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Appeal item 1

Code Section

Requires

Code Modification or
Alternate Requested

Proposed Design

Reason for alternative

Appeal item 2

Code Section

Requires

20210EESC/Adopted AHRAE — Section 5.1.2.3, Exception 1

A space may be designated as either a semiheated or an unconditioned space only if approved by
the building official.

With all building envelope requirements from Table 5.5-4 being met or exceeded and heating
capacity being below maximum, Building Official approval is being requested to grand the
exception to consider the building a semiheated space.

The proposed mechanical system can heat the building up to a ?T of 86 degrees while using less
than 8 BTU/h*ft2 per table 3.2. This temperature variation of outside to inside is more than capable

of providing adequate comfort to canines and humans alike.

Given the occupants of the building are going to be canines and not fully occupied at all times, as
well as providing dog doors for the dogs to freely enter and exit the building in their respective

spaces, there is no necessity to fully heat the space.

Calculations were done by the mechanical engineer and shown in the attached mechanical
submittals to prove that the selected units require less energy than the required 8 BTU/h*ft2 per
table 3.2.

2021 OEESC/Adopted ASHRAE 90.1-2019 — Section 5

Table 5.5-4 requirements for a semiheated space are walls with a minimum insulation R-value of
R-13 and attic roofs with a minimum of R-30. Fenestrations, such as non-opaque entrance doors,



require a maximum U-Value of U-0.77.

Code Modification or With all other building envelope requirements being met or exceeded, grant exception for dog

Alternate Requested doors on the exterior of the building without a labelled U-value.

Proposed Design The attached California Polytechnic State University independent study compares the thermal
resistance of three manufacturers of dog doors. Page 13 of the report indicates the thermal
resistance capabilities of three different dog doors. The study is intended to prove the thermal
resistance superiority of one brand of dog door, but ultimately shows that all three of them meet
the maximum u-value requirements of Table 5.5-4.

According to the study, the R-value of the lowest rated door system is 2.42. To find the U-value,
we find the inverse, or divide 1 by the R-value, which gives the single door system a value of 0.41.

This is much lower than half of the maximum value of 0.77.

The study demonstrates how the resistance to heat transfer is more about convection at the
surfaces rather than conduction through the door. The aggregate of dogs doors will be less then
the required 40% of the wall per table 5.5-4

Reason for alternative Providing a dog door that is not manually opened and closed (guillotine style) by a human that
allows the dog to freely go from the interior to the exterior of the building helps provide mental and
physical health requirements for the dog while staying in the kennel. Using these dog doors, even
though they don’t have a listed u-value rating from the manufacturer, still meets the goal of energy

conservation by meeting or exceeding the minimum requirements in Table 5.5-4.

1. Determination of dog kennel as a semi-heated space: Hold for additional information.
See note below regarding the process for submitting additional information.

2. Installation of dog doors without a labeled U-value: Granted as proposed.

Appellant may contact John Butler (503 865-6427) or e-mail at John.Butler@portlandoregon.gov with
questions.

For Item 1: Additional information is submitted as a no fee reconsideration, following the same submittal process
and using the same appeals form as the original appeal. Indicate at the beginning of the appeal form that you are
filing a reconsideration and include the original assigned Appeal ID number. The reconsideration will receive a
new appeal number.

Include the original attachments and appeal language. Provide new text with only that information that is specific
to the reconsideration in a separate paragraph(s) clearly identified as "Reconsideration Text" with any new
attachments also referenced. Once submitted, the appeal cannot be revised.

No additional fee is required.

For ltem 2: The Administrative Appeal Board finds that the information submitted by the appellant demonstrates
that the approved modifications or alternate methods are consistent with the intent of the code; do not lessen
health, safety, accessibility, life, fire safety or structural requirements; and that special conditions unique to this
project make strict application of those code sections impractical.

Pursuant to City Code Chapter 24.10, you may appeal this decision to the Building Code Board of Appeal within
90 calendar days of the date this decision is published. For information on the appeals process, go to
www.portlandoregon.gov/bds/appealsinfo, call (503) 823-7300 or come in to the Development Services Center.
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Smart Heating Solutions

With U.S. & Global Materials

SUBMITTAL SHEET

Job Name; BLHC Kennels Submitted By: Date:
Portland, OR

Location:

Architect: Otak Architects, Inc.

Engineer: Approved By: Date:
Contractor: Hunter-Davisson, Inc.

Submitted By:

King Contact:
Quotes@king-electric.com
Date: 2/9/2022

Tag Qty Iltem Number Watts Volts PH | Amps | Weight
CH-1 2 WHFC1215 750 120 1 6.3 8
Accessories
Tag Qty Iltem Number

Small Kennel Room:

347 SF x 8 Btuh/SF = 2,776 Btuh
2,776 Btuh / 3413 = 0.813 kW MAX
0.750 kKW < 0.813 kW

King Electrical Manufacturing Company / 9131 10th Avenue South Seattle, WA 98108 / phone 206.762.0400 / fax 206.763.7738 / king-electric.com



TWells
Text Box
Small Kennel Room:
347 SF x 8 Btuh/SF = 2,776 Btuh
2,776 Btuh / 3413 = 0.813 kW MAX
0.750 kW < 0.813 kW


Ceiling HeaterwHrc

Series

[

= Whisper quiet
= Ceiling mount
= Dual wattage

= Nichrome open-coil element

= C-Frame motor

= Squirrel cage blower

* Patented Smart Limit Protection®

The WHFC Ceiling Heater

= Recess can with QuickSet™ stops
= Powder coated grill

= Standard color: white (almond optional)
= 3 -year limited warranty

Model Code:

WHFC 12
B

10
C

A

A: Series
B:12 - 120V 20 - 208V 24 - 240V
C: Watts (500 to 1500)

GIIS

LISTED

s -

PROTECTION

>

This value-priced ceiling heater provides all of the features offered by the original WHF but adds the benefits of a ceiling mounted design.
Its extreme value comes from combining the rapid heat transfer of a NiChrome element with the performance of a squirrel cage blower.

Ordering Information *Add suffix -W for White Grill or -A for Almond Grill color

MODEL VOLTS WATTS AMPS SHIP WEIGHT Ibs
WHFC1210 120 500 ¢ 1000 4.2-8.4 8 Ibs
120V WHFC1215 120 750 ¢ 1500 6.3-12.5 8 Ibs
208V WHFC2010 208 500 ¢ 1000 2.4-4.8 8 Ibs
WHFC2015 208 750 ¢ 1500 3.6-7.2 8 Ibs
240V WHFC2410 240/208* 500 ¢ 1000 2.1-4.2 8 Ibs
WHFC2415 240/208* 750 ¢ 1500 3.1-6.3 8 Ibs
*Dual rated heaters will draw 13% less amps and 25% less wattage when operated at 208V.
Options / Accessories
ADD SUFFIX DESCRIPTION SHIP WEIGHT Ibs
-W White Color
-A Almond Color
-l Interior and Grill Only (no wall can) 6.0
-H Heat Box Only (no wall can) 5.0
MODEL uPC DESCRIPTION SHIP WEIGHT Ibs
DS15 13824 Disconnect Switch, Field Installed Kit (10A/ 240V / 15A/120V) 05
WHIC-C 12650 Ceiling Recess Can 35
WHSC-C-W 12230 Surface Can - White 4.0
WHFG 12520 Grill - White 2.0
WHFC T-Bar Panel 12133 T-Bar Panel 4.0

Engineering Specifications

Contractor shall supply and install WHFC Series ceiling-mounted forced-air electric heaters manufactured by King Electrical Mfg. Company.

