectively transfers heat, but in most cases it will utilize HVAC
equipment to do so. This consumes energy. So, how efficient is the heat transfer via the
CoolingLogic™ process compared to standard mechanical (refrigerant-based) cooling
methods?
The efficiency of CoolingLogic™ can be calculated using “rules of thumb”. The
efficiency of the heat transfer which CoolingLogic™ provides can vary, depending on
factors including, but not limited to:
·
·
·
·
·

The total specific efficiency of the HVAC system(s) while introducing outdoor air
into the structure
The specific efficiencies of the components in the HVAC systems
The typical regional temperature
Enthalpy conditions of the outdoor ambient air in the region
Indoor air temperature set points of the structure
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Following are four “rules of thumb” used in our efficiency calculation, based on accepted
estimates in the HVAC industry:
1. Typical roof-mounted, packaged, HVAC units, cooling at 100%, typically provide
a temperature difference (∆T) of 20oF between the supply air and the return air.
2. Blower motor energy consumption of a typical roof-mounted, packaged, HVAC
unit, consumes between 10% and 15% of the equipment’s typical energy
consumption while operating in the cooling mode with 100% cooling output (all
compressors on, all condenser fan motors on, and blower motor on).
3. Typical (the most common style of) roof-mounted exhaust fans with a low
differential static pressure are able to move an equivalent amount of air as roofmounted HVAC systems, but only using half of the energy.
4. Typical HVAC blower systems are designed to provide 400 CFM of airflow per
ton of cooling ability.
Based on the “rule of thumb” for exhaust fan efficiency, and that of the efficiency of the
blowers of roof-mounted, packaged, HVAC units, we can assume that the typical
efficiency of transferring a certain amount of air into and out of a structure requires
about 10% of the energy which would be needed to mechanically cool the same volume
of air via mechanical means (refrigeration based systems).
A generally accepted calculation of the Seasonal Energy Efficiency Ratio (SEER) is:
SEER = (seasonal Btu of cooling) / (seasonal watt-hours of electricity used). For
simplicity, we will use the equation SEER = (Btu of cooling) / (watt-hours of electricity
used) in determining the SEER value for equipment operating the CoolingLogic™
process. Accepting the assumptions of the preceding rules of thumb, we can calculate
that if the outdoor air temperature is 54oF, and the air near the ceiling of the
example/model structure is at 74oF, then when that air is ventilated, 54oF into the
structure, and 74oF out of the structure, effectively there is a ∆T of 20oF. Considering
the preceding, which is that ventilation costs would be about one tenth of the cost of
running a RTU at 100% cooling (i.e. 0.1 factor of energy consumption), then the “SEER”
of cooling with the CoolingLogic™ process would be: ∆T of CoolingLogic™ / ∆T of
normal cooling * SEER value of normal cooling / factor of energy consumption. The
SEER value of CoolingLogic™ process is dependent on the HVAC equipment being
used. Under current law, all new HVAC equipment must be at least 13 SEER; however
old and new equipment typically have inefficiencies (dirty coils, etc.) which cause SEER
to be around 10. Therefore the SEER of the CoolingLogic™ process in this example
would be:
SEER of CoolingLogic™ = (exhausted air temperature – intake air temperature) / ∆T of
normal cooling * SEER value of normal cooling / factor of energy consumption
SEER of CoolingLogic™ = (74 degrees – 54 degrees) / 20 degrees * 10 SEER / 0.1
SEER of CoolingLogic™ = 20 degrees / 20 degrees * 10 SEER / 0.1
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SEER of CoolingLogic™ = 1 * 10 SEER / 0.1
SEER of CoolingLogic™ = 100 SEER
If, however, it was a very warm summer night of 64oF, with 74oF air near the ceiling, the
∆T would be 10oF and the SEER value would equal 50, or SEER=50.
Saves Energy while Maintaining Air Quality
One consideration in system sizing is the amount of fresh air a system is required to
bring into the structure by the governing authorities (i.e. International Mechanical Code).
In fact, a major portion of the work that a refrigeration system does when conditioning a
structure is to draw air in from the roof and condition that air. This is because of
regulations which dictate the following:
·
·
·

Either a certain amount of air must be brought into the facility during occupied
periods
Or indoor air quality must be maintained via sensors (i.e. CO2 sensors
Or a combination of the two.