Heaters shall be of the wattage and voltage as indicated on the plans.

Ratings: Heaters shall be available in wattages of 500 to 1,500 at 120,
208, or 240 Volts.

Blower and Motor: A tangential cylindrical blower, delivering 70 CFM,
shall be driven by a shaded pole, permanently lubricated, C-frame type
motor with impedance protection and sealed bearings. Motors shall be
the same voltage as the heater. The motor and all wiring shall be totally
isolated from the heating chamber for protection from heated air.
Elements: Element assemblies shall be constructed of coiled Nickel
Chromium alloy, corrosion resistant wire strung through a minimum

of four rows of mica insulator. Element assemblies shall have factory
provided connection to allow field modification to 50% wattage at time
of installation.

Thermal Overload: Heaters shall be equipped with King’s patented
thermal overload Smart Limit Protection®, which disconnects

elements and motor in the event normal operating temperatures

King Electrical Manufacturing Company ~ 9131 10th Avenue South, Seattle, WA 98108

are exceeded. If thermal overload trips due to abnormal operating
temperatures, thermal overload shall remain open until manually reset
by turning the heater off for 15 minutes. Automatic reset of thermal
overloads, which allow the element to continue to cycle under
abnormal conditions, will not be accepted. U.S. PATENT #6,748,163 B2 ®
CIPO PATENT #2,393,882

Ceiling Surface Gan: The can shall be 20 gauge electrogalvanized
steel and shall contain knockouts. The can shall be provided with a
depth gauge, extending the full length of the can. The can shall be
supplied with a factory installed groundwire.

Grill: The grill shall be a louvered, one-piece design with rounded
edges on all four sides, with rounded corners to prevent snags from
contact with other materials. The grill shall be epoxy powder-coated
in the color specified by manufacturer.

Approvals: cULus (E41422)

phone 206.762.0400 = fax 206.763.7738  www.king-electric.com
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Smart Heating Solutions

With U.S. & Global Materials

SUBMITTAL SHEET

Job Name; BLHC Kennels Submitted By: Date:
Portland, OR

Location:

Architect: Otak Architects, Inc.

Engineer: Approved By: Date:

Contractor: Hunter-Davisson, Inc.

Submitted By:

King Contact:
Quotes@king-electric.com
Date: 2/9/2022

Tag Qty Iltem Number Watts Volts PH | Amps | Weight
UH-1 2 KBP1230 950 120 1 8 26
Accessories
Tag Qty Iltem Number

Large Kennel Room:

417 SF x 8 Btuh/SF = 3,336 Btuh
3,336 Btuh / 3413 = 0.977 kW MAX
0.950 kW < 0.977 kW

King Electrical Manufacturing Company / 9131 10th Avenue South Seattle, WA 98108 / phone 206.762.0400 / fax 206.763.7738 / king-electric.com



TWells
Text Box
Large Kennel Room:
417 SF x 8 Btuh/SF = 3,336 Btuh
3,336 Btuh / 3413 = 0.977 kW MAX
0.950 kW < 0.977 kW


= Pic-A-Watt® element

= Multiple wattage selection
= Long life cast iron motor

= Aluminum fan blade

Multiple Wattage Unit Heater

cecgened F king |
Compact Unit Heater k8P Series Pic-A-Watt

Model Code:

KBP 24 06
A B C

A: Series
B: 12 - 120V 24 - 240V

20 - 208V 27 - 277V
C: Watts (950 to 6000)

= High accuracy built-in thermostat = Universal (wall/ceiling) mounting bracket

= Powder-coated, textured finish = Selector switch—fan/heat/off %
= Standard color: almond

* Fan delay

= Patented Smart Limit Protection® = 5-year limited warranty

The KBP is the industry standard for multi-wattage garage / shop heaters. Designed for rugged performance,

the flow-through design efficiently moves air by pulling air from the back of the heater and discharges it out the front, easily heating a
large space. With high quality components suitable for both residential and commercial applications, it comes standard with a 3-position
switch and an accurate built-in thermostat. The integral fan delay continues to dissipate heat from the elements during the cool down
period, maximizing the heat exchange in the room. King’s exclusive dual Pic-A-Watt steel fin elements allow customers to select from a
range of wattage options, tailoring the heater to an area’s specific heating requirements.

Ordering Information

MODEL UPC VOLTS PHASE WATTAGE AMPS WEIGHT (Ibs.)
KBP1230 15191 120 1 2850-1900-950 24-16-8 26
KBP2406* 15190  240/208* 1 5700-4750-3800-2850-1900-950 24-20-16-12-8-4 24
KBP2006-3MP** 15193 208" =8 5700-2850 2715 26
KBP2406-3MP** 15188  240/208* 1-3 5700-2850 24-14 25
KBP2704 15187 277 1 4000-3000-2000-1000 14 26
KBP4804-3MP** 15196 480 1=8 4160 95 26
KBP4806-3MP** 15197 480 1-3 6000 13-8 26

*Approved for 208V operation. Heater will draw 13% less Amps and 25% less wattage **3-Phase units do not have Heat / Fan / Off ***480 Volt models are 24 Volt control
Minimum clearance from combustibles: 18” from front, 2” from top, 6” from sides and 5” from rear. Minimum clearance 6’ from floor.

Engineering Specifications

Contractor shall supply and install KBP Series unit heaters manufactured by King Electrical Mfg. Company. Heaters shall be of the wattage
and voltage as indicated on the plans.

Pic-A-Watt Heating Element: Exclusive King multi-tap element allows CFM: 270
field adjustment to several wattages at time of installation. Steel sheath Universal Mounting Bracket: Combination ceiling/wall bracket is

elements of various resistance are copper brazed to steel plate fins

producing a multi-wattage heating element.
Built-in Thermostat: Single pole factory installed hydraulic capillary tube 4-Pole motor with 20 cc of oil. Enclosed rotor provides long-lasting,
thermostat for precision heating control. Operating range 40° to 90° F. trouble-free operation. Thermally protected. 1300 RPM.

Fan/Heat/Off Switch: 3-position switch provides heating and summer fan ~ Electrically Held Smart Limit Protection: Heater shuts off when an

only operation.

included with every heater.
Unit Bearing Motor: Permanently |ubricated, long life, unit bearing

over temperature condition exists and automatically resets when the

Fan Delay Switch: The fan continues to operate after the thermostat normal operating temperature returns.

shuts off in order to remove the residual heat left in the elements.

Power must not be interrupted.

Tested: UL 2021
Approval: cCSAus

King Electrical Manufacturing Company ~ 9131 10th Avenue South, Seattle, WA 98108  phone 206.762.0400 = fax 206.763.7738  www.king-electric.com




king

Accessories

MODEL UPC PHASE WEIGHT (Ibs.)

KBP-K1 15198 6 ft. cord/handle kit - 120V, 1-Phase, 30 Amp (Receptacle not included. See below) 2

KBP-K2 15199 6 ft. cord/handle kit - 240V, 1-Phase, 30 Amp (Receptacle included. See below) 2
Receptacle Type: Receptacle Type:

@ 30A-120V 6 30A-250V
./ | NEMA #5-30R ./ |NEMA #6-30R
Model KBP-K1 Model KBP-K2

Ground Ground

Dimensional Data
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Energy Performance Study of Endura Flap Pet Door and Comparison to

Two Competitors

by

Daniel J. Keene
Glen E. Thorncroft
Andrew J. Kean

Mechanical Engineering Department
California Polytechnic State University
San Luis Obispo

August 12, 2005

Submitted to:
Patio Pacific, Inc.
874 via Esteban #D
San Luis Obispo, CA 93401
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1. Introduction

This report describes an analytical and experimental energy study of the Patio Pacific
Endura Flap Pet Door. The purpose of the study is to assess the pet door’s heat transfer
characteristics (i.e., its resistance to energy loss due to conduction heat transfer), and its
resistance to air leakage (infiltration). The performance of the Endura Flap Pet Door is also
compared to that of two leading competitors, the Pet Safe Classic and the Ideal pet doors. One
aim of the analysis and experimental study is to identify and quantify some of the leading
mechanisms that control energy loss through the pet doors.