This explains why cooling systems are often so oversized. Factoring the reduction in the
need to introduce fresh air into a structure is complicated. It involves the respiration
rates of the individuals inside the structure, the average number of individuals inside the
structure at any given time and many other considerations. However, if, through the
CoolingLogic™ process, all of the air in the facility is completely flushed each morning,
for many structures, there will be no need to ventilate due to high CO2levels. This
delivers significant energy savings by virtually eliminating the need to introduce outdoor
air into a structure at inopportune times (such as during the heat of the day).
Simple and Inexpensive to Implement
While there are many “pros,” there is one “con” in CoolingLogic™: the small added cost
of implementing it into a new or existing HVAC system. In some cases, components
other than controls may need to be added to an HVAC system so that the
CoolingLogic™ process can be successfully or more efficiently implemented. In many if
not most cases, though, only minor controls need to be added to system configurations
— no additional mechanical equipment is needed. Many roof-mounted, packaged,
HVAC units already have economizers, and many structures have exhaust fans. Even if
a structure has roof-mounted, packaged HVAC units without economizers — and even
if the structure does not have appropriate exhaust systems — the ROI for adding such
equipment and the implementation of the CoolingLogic™ process makes the change in
the configuration desirable in most situations. For new installs, implementing
CoolingLogic™ could be as simple as installing a “thermostat” and a roof-mounted
HVAC unit with the invention pre-installed/pre-configured at the factory. In this case, the
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implementation costs could be as inexpensive as a few cents per embodiment of
the CoolingLogic™ process.
Saves on Equipment Wear and Maintenance
Systems rarely function at their listed SEER rating once they are installed and begin to
operate — especially in large structures. Individual pieces of equipment may have
certain failures that will cause the equipment to cool poorly, or even fail to cool
altogether. This can occur due to issues like plugged coils, low refrigerant charges, bad
compressors, bad condenser fan motors, bad blowers, etc. There are many “links in the
chain” — many areas that have potential for reducing efficiency. During these failures,
even though the heat transfer rate drops, the units may still use the same amount of
electrical current as the equipment’s full load amp rating indicates.In a large structure,
like a “big-box store” or factory, those failures or inefficiencies can go unnoticed for
weeks or even months, because the other units are able to keep the inside of the
structure cool enough, masking the failure.
Because CoolingLogic™ causes the indoor temperatures to drop below the occupied
cooling set point, it offers a compounded benefit in these situations. With the typical
configuration of a roof-mounted packaged HVAC unit, the only components upon which
CoolingLogic™ relies are the blower and the economizer (also ideally, a powered
exhaust system). These components rarely have issues with inefficiencies in their
operation.
If one could prove a correlation between equipment run times and maintenance
expense, in much the same way that one might make a correlation between changing
the oil in one’s car based on mileage, then one could quantify the savings based on the
reduction of mechanical (refrigerant) cooling used. For example, compressors wear
based on operation time and other factors, coils get plugged based on air flow through
those coils (operation time), and failure rates of components like compressors and fan
motors due to electrical brownouts and power surges is directly related to the
components’ operation time (since power problems can’t destroy a component which is
electrically isolated, as a compressor or fan motor typically is when off). It’s logical to
deduce that electricity consumption is only one consideration in regards to the
CoolingLogic™ process. Also significant is the benefit of increased equipment life cycle
and the reduction in equipment repair and service costs. One can estimate that
electricity consumption only accounts for a percentage of a typical RTU’s cost. One can
also estimate that the remaining percentage, if amortized over twenty years (which
could be considered a typical life span for a roof-mounted HVAC unit), would be the
cost of the equipment, the cost of repairs made to that equipment, and also
maintenance costs of that equipment (i.e. changing air filters).
Residential systems tend to be more robust and economical in terms of repair and
upkeep cost, due in part to the fact that homeowners change filters, examine the
equipment and notice and fix problems quickly. Roof-mounted commercial and
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industrial HVAC units fail more frequently than residential systems, necessitate
professional attention more frequently and result in higher service/maintenance costs.
Things like acid-cleaning dirty condenser coils and problems with refrigeration circuits
could be directly related to equipment run time.
Reduces the Need for Humidification in Dry Climates
It’s a common misconception that humid indoor air during the cooling season is a bad
thing. In many arid parts of the world, it’s not uncommon to have humidification
equipment and mechanical cooling operating at the same time. Also, in arid parts of the
world, there is often a more drastic swing in temperature during the day/night cycle.
Since the effectiveness of CoolingLogic™ is directly related to the degree of
temperature deviation which takes place during the day/night cycle, and since arid parts
of the world often utilize mechanical temperature control as well as mechanical
humidification at the same time, the opportunity to bring in humid, cool air during the
predawn hours by utilizing CoolingLogic™ has multiple benefits. CoolingLogic™
increases the net thermal capacity of the structure, reducing the need for mechanical
humidification. CoolingLogic™ also helps meet fresh air intake requirements when it is
actually profitable to intake outdoor air (because of indoor air quality concerns) and
reduces the operation time needed for the mechanical cooling systems to condition the
structure in order to meet the indoor air temperature set points. CoolingLogic™ tends to
be extremely desirable/profitable in arid or dry climates.
As the temperature of the air decreases, the relative humidity of the air increases due to
a decrease in the amount of water the air is able to hold. As the indoor air temperatures
increase, the mass of water vapor (per volume) in that air will necessarily decrease as
the air molecules speed up and the air density decreases. The basic principle is that
cool air has a greater thermal capacity than warm air because, when air is cooler, the
molecules are packed more closely together. The scale of thermal capacity of the air
inside a structure is not linear based on temperature alone, but rather is based on the
combination of temperature and humidity. As the air inside the structure heats up, the
air molecules expand, causing the mass of air inside the structure to decrease. The
reduction of air mass in the structure is only accomplished via air escaping the envelope
of the structure. As the air escapes, it takes some water vapor with it. All of this leads to
two key ways in which the CoolingLogic™ process can boost the thermal capacity of a
structure:
1. By cooling the air in the structure, because a structure’s thermal capacity is
greater if the air inside it is cooler.
2. By humidifying the air in the structure, because additional humidity increases the
thermal capacity of the structure.
Figure 5 shows the hourly change in temperature and relative humidity in Las Vegas
from March 20, 2014 to March 25, 2014. In the morning, when the temperature is
lowest, the relative humidity is highest due to the decrease in water vapor capacity of air
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at lower temperatures. With the increased density of air at lower temperatures, the
higher-density air with higher relative humidity has a higher thermal capacity than the
warmer air with lower relative humidity. The higher thermal capacity of this cool air also
benefits the CoolingLogic™ process by helping to maintain the lower temperatures in
the building as the temperatures outside rise throughout the day and begin to increase
the indoor temperature.
The effects of the “buffering” which water/humidity provide may best be shown by
examining the temperature swings of regions surrounded by water. For example, even
in northern latitudes, for places like Michigan or Alaska, water vapor is a significant
factor in moderating outdoor air temperature swings. You will notice, upon inspection of
the following charts, that Las Vegas has significantly greater temperature swings during
the day/night cycle than Detroit. Anyone who has experienced nighttime in a desert and
nighttime in a region surrounded by water can tell you that the temperature swings from
the day/night cycle are more severe in arid climates.
It should be noted: just as soon as the high RH air from outside the structure enters the
structure and mixes with the air inside the structure, the RH changes (it drops) because
the temperature of the air changes. CoolingLogic™ would not cause condensation
problems inside structures due to intaking outdoor air because that air would be cooler
than the inside of the structure. Likewise, the materials inside the structure would