The first mechanism of energy transfer is when heat conducts through the door,
neglecting any air that may be leaking across the door seal. We refer to this mechanism as
conduction, although the movement of air along the inside and outside surfaces (convection) also
influences the energy transfer across the door. (In fact, in the case of the Endura Flap, air
trapped in the chambers of the door could also circulate within the chamber, although this study
will show that the effect is negligible.) This mechanism can be modeled effectively using
standard heat transfer analysis and empirical correlations, and so this portion of the study does
not require experiments.

The second mechanism of energy loss occurs when the pet door is subjected to winds or a
pressure difference across the door that causes air to leak along its perimeter.  This leakage
expends energy because the outside air that leaks in must now be brought to the temperature of
the air inside the home. This mechanism is not accurately predicted using analytical techniques,
and so an experimental method has been developed to quantify this effect.

The objectives of this work are therefore as follows:

1. To predict the energy losses occurring as a result of the heat transfer across the door.
This is accomplished using a detailed analytical model for each of the pet doors.

2. To determine the leakage through the perimeter that occurs as a result of wind or
pressure difference. This is accomplished experimentally; an apparatus has been
developed to test each door over a range of pressure differences that correspond to
typical wind loads.

3. To determine the sealing ability of each pet door by measuring when the flap
completely breaks its seal with the frame as the pressure difference across the door is
increased.



2. Heat Transfer Analysis
2.1 Background

Heat transfer occurs whenever a finite temperature difference exists. This means that
when a home is maintained at a comfortable temperature while it is relatively cold outside,
energy will transfer out of the home through the walls. A greater difference between the inside
and outside temperatures leads to a greater rate of energy loss. For the simplest case of one-
dimensional heat transfer, the following relationship describes the energy loss:

AT
== 2.1
a=" (2.1)
where q is the heat transfer rate (W),

AT is temperature difference (°C or K), and
R is the resistance to heat transfer (K/W).

Neglecting air leakage through the door, the energy loss is due to the heat that transfers through
the walls. The resistance to heat transfer, R, measures the insulating ability. As seen in Equation
2.1, high values of R are indicative of good insulation, while low values are indicative of poor
insulation. These values depend on factors such as the material properties and the geometry.

Another form of this relationship deals with the quantities on a per unit area basis:

. AT

=& (2.2)

q

where q" is the heat transfer rate per unit area: q/A (W/m?),

A is the cross-sectional area through which the heat transfers (m?), and
R” is the resistance to heat flux (K-m?/W).

This form is often used to report the insulating performance of common building materials
because it is not dependent on the area of heat transfer, making it easier to compare the
performance of different components. It is the quantity R” that is often referred to when an R-
value is being reported.

In order to gauge the different insulating abilities, a resistance for each door must be
obtained. However, for the purpose of comparing the pet doors, it makes more sense to report
the value for R rather thanR". This is because the area of the doors does vary from model to
model, and this variation in the area will have an impact on the energy loss. If the customary R-
value is desired, it can be easily calculated using the following equation:

R"=RxA (2.3)



2.2 One-Dimensional Analysis of Ideal and Pet Safe Classic Doors

At this point, it is important to understand the fundamental aspects of how the heat
transfer is being modeled without dealing too heavily with the intricacies of the analysis. To see
the details omitted here, the reader is referred to Appendix A.

Creating the models begins with considering how the heat is transferring through the
doors. The doors themselves are taken as two-dimensional plane surfaces. With the effects of
the radiation mode being negligible, the symmetry of the doors leads to the one-dimensional heat
transfer situation shown in Figure 2.1.

I \L

= Hat fiid

Loy, m3 |_,\ 1__!,« T T T

Cold fluid
Tt

Figure 2.1. Pictorial Representation of the One-Dimensional Heat Transfer
(Reprinted from Reference [1]).

Here, convection occurs at the inside surface, where heat moves from the air into the pet
door. Then, it conducts through the pet door material from the inside surface to the outside
surface. Lastly, convection at the outside surface transfers the heat from the pet door material to
the outside air.

This situation lends itself extremely well to the thermal resistance network approach.
This approach involves applying Equation 2.1 to each of the heat transfer processes individually,
and then assembling these individual pieces together. After obtaining expressions for the
resistance to heat transfer associated with convection at the inside surface, conduction through
the door material, and convection at the outside surface, these are assembled into the thermal
resistance network shown in Figure 2.2.
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Figure 2.2. Thermal Resistance Network Used to Model the Competitor Pet Doors.

Because the three resistances are in series with one another, they add together to yield the total
resistance to heat transfer. Because all of the doors follow this pattern, Equation 2.1 applies to
each of them, with the total resistance in that equation being

R. =R +R

+R (2.4)

tot conv,in door conv,out !

where Rconv,in IS the inside surface convective resistance,
Rqoor 1S the resistance of the door, and
Rout is the outside surface convective resistance.

As the product designs made appropriate, the doors were divided into multiple pieces for
analysis, as seen in Figure 2.3, where each color represents a component of the door. For all

doors, the door frame was ignored on the analysis.
- Edge Folds

- Center Flap
- Bottom

Figure 2.3. Diagram of Components Used for Modeling the Pet Safe and Ideal Pet Doors.




This allowed individual expressions to be obtained for the conduction through the center, edges,
and bottom of the door. Then, these three pieces were assembled into a thermal resistance
network model. Because each piece is a separate resistance (path) for the heat to move through,
the resistances are placed in parallel with one another, as shown in Figure 2.4.

Rdoor
AN

Redges

—

Tourtace, i T
Tin J\/\/ surface, in Rcenter sur.face, out/\/\/_ Tout

Rconv, inside R Rconv, outside
bottom

S\

q

v

Figure 2.4. The Network used to Model the Resistance of the Pet Safe and Ideal pet doors.

2.3 One-Dimensional Analysis of Patio Pacific Endura Flap

The method outlined above works quite well for both the Ideal and the Pet Safe Classic
models. The Patio Pacific door however, incorporates a set of air-filled cavities in the center
area to increase its performance as an insulator. These features complicate the analysis because
convection currents that will affect the heat transfer can exist inside the cavity. Because these
buoyancy induced currents are dependent on temperature, the cavities have increased the non-
linearity of the problem. Also, this center section, which is a huge majority of the pet door’s
area, now has a thickness that changes between the cavity surfaces and the ribs that connect
them. This variation is important because it can create multi-dimensional effects that cause the
one-dimensional model to give inaccurate predictions of the total heat transfer.

To begin, the Endura Flap was divided into separate components in a manner similar to
the previous models, as shown in Figure 2.5.
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Figure 2.5. Diagram of Components Used for Modeling the Endura Flap.

As is shown in the calculations in Appendix A, a result of the cavity geometry and the
small difference between the door’s inner and outer surface temperatures is that significant
convection currents do not arise. Because the air inside the cavity is nearly stagnant, the heat
transfer occurs mainly by conduction through the air. Because the maximum resistance to heat
transfer occurs when the air is completely stagnant, the Endura flap cavities are creating a nearly
optimal resistance to heat transfer.

Assembling the pieces into the thermal resistance network shown in Figure 2.6 creates a
one-dimensional heat transfer model for the Endura Flap. In the resistance network, the
resistance due to conduction through the air filled cavities includes the effect of both the air and
the plastic walls that contain the air. Although this network cannot account for the two-
dimensional effects, it is a good place to start because it is very simple and can give some insight
into the behavior before proceeding with the more advanced analysis.
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Figure 2.6. The Network Used for an Approximate Model of the Endura Flap.

2.4 Two-Dimensional Analysis of Patio Pacific Endura Flap

Because the air inside the cavity is nearly stagnant, conduction is the primary mode
available for heat transfer. However, the varying thickness and the differences between the
thermal conductivity of air and of the polymer material make the accuracy of the one-
dimensional heat transfer model shown in Figure 2.6 uncertain. For example, the one-
dimensional resistance network assumes a single, uniform temperature for the inside surface of
the door, and a single, uniform temperature for the outside surface. Two-dimensional effects
could mean that the surface temperatures vary along the surfaces. At this point, a more advanced
model was undertaken to assess the multi-dimensional behavior of the Patio Pacific Endura flap,
and to determine whether the one-dimensional model is sufficient to predict the heat transfer.

As stated above, the varying thickness and the different thermal conductivity values in
the air chamber are likely to create two-dimensional effects in the Endura Flap. To assess how
strongly these affect the heat transfer performance and the validity of the one-dimensional
model, a two-dimensional heat transfer model was developed using MATLAB with the PDE
Toolbox add-on software, focusing on the air cavity and the rib area that joins the air cavities.
This region, as shown in Figure 2.7, was selected because both causes of the two-dimensional
behavior are more pronounced here than in any other part of the pet door.
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Figure 2.7. The Air Cavity Rib Region Selected for Two-Dimensional Study.

The finite element method was used to capture the two-dimensional behavior in the
region which is magnified and shown on the right in Figure 2.7. This domain takes advantage of
symmetry in order to avoid unnecessary computation: in Figure 2.7, the dashed lines represent
lines of symmetry, which behave as insulated surfaces in terms of heat transfer.

A two-dimensional temperature distribution was calculated for winter conditions; that is,
the boundary condition at the inside surface was modeled as convection to air at 70 ° F (21 °C or
299 K), while the boundary condition at the outside surface was modeled as convection to air at
0 °F (-18 °C or 255 K). A pictorial representation of the solution that displays the temperatures
in Kelvin is shown below in Figure 2.8. The x- and y- coordinates are distances in meters.



278
Colar: T

278

274

= 272

= 270

= —2658

= —|266

- {264

252

260

| 1 | | | 1 |
0.03 -0.02 0. 0 0.01 n.oz 0.o3 0.04 0.0a

258

Figure 2.8. Finite Element Model Solution for the Air Cavity and Rib Regions.

The results of the two-dimensional heat transfer model reveal two important effects.
First, the temperature gradient is primarily in the horizontal direction; that is, the resulting heat
transfer is largely one-dimensional. Thus the one-dimensional model is reasonable to predict the
heat transfer. Second, the surface temperatures are fairly uniform along, say, the inside surface
of the air-filled cavity, or along the inside surface of the connecting rib. However, those two
surface temperatures are not the same. This is an important result because the one-dimensional
model developed in Figure 2.6 assumed that all inside surfaces are the same temperature, and all
outside surfaces are the same temperature.

As outlined in the appendix, a more detailed one-dimensional model has been developed
for modeling the Patio Pacific pet door. This new network, depicted in Figure 2.9, assigns
different temperatures to the inside and outside surfaces of the ribs, edges, air-filled cavities, and
door bottom. When used to evaluate the heat transfer of the entire door (not just the air cavities
and ribs) under typical winter conditions, the heat transfer predicted by this new model is 7.5 W,
compared to 10.5 W predicted by the simpler model of Figure 2.6.
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Figure 2.9. The Network Used for the Detailed 2-D Model of the Endura Flap.
For analysis purposes, the door resistance is calculated from the definition of
thermal resistance, Equation 2.1: R =AT /q. Appendix A describes this analysis

in detail.

2.5 Summary of Analysis Results

To create a comparison, the thermal resistance networks described above were applied to
the doors to obtain values for the resistance to heat transfer, R. For this calculation, appropriate
conditions at the outside surface were selected using ASHRAE standards. Also, by ASHRAE
standards of assuming a 70°F inside temperature and a 0O°F outside temperature, heat transfer
rates (a.k.a. energy losses) were calculated for the winter season. These findings are summarized

in Table 2.1.



Table 2.1.

Heat Transfer Analysis Results for Different Products.

Patio Pacific Ideal Pet Pet Safe Single Pane | Dual Pane
Pet Door Door Classic Window* Window*
R door (K/W) 2.14 0.21 0.17 - -
R total winter (K/W) 5.21 3.07 2.42 1.83 3.46
R” door (K:m?/W) 0.18 0.02 0.02 - -
R” total winter (K-m?°/W) 0.43 0.27 0.27 0.17 0.32
Winter** Energy Loss (W) 7.5 12.7 16.0 21.3 11.2

*These estimates are based on a window area equal to the average of the pet door areas.
**Conditions defined by ASHRAE standard winter design conditions.

An interesting finding is that the insulating ability of the Endura flap door alone is an
order of magnitude (10X) larger than the competitors’. Although this value is much larger, the
amount of heat loss through the doors does not change as drastically. This is because the
majority of the total resistance to the heat transfer comes from the convection at the surfaces
rather than the conduction through the door (Reonvin + Reonvout > Rdoor).  This is shown clearly
below in Figure 2.10. Lastly, the differences in the energy losses listed in Table 2.1 may seem
significant when viewed comparatively, but it is important to remember that these values are
only a few watts, which is very small.

Resistance to Heat Transfer, Ry (K/W)

Figure 2.10. Contributions to the Total Heat Transfer Resistance for the Three Doors.
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2.6 Conclusions

At the completion of the analytical study of each pet door’s heat transfer performance
under winter conditions, the following conclusions can be made.

1. The Endura Flap’s resistance to heat transfer, Rqoor, IS approximately 10 times greater than the
competitors’. However, the total resistance to heat transfer for this product, R, which determines
the rate of energy loss is only approximately 2 times greater.

2. Although the cavity design of the Endura Flap has clearly decreased the heat transfer, the
energy losses from heat transfer are very small for all three doors. Furthermore, these energy
losses are much smaller than the values associated with air leakage, as will be shown in Chapter
4.

3. Placing a material into the cavities is not likely to improve the heat transfer performance of

the Endura Flap pet door because the minimal convection currents that develop inside the
cavities allow the air to serve as the excellent insulator that it is.
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3. Infiltration (Air Leakage) Study

While the heat diffusing through the pet doors can be modeled and predicted quite
accurately with an analytical approach, the energy losses associated with infiltration (air leakage)
is much more complicated. Consequently, an accurate measure of each door’s leakages under
different conditions can only be obtained through experimentation.

The air leakage consumes energy because the air that enters the home must be brought to
the temperature of the dwelling by either heating or cooling. The amount of energy associated
with this process can be calculated using

q = pQC,AT, (3.1)

where q is the energy required to heat or cool the air (kWh or BTU)
p is the density of air (Ibm/ft® or kg/m?),
Q is the volumetric flow rate of air from the leakage (CFM or m%/s),
Cp is the specific heat at constant pressure for air (kJ/kg K or BTU/Ibm R), and
AT is the difference between the inside and outside temperatures (°C or °F).