always be above the dew point, since that outdoor air is being used to cool the indoor
air.Saying that condensation would become an issue would be like saying that
condensation is a problem on an asphalt road in Texas during a hot and sunny day.
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Figure 5: Plot of hourly humidity and temperature in Las Vegas from March 20, 2014 to
March 25, 2014
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An Example Structure
If one assumed that a certain big-box store, like a typical Home Depot, was
approximately 100,000 square feet (500’ x 200’), with 25’-high walls, and had an overall
average R-value of 19, then one could calculate the transfer rate of heat from the
outdoors to the indoors, with an average indoor temperature of 70°F, and an outdoor air
temperature of 80°F, not counting the floor as a heat source (relative to the building), as
being 5.9 tons/hr (Appendix A.4). One might also calculate that the same store would
have an outdoor fresh air intake requirement, in cubic feet per minute (cfm), which
would correlate to an energy transfer of 10.9 tons/hr., given that the indoor air
temperature is a continuous 70oF and the outdoor air temperature is a continuous 80oF
(Appendix A.5).
Outdoor air temperatures are never constant throughout the entire day. So we will use
Figure 5 and the historical temperature data for Las Vegas on 03-25-14, and the
outdoor air temperature average over a 13-hour period where cooling would be required
(meaning any temperature above 70oF) (Appendix B). The average temperature over
the 13-hour cooling period is 77.1oF (the cooling period being any time in which the
outdoor air temperature exceeds 70°F), with a daily high of 84.0oF and a daily low of
around 55.9oF (Appendix B). On this day, considering only heat transfer via conduction
of the walls and roof (as expressed in Appendix A.4), and using the example building
outlined above, one could calculate that 59.3 tons of energy was transferred from the
outdoors into the structure via conduction.
Using the same building/structure example, let us consider the effects of heat transfer
due to fresh air intake, as expressed in Section 5 of Appendix A. According to Section 5
of Appendix A, the heat transfer rate due to air brought into the structure, wherein it is
expressed that a 7oF difference in temperature for an airflow of 720,000 ft3/hr would
equate to a heat transfer rate of 10.9 tons/hr. It can be calculated that, during the 13hour period noted above, the total heat transfer due to bringing outdoor air into the
facility would be 109.3 tons.
Adding the total tonnage of energy transferred into the structure due to the conduction
of the walls and roof to the total tonnage of energy transferred due to the intake of warm
outdoor air, it is calculated that 168.6 tons of heat energy was transferred from the
outdoors to the structure during the 13-hour cooling period.
The calculations above are conservative — the heat energy transfer would likely be
even higher because:
· There are sources of heat within the structure (i.e. lights, computers, etc.).
· The rooftop is typically the hottest part of a structure, due to sun exposure, which
warms the outdoor air near the roof. This warmer air is the air that roof-mounted
HVAC units typically draw in. This heat gain may be partially offset by:
o Water on a roof, wherein the latent heat of vaporization can actually cause
the roof to become a source of heat loss for a structure during the cooling
season.
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o R-value regulations. Most governing authorities, which have jurisdiction
over the construction of buildings within their respective jurisdictions,
require that insulation of the roof or ceiling of a structure be of a greater Rvalue than what is commonly used in the walls of the same structure.
Therefore, the heat gain from the hot roof would also be reduced in this
example because of the more effective insulation on the ceiling of the
building.
While conditions may vary, estimating the total envelope of the structure as having an
R-value of 19 may prove to provide an accurate model for determining the heat load of
this example structure.
In the example above, which is a 25’-high structure, the indoor air temperature and
building material temperature buffer could be as much as a 4°F spread (due to thermal
layering) plus the 3°F spread which the CoolingLogic™ process targets through its
operation. That being considered, and with the calculations of the example structure
above, the thermal buffer created in a structure of that size could be calculated to be at
least 123.9 tons of cooling when only structural steel, concrete, water, air, and
perimeter drywall is taken into account (Appendixes A.3 and A.4). The thermal capacity
of the structure as used in this example and in Sections 3 and 4 of Appendix A consists
only of an empty shell which has only the materials (conservatively) described in
Sections 3 and 4 of Appendix A. Since most structures/buildings employing
CoolingLogic™ will not be “empty shells” and thus have a much larger effective thermal
capacity, a building of equal size of the example/model expressed in Sections 3 and 4
of Appendix A could have an effective thermal capacity five times greater than the
effective thermal capacity reflected in Section 3 of Appendix A.
Also noted in Section 3 of Appendix A, it’s an important consideration that while the
thermal mass of the concrete floor is approximately 172 tons/hr/oF, the calculation only
includes CoolingLogic™’s effective use of the thermal capacity for the concrete floor,
which is 50 tons of heat transfer during the typical operation or cooling time period (i.e.
2 hours) of the process, and reasonable ∆T for this example. Due to the characteristics
of convection of air across concrete floors, the concrete floor has a relatively poor rate
of heat transfer when compared to a vertical embodiment of the same material. It’s also
important to note that masonry and concrete offer significant thermal capacity, and
buildings often utilize concrete and masonry materials in places “within the building’s
envelope.” Any concrete walls, interior 2nd floors, etc., could be expected to have a
much greater heat transfer coefficient than that of a ground level concrete floor for two
primary reasons: (1.) The impact of convection across the surface of a vertical concrete
panel will almost always be greater than that of a horizontal panel, so vertical concrete
walls have higher heat transfer coefficients than that of a ground level concrete floor.
(2.) The surface area of the concrete floor/slab in communication with the air is typically
less than that of other objects of equal mass. Only one side of the concrete floor is in
communication with the air in the structure, while a concrete wall may have two sides in
communication with the interior air.
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An Example Embodiment of the Invention
The excerpt below was taken from a user’s manual for a building automation system
designed, installed, programmed, and wired by the author of this paper. The excerpt
was included in a user’s manual for a building automation system for the purpose of
basically explaining the functionality of the system, which was using outdoor air to
precool a structure.
How do you save customers money when their HVAC rooftop units run
almost continuously, because of a high heat load and because of an
enormous amount of thermal capacity in the structure? The answer is with
outdoor air. During the hottest months in the summer, typical nighttime
lows are at about 65 degrees. The coldest time of the day is just after
dawn, but from a practical standpoint, one could say that between 4:00
a.m. and 6:00 a.m. is the coldest part of the day. The system at the
building is state-of-the-art, because it utilizes the existing equipment and a
sophisticated program which not only predicts the weather for the next
day, but also uses the equipment to proactively ventilate the structure with
cool air prior to the next hot day. The idea is to drop the building’s space
temperature a few degrees via RTUs and exhaust fans (only when the
outdoor air and humidity values are favorable) and then to let the building
warm up a few degrees before turning on mechanical cooling. The math
makes sense! Fans are much less expensive to operate than mechanical
cooling, and ventilating the building alleviates any need to do so during
inopportune times, because of high CO2 levels.
The trick to operating the system effectively is easy to miss. Because the
system/program requires a high and low limit (a high limit which turns on
the free cooling, and the low limit which stops the free cooling, so that the
heat doesn’t come on), and because the nighttime free cooling activates
between 4:00 a.m. and 6:00 a.m., which is just before the system will go
into the occupied state, the program uses its occupied heating and
occupied cooling set points to determine the limits for the nighttime free
cooling period. The following formula is used to control nighttime free
cooling:
If occupied cooling set point = OC, and
If occupied heating set point= OH, and
If the nighttime free cooling set point = NTFC, and
If the outdoor air and humidity levels are suitable, compared to that of the indoor
air, and
If the equipment is likely to need to cool during the next 24 hour period, then
NTFC= OC - (OC-OH) * 0.67
For example:
If the occupied cooling set point (or OC)= 70, and
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If the occupied heating set point (or OH) =65, then
NTFC= 70 – (70-65) * 0.67
NTFC= 70 – 5 * 0.67
NTFC= 70- 3.35
NTFC= 66.65

The nighttime free cooling set point acts like an economizer on first-stage
cool, when outdoor ambient conditions are more suitable for using outdoor
air than for using mechanical cooling to cool. For the layman: if it’s cold
outside, sometimes it makes more sense to simply run the fans, to bring in
outside air, than it does to run the compressor to cool the indoor air, and it
makes more sense to do either when outdoor air temperatures are cooler.
The excellent thing about the free nighttime cooling program is that it not
only uses an enthalpy program to very accurately determine the most
efficient course of cooling (if outdoor air temp/humidity is not suitable,
then the program does not run), but it also lowers the occupied set point in
the structure based on the heat anticipation/weather prediction program, it
utilizes the building’s exhaust fans (which makes the roof top units about
five times more effective at economization), and it also allows for virtually
no need to ventilate the structure, due to indoor air quality concerns,
because it does a complete air change a few times a day.
The nighttime free cooling program is likely to offer a very short-term
ROI (with the largest savings in the fall and spring), for the entire building
automation system (and we make absolutely no guarantees to this effect),
but only if the set points and program are properly adjusted. It’s very
important to maintain at least a five-degree spread between the
occupied cooling and the occupied heating set points. If you are the
system operator, make sure that you understand the equation above, and
make sure that you know that formula inside and out.
While the above excerpt may seem complicated to some, this particular embodiment of
CoolingLogic™ enables a higher degree of control and manipulation. Just as building
automation systems may be complicated or simple, the CoolingLogic™ process may
also be complicated or simple, depending on how it is to be implemented.
CoolingLogic™ provides the option for a lot of control, so in the example of the above
excerpt, that additional level of control necessarily increased the complexity of operating
the system for the end user. Other embodiments of the CoolingLogic™ could be as
simple as allowing for the end user to simply “check a box” or enable the feature, with
no more thought or understanding about how the process works.
In other embodiments, and as stated at the beginning of the document, calculus is used
to determine exactly how much energy will need to be transferred. Summation
equations are used to build a “model” of the system/structure and then set the exact
amount of energy to be transferred. It’s easy enough to understand that the above
embodiment does not provide for “exact” thermal transfer which matches the next day’s
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demand: however, as a tool for explaining the fundamental principles of the technology,
it is my hope that the above will suffice.
Market Sectors
Residential
While residential applications were at first the most undervalued market sector for
CoolingLogic™, the potential is substantial. The residential market sector is the largest
market sector for HVAC systems in America, and most residences in America utilize
forced-air HVAC systems. In recent years, various regulatory agencies have adopted
requirements that new residential structures incorporate means of bringing fresh air into
the structure. Since most residences in America utilize forced-air HVAC systems, the
most common method of introducing fresh air is a duct which transfers air from the
outside of the structure into the return air duct on a forced-air HVAC system.
In the event that a residence has existing ducting for introducing outdoor air into the air
stream of an existing HVAC system, the incorporation of an inexpensive in-line fan and
a thermostat embodiment of CoolingLogic™ would prove to be a very effective
utilization and will effectively reduce energy costs. The current structure of most digital
thermostats already provides a suitable platform to incorporate CoolingLogic™. Simply
changing the program in any number of thermostats already on the market could serve
as a means of integrating the technology into a profitable residential platform for
CoolingLogic™. Because existing technology provides the architecture necessary for
implementing CoolingLogic™ on a large scale, worldwide, for the residential sector, the
implementation of CoolingLogic™ could be achieved with minimal expense while
offering substantial returns on the investment. It could be envisioned that thermostats
would have CoolingLogic™ marked on the package as an included feature, in much the
same way that some consumer products have an “Energy Star” label.
The holder of the rights to this invention will have a significant advantage over
competitors, as well as the prospect to license the technology as they see fit.
CoolingLogic™ represents a transformational technology. It can also serve as a highly
differentiating and effective marketing tool (i.e. our systems are “x”% more efficient
than…). Residential HVAC equipment manufacturers like Trane or Carrier, which
produce both furnaces and thermostats, could incorporate the process into their
complete packages with minimal effort/expense.
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Commercial
The commercial applications of this invention/process, as described herein, are
significant, to say the least.
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Industrial
The industrial applications of CoolingLogic™ are similar to those of the commercial and
residential sectors. One notable difference is that CoolingLogic™ could be highly
effective in evaporative cooling systems (a.k.a. swamp coolers used for process
cooling). The effects of precooling process water with the CoolingLogic™ process
shows potential, as energy could be saved by operating the equipment “predictively”
based on the previous day’s load. If the heat transfer occurs at a time when it is less
expensive to transfer that heat, then energy/money is being saved.
HVAC Equipment Manufacturers
CoolingLogic™ can represent something of a monopoly on the manufacture and sale of
efficient HVAC equipment. Being the only manufacturer who can list “normal” package
HVAC systems or rooftop units with a rating of 50-100 SEER would do wonders for
sales. CoolingLogic™ represents a true “game changer” for the industry.
Licenses for CoolingLogic™ could be sold to HVAC equipment manufacturers. With a
license, the equipment manufacturers could include all of the necessary CoolingLogic™
components with their equipment to utilize CoolingLogic™ whenever any of their
equipment is installed in any building. Residential furnaces could be produced with
ventilation fans and dampers preinstalled in order to make this invention an option for
use in residential homes. Thermostats could be produced with CoolingLogic™
programmed into them to be used with equipment manufactured or retrofitted to use it.
Controls Manufacturers
Licenses could also be sold to controls manufacturers who could then produce
proprietary controls software and programs that use this invention as a standard
procedure for their controls jobs.
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Residential Sector
State Population [14]
Total Residential KW [9]
Single dwelling structures
(typical homes) [12]
Single dwelling structures KW
Multi-dwelling structures and mobile
homes [12]
Multi-dwelling structures KW
Price per KW [17]
Total annual electricity costs
(single dwelling structures only)