Of the terms in Equation 3.1, the physical properties of air (p, c,) and the temperature difference
(4T) can be thought of as independent variables, meaning they do not depend on the door model.
It is the leakage flow rate, Q, which is most dependent on the pet door design.

Air leakage occurs when the air flows past seals or gaps along the perimeter of the pet
door. This air flow is driven by a difference in pressure. For example, when the pressure inside
the home is slightly less than that outside, air will be forced into the home through the seals or
gaps. So, for each door, the amount of leakage will depend on the pressure difference across the
door. This pressure difference across the door is typically caused by wind that impinges upon
the door. These two relationships reveal that the air leakage flow rate will depend on the
velocity of the impinging wind.

This is an important result that is rather intuitive, but it is also incomplete, because there
is also a dependence on temperature. Because of the pet door material’s coefficient of thermal
expansion, as the temperature increases or decreases, the pet door expands or contracts,
respectively. At low temperatures, the pet doors contract, causing the cracks along the perimeter
of the doors to become larger, which can lead to greater leakage. At high temperatures, the pet
doors expand, possibly to the point of becoming too large for the frame they are to seal with.
This would cause the doors to remain ajar after use, which could also lead to an increased
amount of leakage.

The final result of this discussion can be expressed in functional form as
Q=0Q(v.T) 3.2)

where Q is the volumetric flow rate of air leakage (CFM or m%s),
V is the speed of the impinging wind (mph or m/s), and
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T is the temperature of the air (°C or °F).

Equation 3.2 states that the air leakage volumetric flow rate depends on both the
impinging wind speed and the air temperature. This result is important because it is a concise
and exact statement of what parameters need to be varied in order to capture all of the air leakage
behavior of each pet door model.

The infiltration study performed in this work is comprised of three parts:

1. Effect of wind speed. In order to determine the effect of the wind speed, the leakage
flow rate is measured for each door as it is subjected to different pressure differences
that simulate head-on (perpendicular to the door) wind speeds ranging from zero to
about 25 miles per hour.

2. Effect of temperature. In order to determine whether temperature has an effect on
pet door performance, the above tests were conducted at three temperatures: low
temperature (approximately -5 °F), room temperature (approx. 70 °F), and high
temperature (approx. 110 °F).

3. Ultimate seal failure. In addition to the above tests where the leakage flow rate is
being measured, there is another test to determine the strength of each doors’ seal.
This ultimate seal failure test does not measure the leakage flow rate, but rather
determines the pressure difference necessary to break the seal and blow the door
open.

It is important to note that, given the extensive testing required, only one of each door model was
tested. It is assumed that each door is representative of the performance of the model; i.e., that
each door’s results are “typical” for that model.

3.1 Simulation of Impinging Wind

In this work, the effect of the wind on the pet doors was not tested directly; that is, air
was not forced onto the doors with a fan or any similar method. Directly imposing a wind on the
door was not feasible, since the effect of the wind changes with the wall size and shape, as well
as the wind direction. Instead, the effect of the wind was simulated by imposing a pressure
difference across the door. Following McQuiston et al. [2], wind impinging on a door or
window changes the pressure felt on the outside of the door. The effect is related to Bernoulli’s
equation, and is presented as

C,pV,’
AP, = 2w (3.3)
2
where AP,, is the pressure difference across the door (inH,O or psi),

p is the density of the air (Ibm/ft%),
V,, is the average wind speed (mph), and
C,, is the pressure coefficient.
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The variable C is not the specific heat, ¢, used in Chapter 2. Rather, it is a coefficient that

depends on the shape and orientation of the building with respect to the wind. The worst-case
condition is when the wind is head-on (perpendicular) to the door, in which case the pressure
coefficient is found empirically to be about 0.6. This value for C  was chosen for this work.

Figure 3.1 depicts the relationship between impinging wind speed and pressure difference
calculated using Equation 3.3. This relationship was used to determine the “effective” wind
speed that the door experiences. In this work, a wind speed of up to approximately 25 mph was
to be simulated.
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Figure 3.1. Pressure difference across door as a function of impinging wind speed
(Equation 3.3).

3.2 Experimental Apparatus

The apparatus had to meet the following functional requirements that were appropriate to
the project:

e Design should be simple in order to expedite the project.
e Accommodate the appropriate range of pressures and temperatures without sacrificing
measurement integrity.

e Allow for easy attachment and removal of the different pet doors without compromising
the flow rate measurements.
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The apparatus was carefully crafted in order to adhere to these guidelines, and can be seen below
in Figure 3.2.

Centrifugal
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Figure 3.2. Experimental apparatus used for testing the pet doors. This view shows the pressure
tap, the LFE with its ducting, and the suction side of the blower.

The wooden box pictured above serves as a chamber to maintain a partial vacuum
environment. The blower seen atop the box creates a low pressure inside the box when it pulls
air through the ducting that is attached to its suction side. As discussed earlier, this pressure
difference is established across the door to simulate the impinging wind. The brass item seen in
the center of the ducting is a Meriam laminar flow element (LFE), which provides a very
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accurate measure of the air flow rate, calibrated as a function of the pressure drop across the
LFE.

3.3 Calibration Procedure

Because the inside of the box is maintained at a partial vacuum to simulate the impinging
wind, the box itself leaks air. Physically, it is not possible to completely eliminate this leakage;
however, this leakage can be calibrated and then subtracted from the experimental data as
follows:

Qdoor = Qtotal - Qbox (34)

where Quoor is the leakage flow rate through the pet door,
Quotal 1S the leakage flow rate from both the pet door and the box, and
Quox is the leakage flow rate through the box.

Equation 3.4 shows how the desired quantity, Quoor, is found indirectly by measuring two other
quantities. These two quantities are determined by their respective tests. These tests are
necessary because the two quantities are both subject to change. In addition to depending on the
pressure difference and the temperature, they can change each time a new door is attached to the
box for testing.

The peripheral leakage, Quox, iS Obtained by sealing the pet door in a plastic cover so that
it cannot leak, as shown in Figure 3.3. Then, the peripheral leakage test measures the peripheral
leakage flow rate for the complete range of pressure differences to be used for simulating the
wind. Because the peripheral leakage could change with temperature, the peripheral leakage test
was performed at all three temperatures. And, because the leakage might change when a
different pet door is mounted to the box, the leakage calibration was performed every time a new
door was attached.

3.4 Air Leak Testing Procedure

Once the peripheral leakage has been calibrated (for a particular door and a particular
temperature) the plastic covering is taken off the pet door, and the total air leakage rate is
measured for the complete range of pressure differences to be used for simulating the wind. This
configuration is shown in Figure 3.4. With no seal over the door, the flow rate that the laminar
flow element measures is Quta, the combination of the leakage from the box and the leakage
from the pet door. The total leakage test must be conducted under the same conditions as the
peripheral leakage test in order to ensure the accuracy of the Qgeor Calculation. This was
accomplished by removing the seal and conducting the total leakage test immediately after
conducting the peripheral leakage test for each door at all three temperatures.
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Figure 3.3. Experimental apparatu with a pet door sealed for a Figure 34 Experimental apparatus with a pet door
peripheral leakage test. unsealed for a total leakage test.
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For each of the leakage tests, it is necessary to measure the flow rate for a range of
pressure differences in order to simulate an appropriate range of wind speeds. To obtain a range
of pressure differences across the door, a variac (variable transformer) controlled the power to
the blower’s motor. This altered how much power the blower received, which in turn
determined how much of a vacuum existed inside the box.

The pressure difference across the door simulating an impinging wind was measured
using a micromanometer. This instrument was selected for its high resolution so that multiple
measurements could be made through the appropriate range. It measures the pressure difference
by connecting one column to the pressure tap on the box while leaving the other column open to
the atmosphere, as shown in Figure 3.5.

Figure 3.5. Experimental apparatus with the micromanometer used to measure the pressure
difference across the door, shown here with the flexible ducting installed for the ultimate seal
failure test.
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The flow rate measurements were obtained using a laminar flow element. This
instrument determines the flow rate based on the pressure drop in the flow as measured using the
two pressure taps that can be seen protruding to the left in Figure 3.2. The inclined manometer
shown below in Figure 3.5 was selected for its range and resolution to measure the pressure
difference from the laminar flow element.

Figure 3.6. Inclined manometer used to measure the eés_re difference on the LFE.

3.5 Ultimate Seal Failure Test

The ultimate seal failure test is different from the leakage tests because the leakage rate
was not measured. In fact, the air leakage rate was not meaningful once the door finally “blew
open,” because the pressure difference between the inside and the outside of the box became too
small to measure — in essence, the pressure inside and outside the box equalized. At this point
the air leakage rate could not be correlated to the pressure difference.

The ultimate seal failure test simply measures the greatest wind speed the pet door can
sustain without being blown open. For this test, the laminar flow element is replaced with a
single piece of flexible ducting, as shown in Figure 3.5. This is because the laminar flow
element, while very accurate for flow measurement, is highly restrictive. Therefore in order to
simulate high wind speeds, this restriction must be removed in order to obtain the large enough
pressure differences.

To perform the test, a pressure difference is established across the door, as controlled
with the variac in the usual fashion. The power to the blower motor is gradually increased to
raise the pressure difference across the pet door until it opens. In addition to the visual cue, the
door’s opening is confirmed by the sharp, instantaneous drop in the pressure difference.
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4. Testing Results

This chapter summarizes the data collected for all air infiltration tests performed on the
Ideal, Pet Safe Classic, and Endura pet doors. The data are provided in Excel files in the
attached CD-ROM. The leakage depends on both the wind speed and the temperature.
Therefore, the results have been used to generate plots that display how both variables affect the
behavior. Each door has a plot showing how the air leakage volumetric flow rate changes with
the wind speed. Also, each plot includes separate curves to show the behavior at each of the
three temperatures.

In addition to understanding how each door performs individually, the more important
goal of this study is to compare the performances of the different models. In order to compare
the doors, plots have been generated that show how each door’s leakage flow rate changes with
wind speed. This door comparison is made at all three temperatures, so there is a separate plot
for each.

Lastly, the results of the ultimate seal failure test have been assembled into a table listing
the wind speed that each door sustained at each of the three temperatures.

4.1 Peripheral Leakage

The peripheral leakage (air leaking through the box) interferes with the ability to directly
measure the door leakage. Generally, the leakage through the box is much less than that through
the door. Nevertheless, peripheral leakage was calibrated as described in Section 3.3, and was
subtracted out from the total leakage test data to yield the door leakage via Equation 3.4. A
power law function was chosen to fit the peripheral leakage data. A typical result of this process
is shown below in Figure 4.1.
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Figure 4.1. Representative Peripheral Leakage Test Results.

This plot shows how the box leakage changes with the pressure difference across the door. The
equation displayed for the box leakage is the ultimate result of the peripheral leakage test that is
used in the door leakage calculation.

4.2 Door Leakage

As discussed earlier, the door leakages are presented in the following plots. In these
plots, the peripheral leakage has been subtracted, as in Equation 3.4. First, each door is shown
individually with the performance at all three temperatures. Then, plots compare the doors to
each other at the different temperatures.
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4.2.1 Individual Door Performances

Figure 4.2 depicts the door leakage rate (CFM) as a function of effective wind speed for
the Ideal Pet Door. For each temperature condition, the data point at the maximum wind speed is
the maximum speed the door withstood; beyond this value of wind speed, the door seal failed.
These conditions are represented by the dashed lines in Figure 4.2.
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For the Ideal Pet Door data, several observations are made: First, the air leakage
behavior at high temperature (111 °F) and room temperature are essentially the same; extreme
high temperature does not appear to change the leakage characteristics of the door. However, the
leakage rate increases significantly at low temperature (-2 °F). This is likely due to shrinkage of
the door material, which would open up the gaps in the door seal. Finally, in each temperature
condition, the door seal failed at winds between 15 and 21 mph. It is unclear, however, whether
the seal failure is correlated to the operating temperature.

Figure 4.3 depicts the test results for the Pet Safe Classic Pet door. For this door at room
or high temperature, the air leakage is about twice that observed with the Ideal Pet Door (at low
temperature the leakage is about 50% higher). In fact, because the leak rates are higher, the
experimental facility could not achieve high enough vacuum inside the box to make the door seal
fail, so data was collected only until the blower was at maximum speed. Otherwise, the results
for the Pet Safe door are similar to that of the Ideal. First, the high- and room-temperature data
behave similarly, though the leak rates at high temperature (113 °F) are slightly lower; it may be
that thermal expansion of the door improves the sealing capability of the door, albeit slightly. As
for the Ideal Pet Door, the leak rate of the Pet Safe door at low temperature (-5 °F) is
significantly higher.
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Finally, Figure 4.4 depicts the leakage data for the Patio Pacific (Endura) pet door. At
high or room temperature, the Patio Pacific door leaks at about the same rate as the Ideal Pet
Door, which is about half the rate of the Pet Safe Classic. However, where the Ideal pet door
failed at a wind speed of about 21 mph, the Patio Pacific door did not fail during these tests. (In
fact, later testing shows that the Patio Pacific door withstood winds above 50 mph without
failing, as shown in Section 4.3). Also, the leakage performance increased only slightly at low
temperature.
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Figure 4.4. Patio Pacific Endura Flap Pet Door Performance at Different Temperatures.

4.2.2 Door Performance Comparisons

Figures 4.5 through 4.7 compare the previous test data of the three doors; each plot
represents a different operating temperature. As seen in the plots, the Pet Safe Classic pet door
leaks more than the other doors at all three temperatures. At room and high temperature, the
Ideal and Patio Pacific pet doors leak near the same amount, but the Patio Pacific performed
significantly better than both doors during the low temperature test.
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Figure 4.6. Performance Comparison at Room Temperature (approx 70 °F).
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Figure 4.7. Performance Comparison at High Temperature (approx. 110 °F).

4.3 Flow Visualization

In order to qualitatively identify sources of air leakage, a fog generator was used on the
Patio Pacific door to visualize the air flow across the door.
areas in the design that are worthy of comment. First, a significant amount of flow appeared
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across the hinge of the door. Ad hoc attempts were made to reduce this leakage by taping a flap
to cover the hinge on the outside; this data appears in the Excel file “Test Data at Room
Temp.xls,” under the tab “Run Patio.” The data taken with the added flap show that the leakage
was reduced somewhat (approximately 10%), but only at higher impinging wind speeds. So, at
first glance, the data suggest that using a flap to reduce this leakage is not that effective. A
second area of leakage occurred at all four corners of the door, at the ends of the accordion-
shaped bellows that attach the magnetic seals to the doors. This is an area that could be
considered in order to further improve the leakage characteristics of the door.

Despite those areas of leakage, it should be noted that leakage was not observed across
the magnetic seals. Also, it should be noted that, in spite of the observed leakage, the Patio
Pacific door matched the leakage performance of the Ideal door at room and high temperature,
and exceeded all doors at low temperature.