% of electricity due to A/C [10]
Annual electricity costs due to A/C
(single dwelling structures only)

Estimated reduction in A/C electricity
consumption due to CoolingLogic™
(single dwelling structures only)

Annual electricity costs saved due to
CoolingLogic™
(single dwelling structures only)

Annual repair costs saved due to
CoolingLogic™

Georgia
(Atlanta)
10,214,860
57,178,165,790

9,922,576
33,527,330,428

Nevada
(Las Vegas)
2,890,845
11,927,992,556

New York
(New York)
19,795,791
49,968,617,464

2,107,317

2,988,818

432,437

3,198,486

23,510

9,849

21,145

10,650

974,420

1,245,461

395,020

4,480,821

7,837
$0.1164

3,283
$0.1446

7,048
$0.1293

3,550
$0.2007

$2,736.56

$1,424.23

$2,734.05

$2,137.46

48%

48%

48%

48%

$1,313.55

$683.63

$1,312.34

$1,025.98

Michigan (Detroit)

30%-80%

30%-80%

30%-80%

30%-80%

Configuration dependent

Configuration dependent

Configuration dependent

Configuration dependent

$394.07 - $1,050.84

$205.09 - $546.90

$393.70 – $1,049.88

$307.79 – $820.78

Configuration dependent

Configuration dependent

Configuration dependent

Configuration dependent

$50 +/-

$50 +/-

$50 +/-

$50 +/-

$50 +/-

$50 +/-

$50 +/-

$50 +/-

$497.07 - $1,150.84

$305.09 - $646.90

$493.70 - $1,149.88

$407.79 - $920.78

(single dwelling structures only)

Annual amortized life-cycle value
saved due to CoolingLogic™
(single dwelling structures only)

Annual total estimated / calculated
savings due to CoolingLogic™
(single dwelling structures - “typical home”)

The proportion of KW per home is different for single-dwelling structures than it is for multi-dwelling structures. The factor used is that single dwelling structures are attributed three times the energy consumption
of multi-dwelling structures, per dwelling. For example; one single dwelling structure, in these calculations, is attributed an energy consumption which is equal to three multi-dwelling structures. The baseline
reference of energy per dwelling was derived from the United States Census Bureau’s report on the number and types of dwellings [12], and also a U.S. Energy Information Administration report on the amount
of electrical energy used in the residential sector per State [9].
According to Energy.gov, approximately 48% of residential energy consumption is due to heating and cooling systems [10]. Since not every residence in the U.S. has central air conditioning, and since the term
“energy consumption” is seemingly inappropriate, since electricity costs exceed that of natural gas in many areas, it seems reasonable to use 48% as a conservative baseline for residential electricity
consumption due to air conditioning.
To find the energy per single dwelling structure, and per multi-dwelling structure, the following is used, respectively; E1 = T / (S + 1/3 * M); E2 = T / (3 * S + M); Where, E1 = energy per single dwelling structure,
E2 = energy per multi-dwelling structure, T = total energy, S = number of single dwelling structures, M = number of multiple dwelling structures.
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Commercial Sector
State population [14]
Total commercial annual KW [15]
Total number of commercial structures
per state [13]
Annual KW per Commercial structure
Total Commercial Square footage
State-wide [13]
Average square footage per structure
Electricity per square foot KW
Price per KW [18]
Total annual electricity costs
(per average commercial structure)

% of electricity due to A/C
Electricity costs due to A/C
(per average commercial structure)

Estimated reduction in A/C electricity
consumption due to CoolingLogic™
(per average commercial structure)

Annual electricity costs saved due to
CoolingLogic™
(per average commercial structure)

Total # of 10 ton cooling systems
Square feet per ton (approximate)
Annual repair costs saved due to
CoolingLogic™
(per average commercial structure)

Amortized life-cycle value saved due to
CoolingLogic™
(per average commercial structure)

Annual total estimated / calculated
savings due to CoolingLogic™ per
sq. ft.

Georgia
(Atlanta)
10,214,860 (3.18%)
46,598,300,157

9,922,576 (3.09%)
37,337,254,340

Nevada
(Las Vegas)
2,890,845 (0.90%)
9,407,581,353

New York
(New York)
19,795,791 (6.16%)
76,550,163,529

177,971

172,879

50,366

344,897

261,831

215,973

186,784

221951

2,764,906,607

2,685,848,144

782,486,176

5,358,319,792

15,536
16.85
0.1036

15,536
13.90
0.1087

15,536
12.02
0.0947

15,536
14.29
0.1614

$27,125.69

$29,299.32

$17,688.48

$21,806.43

48%

48%

48%

48%

$13,020.33

$11,268.62

$8,490.47

$17,194.97

Michigan (Detroit)

30%-80%

30%-80%

30%-80%

30%-80%

Configuration dependent

Configuration dependent

Configuration dependent

Configuration dependent

$3,906.10- $10,416.26

$3,380.59- $9,014.90

$2,547.14 - $6,792.38

$5,158.49 - $13,755.98

Configuration dependent

Configuration dependent

Configuration dependent

Configuration dependent

4
388

4
388

4
388

4
388

$100 +/- per unit =
$400.00

$100 +/- per unit =
$400.00

$100 +/- per unit =
$400.00

$100 +/- per unit =
$400.00

$100 +/- per unit =
$400.00

$100 +/- per unit =
$400.00

$100 +/- per unit =
$400.00

$100 +/- per unit =
$400.00

$0.30 - $0.72

$0.27 - $0.63

$0.22 - $0.49

$0.38 - $0.94

$4,706.10 - $11,216.26

$4,180.59 - $9,814.90

$3,347.14 - $7,592.38

$5,958.49 - $14,555.98

(per average commercial structure)

Annual total estimated / calculated
savings due to CoolingLogic™
(per average commercial structure)

Data on commercial buildings per State was difficult to find. Such as this is the case, we’ve based our calculations on the national averages divided by State population to derive the number of commercial
buildings per State. Likewise, we’ve used national averages of square footage to determine our calculations. According to statistical data [13], the national average square footage of a commercial building is
equal to 15,536 sq. ft., when the total square footage of commercial floor space is divided by the total number of commercial buildings. We used 10 ton HVAC systems as a baseline, since some buildings will
have larger capacity systems and some will have smaller capacity systems.
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Conclusion
The invention of CoolingLogic™ has the potential to dramatically reduce energy usage
by greatly decreasing the amount of time that air conditioners need to run. By taking
advantage of natural outdoor temperature, density, and humidity changes,
CoolingLogic™ reduces the temperature within buildings while using very little to no
energy. During days that have cool mornings and warm afternoons, CoolingLogic™ will
be the most beneficial. In most if not all regions of the continental U.S., there are
multiple months throughout the year where the mornings are cool and afternoons are
warm, which means that CoolingLogic™ can be utilized all over the United States (and
worldwide) in many different applications, from residential to industrial.

Disclaimer
This document has been produced and provided to you with the intention of showing the
benefit of CoolingLogic™. We in no way guarantee the accuracy of anything contained
in this document. This document has been prepared in “good faith;” however, we take
no responsibility for anything contained in this document which may be factually
incorrect. This document is not to be used to make any financial or business decisions.
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Current Status
We performed extensive investigation into the benefit and viability of pursuing patent
protection on CoolingLogic™. We knew that the invention/process was new to the
industry, and we knew that it would constitute an “industry standard” once it hit the
market. But could we obtain meaningful patent protection — enough to provide a return
that greatly exceeded the investment?
After meeting with a number of attorneys from multiple law firms and
reviewing/conducting extensive research, we confirmed that pursuing patent protection
would almost certainly be profitable. In addition, two separate “prior art searches” by two
completely separate intellectual property law firms made it even more apparent that the
protection we could achieve would be even more meaningful and profitable than we
originally anticipated. With the guidance of individuals with a cumulative experience of
over 150 years in the industry, we also knew that CoolingLogic™ was new to the
industry.
As of the date of this White Paper, we’ve been issued one patent, filed an extensive,
comprehensive, and greatly expanded second patent application, and we’ve got more
on the way. Appropriate paperwork has also been filed to facilitate international patent
protection on both the accepted patent and the second patent application.
There is much profit which could be made by the holder of the rights to this invention.
The profit-to-cost ratio is very high, because the cost of implementation of this
invention is extremely low (nominal in many cases), while the value of the invention is
extremely high. Also, the market for this invention is practically every structure with a
forced-air cooling system. This invention should offer the potential for air conditioning
systems to obtain ratings of previously unheard of SEER values, which will transform
the industry and offer a significant competitive advantage to the company with the rights
to CoolingLogic™, and that on a worldwide market.