4.4 Ultimate Seal Failure

The findings of the ultimate seal failure testing are presented below in Table 4.1. As
described in Section 3.5, this test was to determine what effective wind caused the pet door to
“blow open;” that is, to cause the door seal to fail. For the Ideal pet door, the seal withstood
slightly higher winds at higher temperature. For the other doors, the temperature dependence
was not significant. More importantly, however, is that the Patio Pacific door withstood
significantly higher wind than either the Pet Safe Classic or the Ideal pet door.

Table 4.1. Maximum Impinging Wind Speed (in mph) Sustained by the Doors.

Temperature deal Pet Safe Classic Patio Pacific
Endura Flap
Low (=-5 °F) 15 19 -

45 Heat Transfer Associated with Air Infiltration

Now that the infiltration characteristics of the doors have been quantified, it remains to be
seen how air infiltration affects the overall energy efficiency of the doors. In order to assess this,
a simple analysis will be performed. The heat loss through the door is assumed to be comprised
of two effects: conduction and convection heat transfer through the door itself, and the energy
loss due to air infiltration. For conduction/convection across the door, Equation 2.1 is used:

AT

q conduction/ convection — R

(21)
For heat loss due to air infiltration, Equation 3.1 is used:
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qinfiltration = pQCpAT (31)
When added together, these comprise an estimate for the total heat transfer across the door.

Based on the infiltration study, it appears that the worst-case heat transfer, and the largest
performance difference between the doors, occurs at low temperature. Therefore winter
conditions will be assumed: the outside temperature is again taken to be 0 °F, while the inside
temperature is to be maintained at 70 °F. Table 2.1 lists the overall thermal resistances, R, of the
pet doors for standard winter design conditions. This information is sufficient to calculate the
conduction/convection heat transfer rate using Equation 2.1. In fact, the last row of Table 2.1
lists the heat transfer calculated using Equation 2.1.

For the infiltration heat transfer rate, a value of air infiltration rate, Q (CFM) must also be
assumed. The infiltration rate is dependent on the wind velocity; a “typical” value of 15 mph is
assumed; this is consistent with the ASHRAE standard. The air infiltration rate is also highly
dependent on the temperature of the door, which, as a first approximation, may be assumed to be
the average temperature between the inside and outside conditions, or approximately 35 °F. This
temperature condition was not investigated in this work. However, as an approximation, the air
leakage rate is interpolated from the data as roughly the average of the values at the low- and
room-temperature conditions.

Table 4.2 lists the results of these calculations. Although these are rough estimates based
on simplifying approximations, the results are useful in determining the relative effect of
conduction/convection and infiltration on the overall heat transfer, as well as the relative
performance of the three doors.

There are four points that these calculations reveal. First, as before, the calculations
show that the Patio Pacific door has significantly reduced energy loss due to
conduction/convection through the door — about 40% lower than that of the Ideal pet door, the
next best product. Second, the energy loss due to air infiltration is significantly improved with
the Patio Pacific door — about 33% lower than that of the Ideal pet door. Third, the overall heat
loss associated with the Patio Pacific door is significantly improved over the Ideal and Pet Safe
Classic doors. Finally, the results show that the energy loss due to air infiltration far outweighs
those due to conduction and convection through the door: at the extreme case of winter
conditions, the heat loss due to infiltration is approximately 20 times that of
conduction/convection.

Table 4.2 Comparison of heat transfer performance for ASHRAE standard winter conditions.

Quantity Ideal Pet Safe Classic Patio Pacific
Heat transfer rate due to 12.7 16.0 75
conduction/convection, W

Heat transfer rate due to air 228.6 381.0 152.4
infiltration, W

Total, W 241.3 397.0 159.9
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Again, it should be noted that these calculations are based on rough approximations and
winter operating conditions. The improved thermal performance of the Patio Pacific door would
not be present at higher operating temperatures, since the infiltration characteristics of the Patio
Pacific and Ideal pet doors are similar near and above room temperature. However, the
calculations do provide some useful information on the magnitude of the energy losses and the
relative performance of the doors.

4.6 Summary of Air Infiltration Testing

1. Air infiltration rates were found to be dependent on the effective speed of the wind impinging
on the door, as well as the operating temperature of the door.

2. Operating temperatures above room temperature do not seem to affect the infiltration
characteristics of any of the doors significantly. However, both the Ideal and the Pet Safe
Classic pet doors had low temperature leakage rates that were about double their room
temperatures values. This increased leakage is probably the result of an increased crack size
along the perimeter as caused by the material’s contraction at low temperatures. The Patio
Pacific pet door model did not experience this increase in its leakage because its magnetic strips
along the sides were able to maintain a consistent seal.

3. Air leakage across the Patio Pacific door was observed in two major locations: across the
hinge, and in the four corners of the door, where the magnet attaches to the accordion-shaped
bellows on the door.

4. An order-of-magnitude heat transfer analysis shows that air infiltration under winter
conditions accounts for about 20 times more energy loss than that due to conduction and
convection heat transfer through the door. However, this is an extreme result; at higher outside
temperatures, and depending on the door model, the infiltration losses are not likely to be as
great.

5. Under approximate winter operating conditions, the Patio Pacific pet door experiences about
40% less energy loss due to conduction/convection, and about 33% lower energy loss by
infiltration than the next best performing door, the Ideal pet door. However, such improved
performance is not likely at temperatures above room temperature, since the Patio Pacific door’s
infiltration characteristics are similar to the Ideal pet door’s at higher temperatures.

6. The ultimate seal strength — the effective wind that causes the door to blow open - is
significantly better with the Patio Pacific pet door.
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5. Conclusions

In this work, thermal models were created for each pet door to predict the heat losses that
will occur while in use during the winter season. Also, the problem of infiltration was studied
through experimental investigations into the effects of impinging winds and large temperature
variation. The results of the above support the following conclusions.

1. The thermal resistance of the Patio Pacific Endura Flap pet door is about ten times greater
than that of the Ideal and Pet Safe Classic pet doors, considering heat transfer through the door
only. When air convection is also considered, the overall resistance of the Patio Pacific door is
about one and a half to two times that of the other doors. The overall resistance of the Patio
Pacific door is better than that experienced even for a dual pane window. The primary reason for
the better thermal resistance is the cavity design, which greatly increases the resistance to heat
transfer.

2. The geometry of the cavity causes only minimal convection currents to arise, which allows
the air to function as an excellent insulator. In fact, because air has such a low thermal
conductivity, pursuing options to insert insulation material into the airspace of the cavity will not
only increase the complexity, but will increase the energy loss as well.

3. Although the thermal resistance is clearly improved with the Endura Flap, the heat transfer
across all the doors is small when compared to the heat loss associated with air leakage. Energy
losses due to air infiltration can be as high as 20 times those due to conduction/convection across
the door.

4. The Patio Pacific Endura Flap’s magnetic strips along the vertical edges maintain good
protection against leakage in all of the temperature environments. These magnetic strips set the
pet door apart from its competitors because they depend on dimension tolerances for a good seal.
As a result of this dependence, the competitors suffer at low temperatures when the cracks
increase in size from thermal contractions. This is particularly important because it is occurring
when leakage will cause the greatest energy losses.

5. The hinge across the top is the Endura Flap pet door’s primary opening through which air can
infiltrate the home. While the competitors’ cantilever designs without a hinge would therefore
seem desirable, a problem with this design is that the doors become difficult to open at low
temperatures because the flap material loses its flexibility. A second important leak location is at
the edge of the magnetic strips, along the accordion-shaped baffles that attach the magnetic seal
to the door.