The CoolingLogic™ process has proven itself both on paper and in the field.
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About the Patent(s)
In the interest of most effectively conveying salient information about CoolingLogic™,
the issued patent is included as part of this paper as Appendix B. The patent application
was written quickly to disclose the invention to the USPTO, and various further filings
have greatly expanded the scope of the base patent. The Continuance In Part patent
application(s) have not been included in this document, as the purpose of this document
is not to offer a full disclosure of every aspect of the CoolingLogic™ process or the legal
documents which protect the rights to the invention, but rather to facilitate the sale of the
invention by conveying the principals of the invention and its basic operation. As
negotiations proceed, further disclosure may be arranged.
Significantly more effort went into the subsequent filings. In addition, the scope of the
disclosure of the CoolingLogic™ process widened considerably in the Continuance In
Part patent application.
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Appendix A
(A.1)
The heat transfer rate was calculated using the following equation:
Q=

DT
R

(1.1)

Where:
Q = heat transfer rate per unit area in

Btu
hr × ft 2

∆T = the difference in temperature between the outside and inside of the building in °F
R = the R-value associated with the thermal resistance of the building in

hr × ft 2 × o F
Btu

Table A1: Examples of heat transfer rate calculations using equation 1.1
Indoor Temp
(F)
70
70
70
70
70
70

Outdoor Temp Temp
(F)
Difference, ∆T
(F)
80
10
80
10
90
20
90
20
100
30
100
30

R-value, R

19
30
19
30
19
30

Heat Transfer
Rate, Q
(BTU/hr-ft2)
0.526
0.333
1.053
0.667
1.579
1.000

(A.2)
h = h a + x hw

(1.2)

Where:
h = specific enthalpy of moist air (kJ/kg, Btu/lb)
ha = specific enthalpy of dry air (kJ/kg, Btu/lb)
x = humidity ratio (kg/kg, lb/lb)
hw = specific enthalpy of water vapor (kJ/kg, Btu/lb)
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One could calculate the specific enthalpy of (50%) humid air in the structure as follows:
Since 50% humid air refers to the relative humidity of the air, this value needs to be
converted to the humidity ratio. The humidity ratio is the ratio of mass of water to mass
of air in a specific volume of air. At 50% relative humidity, standard pressure, and 70°F,
the humidity ratio comes out to be .0078125 kg/kg. Therefore,
h = h a + x hw
h = 0.240 (Btu/lboF) + x 0.444 (Btu/lboF)
At 50% relative humidity, the following is true:
h = 0.240 (Btu/lboF) + 0.0078125 * 0.444 (Btu/lboF)
h= 0.2435 (Btu/lboF)
[3]

Based on the specific volume of moist air, density can be expressed as: [4], [5]
ρ=1/v
= (p / Ra T) (1 + x) / (1 + x Rw / Ra)

(1.3)

Where:
v = specific volume of moist air per mass unit of dry air and water vapor (m3/kg)
Ra = 286.9 - the individual gas constant air (J/kg K)
Rw = 461.5 - the individual gas constant water vapor (J/kg K)
x = specific humidity or humidity ratio (kg/kg)
p = pressure in the humid air (Pa)
Density of dry air can be expressed as:
ρda = p / Ra T

(1.4)

Where:
ρda = density dry air (kg/m3)
Combining (1.4) and (1.3):
ρ = ρda (1 + x) / (1 + x Rw / Ra)

(1.5)

The gas constant ratio between water vapor and air is
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Rw / Ra = (461.5 J/kg K) / (286.9 J/kg K)
= 1.609
Inserting the ratio in (1.5):
ρ = ρda (1 + x) / (1 + 1.609 x )

(1.6)

At 50% relative humidity (.00781254 humidity ratio), 70oF (294.261K), and p as being
101325 Pa (sea level), the density (ρ) could be calculated as follows:
ρda = p / Ra T
ρda = 101325Pa / 286.9 * 294.261K
ρda = 1.200199268258317 kg/m3
ρ = ρda (1 + x) / (1 + 1.609 x )
ρ = 1.200199268258317 kg/m3 * (1 + .0078125) / (1 + 1.609 * .0078125 )
ρ = 1.200199268258317 kg/m3 * 1.0078125 / 1.0125703125
ρ = 1.200199268258317 kg/m3 * 0.9953012522
ρ = 1.1945598343 kg/m3 or 0.07457 lbm/ft3
Using the calculated density of air at 50% humidity, at sea level, at 70oF, (0.0741
lbm/ft3), and the enthalpy of that air, we can obtain the following, where:
Thermal Capacity = Tc:
Tca = ρ h

(1.7)

In the example above:
Tca = ρ h
Tca = 0.07457 lbm/ft3 * 0.2435 (Btu/lb°F)
Tca = 0.01816 BTU/ft3/oF
So if the 50% relative humidity air, at 70oF, at standard pressure, has a thermal capacity
of 0.01816 BTU/ft3/°F, and a building is 500’ x 200’ x 25’, then that building’s volume is
2,500,000 ft3. The thermal capacity of the air in the facility is 45,394.5 BTU/°F at 50%
humidity and at sea level. 45,394.5 BTU/°F equates to 3.783 tons of cooling.
(A.3)
The thermal capacity of water, concrete, bricks, and steel in the building can be found
using the following equation:
Tc = hc * m

(1.8)
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Where:
Tc = thermal capacity of that specific material within the building, and
hc = heat capacity of that material per unit of weight, and
m = mass of that material in the building
For a 500’ x 200’ x 25’ building, assumptions were made regarding the amount of steel,
amount of water in the sprinkler system, amount of concrete in the floor, and amount of
drywall. Using the equation found in the “Rules of Thumb for Steel Design”, the
following equation was used to find the mass of structural steel in the building: [6]
Wt(pounds/ft2) = stories/3 + 7

(1.9)

Wt = the amount of structural steel per square foot of building floor area, and
stories = the number of floors in the building
The mass of drywall was found assuming 5/8” thick Type C drywall, which was found to
have a density of 752 kg/m3 or 46.946 lb/ft3. [7]
The mass of water in the building was estimated at about 0.0708 gallons per square
foot of building area. This estimates the number of gallons of water in the sprinkler
system at 7,080 gallons or 59085.5 pounds of water.
The mass of concrete was found by assuming an 8” slab of concrete under the entire
building. With a density of 2400 kg/m3 or 149.827 lb/ft3, the mass of concrete in the floor
slab comes out to 9988522.5 pounds. [8]
It can be calculated that the concrete won’t change temperature very much during the
process, due to its low thermal transfer coefficients of 2.0 BTU/hr/ft 2/oF when releasing
heat, and a thermal transfer coefficient of 1.23 BTU/hr/ft 2/oF when absorbing heat.
Because variables like materials inside the structure have not been factored into any of
the calculations thus far, all calculations have consisted of an empty structure, which will
cause the structure to heat up and cool down much faster than it would with the extra
mass of “stuff” inside the structure. Because the rate of transfer of energy of the building
(or structure) as a whole is dependent on factors such as indoor and outdoor enthalpy,
the temperature difference between the indoor temperature, more specifically the indoor
air temperature near the floor, and the temperature of the concrete floor is not easily
quantifiable. An educated, but fairly accurate, estimation will be made regarding the rate
of energy transfer into and out of the concrete slab, estimating the time that the HVAC
equipment will take to reduce the indoor air temperature to CoolingLogic™’s indoor air
temperature set point while in operation.
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Regarding the absorption and release of heat energy by the concrete slab, it could be
estimated that CoolingLogic™ could reduce the indoor air temperature of the example
structure/building, described herein, a target indoor air temperature within a matter of
minutes (maybe 20 minutes) on a day when the outdoor air temperatures, during the
CoolingLogic™ operation period (typically between 4:00 a.m. and 6:00 a.m.) are around
60oF. Assuming that the operation period of CoolingLogic™ only lasts for two hours,
and considering the 20-minute period of time which the indoor air temperature was not
at CoolingLogic™’s target temperature as being time that the indoor temperature was at
the set point of CoolingLogic™’s operating target temperature (to make the math less
complicated), and assuming that the process is calling for a target temperature which is
3oF less than the normal occupied cooling set point temperature, then the transfer of
heat energy from the concrete slab, to the air, could be calculated as follows:
If the thermal coefficient of heat transfer for concrete transferring heat energy to air is =
2.0 BTU/hr/ft2/oF, and Heattransferred = the heat transferred from the concrete slab to the
air, and the structure has 100,000 ft.2 of concrete slab, and the condition of temperature
difference was constant for two hours (not including rate of change calculations), then
Heattransferred = 2.0 BTU/hr * 100,000 ft2 * 3oF = 600,000 BTU. 600,000 BTU’s may also
be expressed as 50 tons. The mass of concrete could be expected to change by
approximately 0.29oF.
The following considers that air stratification will be a factor of 1oF per five feet, and
assumes the anticipated elevation of the construction materials. The water in the
sprinkler system will be right next to the ceiling, which will expose it to the warmest
temperatures throughout the previous day, allowing for it to experience a change in
temperature due to the process of up to 7°F. The drywall ranges from floor level to
ceiling level, which will most likely cause it to experience, on average, around a 5°F
temperature change due to the process running. The structural steel is located all over
the building, but a large portion of it is near the ceiling. The steel can be estimated to
have an average temperature change of 6°F. The temperature of all the air in the
building will be reduced by an average of 5°F (the air near the ceiling will have closer to
a 7°F change, while the air near the floor may only change 3°F).
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Table A2
hc
(BTU/lb/°F)

Water in
sprinkler
system
Drywall
(exterior
walls only)
Concrete
floor
Structural
Steel
Air

m
(lb)

Tc
(BTU/°F)

Tc
(Tons/°F)

∆T
(°F)

1

59085.5

5900.278

0.49169

7

Energy
Transfer
per
period or
day
(Tons)
4.9238

0.24291

85578.646

20787.909

1.73233

5

8.6616

0.21018

9988522.5

2099387.7

174.9490

0.29

50

0.11302

733333

82881.3

6.90677

6

41.44

0.2435

186425

45396

3.783

4
Total

18.915
123.9404

(A.4)
Square footage of walls and ceiling= 500’*25’*2+200’*25’*2+500’x200’=25,000 sq. ft.
+10,000 sq. ft. + 100,000 sq. ft. = 135,000 sq. ft. of surface area. Given that the heat
transfer rate of an R-19 surface with a difference in temperature of 10 oF is: 0.526
BTU/hr/square foot, one could calculate that the heat transfer in this situation for the
entire building (excluding the floor) would be: 0.526 BTU/hr/ft2 * 135,000 ft2 of surface
area = 71,010 BTU/hr; or (71,010 BTU/hr / 12,000 BTU/hr /ton) equal to 5.9175 tons of
cooling. Using the same example with a 20-degree difference in temperature (70°F
inside, 90°F outside), the result would be double, or 11.835 tons, of heat transfer.
(A.5)
Assuming the structure used in the example adheres to the “2012 International
Mechanical Code”, Section 403, Table 403.3, requirements listed under “retail stores,
sales floors and showroom floors”, subcategory “Sales”, a requirement of 0.12 cfm/ft2, is
listed for the minimum ventilation rate. In the building example, with 100,000 ft2 of floor
space, the ventilation rate would need to be 12,000 ft3/min or 720,000 ft3/hr. At a density
of .07457 lb/ft3, that is 53,690.4 lb/hr that needs to be cooled at 0.2435 BTU/lb-°F. At a
temperature difference of 10°F, this comes out to 130,736 BTU or 10.89 tons/hr, and for
a 20°F difference, this comes out to 261,472 BTU or 21.789 tons/hr. Please note:
humidity is not factored into this equation.
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