6. The primary advantages of the Patio Pacific door are two-fold: (1) The door resists air
infiltration better than the two competitors’ doors at lower operating temperatures, (2) The door
resists seal failure (“blow open”) at significantly higher effective wind loads — above 50 mph.

As mentioned in the body of the report, all infiltration testing was performed only on one sample

of each door model. That is, the testing results are assumed to be typical of the model, and
therefore no statistical analysis was performed.
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af the Linte <element model vwte o 2D

hetwork mode! thot T bothn Sum P e and

-CYUJ:‘IFE QA ccurete,
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Trte mmdﬁ-up\t cesistances, Howeser e cextter |
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c,cnmpuc_o\_‘?ﬁﬂp becaus? * now has beth
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N cwiofﬁ—?oh Yo m;\:-mg Mmore ferms, two 223

of ‘them are von-linears The mn-fxﬁﬁw

Ferms are K., ano R___ 4

, A o

The gaa,i u::‘r‘rle.ﬂ ﬂ:,olv'mg A heat “Yronsfer
Prmb%e.m is 4o obteln “the Temperesture
distrilbutton throughoust the dlormadin.
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becoruse in orpler Ho© solve for “Mthe
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, twe of
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Recall Yhoxt wam — mejlk-.f eol culected ,'4./13
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the  other doers. To afrive axt Wnis vedue,
an &mpxrtm\ corveletion \us ueed bfc_muiﬂ‘
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T X
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A \\m-pm\"’r&h‘P Note on “YJh*EL HNusselt numper
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The Q@gﬁi Ihcm'ﬁ. een G‘I“nfl‘k\f?.flil'.‘f'l’-‘ d'w;'r @S ‘befefej
with ¥he addition of fwo more pursdled
resistences Rr whe plastic srol moghet |
preces  of he didde magnets, These c.c:nolmcﬁk-'}\iﬂ!
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Dﬂi\f- small values for Ra 2o thedt mm
will be cdose To 1.0, This jefermation
Vs ouseful redu,c:mg he number of
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E“QJS&E
1 7
T Ta
Tm‘“nln Tﬁﬁ W Kusal ¥ cang Ruall TN ;:“E“;“-ﬂ'
S 7 T
Rmm'm.d
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To beﬂxm‘, a value Hr ﬁ:ﬁm s gwe;-:pa-ﬂaf ansf
then  used 0 generafe a value for Ry by
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Nu k. A,
Leay
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Becanse Reayin depends on’ T, ey
con ‘pe . so\ved sy u‘!mﬂwuﬂ.\fl By otf.w-eiﬁfﬁmﬁ
o élhg\t \a&@\icﬁ \ecrxm:%-fiah from e

reolu ed SHhermel| resistence petweri.
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The mnlll\f wuhknown in \E’H‘f: 'E-C‘f“ﬂh#!mh 5= LT;_;m.

Ater 5@1\!\1""3) Stor :H‘J, bath P\.l C'JWOJ E‘m o
be calalates], Now Fnok ey resstance
15 known, T, and T, can be caleulated.

These temperectunes ore “then usesl o

cel culete Raw onsl “hen ‘@knakb_/ Nu

Looyg

This volue <or E‘_{M 15 Yhe celewlated value.

Yo bfﬁ‘m “e next \i't“ﬂ"ad:l O, compore Ve
calculateal value “4o the Sucﬁ'_-asfci wmlmﬁ
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This E}l"ﬁﬂ-ﬁ%‘; must  be feVlowresl Y oraler | !4‘/2_5
Yo seWe Lor boeth appreach A ond B |

\In Yhe excel €le Thermal Moclel ‘éo‘lu"t—:mnbj
“+he terotions are storted by anﬁﬁnnﬁ a
Value in %he tndiceted cell markeel as
“Nu ¢ bar Suﬁaaﬁof, whickh s on “tne
“Approximote  PoHio Paci@lc” tab.

Then, ¥he ?m@ﬁc_ﬁﬂ -ec:tucc{—i'aﬁ% are sowed
for opproach A and B H:a\j running “+he
solver Jool on e worlkaheets Fhat hawve

been crectes o colculade Wi

The,ﬂ o TY\&'JC'J_"E'. '"'?hf calewl ﬂr\_,"ﬂ‘ﬁof valuwe HFor
Nu ( Mmooy keal as WN Uchbor cealeouwlated i ) o |
Leosy |

e Smﬂs'ﬁﬂﬁij value,

Afrer a solutHen wis (@aehed (\ N oo
3%.&55{& 2 Nuchar Cﬂ-kcmlcd“ﬁd)i, e
awernge Volue @r Wne insiole convection
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i
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The Q‘.’ﬁ“ﬁ‘“":"—i“ c:ma\yéis Nas %iwmffa macle
Whe fellowing assumptions:

) eat fransder s oﬁe.,—af'-m&ﬂﬁhhmnaj.

Z) Heat Hronsfer s under steady-state candl MHions
3) Al surfeces howe A0 uniorm Fempercture,
4) Material properties are constent,

5) Radioron effects ore he&}l“mgtfﬂe,.

6) A performs as an ideal gas,

The only asswpHons “het needl Yo be
checkedd oare V) and ). To do “his, a
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Non-uniform surface tempershues are
mest pronouncedl i Shis reqion of Yhe
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The €inite element model was createdd -; 16/2%
Uu';fing Motlab's PDE Toe\box. |
|
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T Py
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Lcony _

1.0, Iﬂd'mm+1n5 ok the oty \s ﬂfﬂy
stagnent, In fuct, because the Nusselt |
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Leaw
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The 2D selution provickeol a check on
a&ﬁumﬁimﬂa ) anol ) b\/ r:e,sfeoaﬁms
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+he behaviefi The npearly uniform surtace
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1 be combines with a CoNVe cHue

resistance Yor its zurfece olone.
E%\f creq#inﬁ a I?gfq_“r'e) braneh

convectten Hom +he nscle s:x}ﬂ"*f

conolucton "'H”"_li"‘c:ﬂug]q +he deor component,

U

ol convection 4o whe autsiole a.}r -

each G}]ﬂcﬁ, Ythe network mede! behavior

A1
oy
o

B vary e,l'o';e{y appm:{}mcm‘e e  ssluten
Hhe Linrfe element mockel. ThHis New

B Nnetwerk s relerresl F6 as e dedta ke

1-D  meolel,
%Wﬁn ‘JITSE} Rﬁﬂﬁoﬁ R{:nm,u\.ﬁ QJ&E;
T |
5.}.»1 -qnﬂi}-j, ‘-1_5,&.:" 'EJ.&"}
. £ .R:m;ﬂ-‘tﬁf, @\ .
cohw, i coditue 5 card ot contbies,
Toen " \W——— N —— e AAN——
—rs:m eanThes _'Efnui" _ u\i‘?:IE'S Tﬂ‘f‘,uu“l'
2 i TET——y
E‘Hﬂt:ﬂ t‘.m_"l:ﬁr RF?D& QM,GU&‘ r:h.i
‘T;;m r“},-,:, _-F;ul.d‘ "?bﬁ
/ %MN_,‘H] et @bﬂ'ﬁ“m %anu,m.& bhﬁﬂm

19/22



Thqs NEHUGFP- q!loma Yhe surface ‘-F&mpeﬁh‘nq '25/73

of each. ﬂmﬁc&, Yo be oletermines! mofeptﬂafﬁw}n
UrrFor‘-l—LLnaﬁr-e[\f, Yhe now 'ﬁﬂjﬂ mm‘@ar‘m
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