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Statement of Purpose

The purpose of this report is to provide a chronicle of my one year work
sabbatical that occurred during the spring semester of 2003 and the spring semester of
2004. Section one contains my initial sabbatical proposal to enter the work force and my
request to the Salary and Leaves Committee for flexibility with the organizations I
worked with. Section two describes the actual work I performed and the background to
why I chose these activities. Section three documents the educational seminars and
conferences I attended that augmented my activities in the field. It also includes several
trade related certifications I received during my leave. Section four describes the derived
benefits and values to both the college and myself.

Ten months and two summers later, I feel lucky to have been able to immerse
myself in the trade I have worked with since high school. I feel luckier, however, to be
blessed with the job I am returning to. I would like to thank the Salary and Leaves
Committee for approving this sabbatical and granting flexibility with my original
proposal. I hope this document provides the necessary evidence that the time I spent
away from Mount San Antonio College was a good investment for the tax payers and

useful to me as a teacher.



Section One

Sabbatical Proposal



Sabbatical Leave Proposal for the 2002-2003 School Years
Darrow Soares
Air Conditioning and Refrigeration

Proposed Sabbatical Activities for Spring Semester 2003 and Spring
Semester 2004

To reenter the work environment of air conditioning and refrigeration and work with
controls for building automation and energy management.

Description of the activity:

I propose to reenter the work environment and culture of construction and building
facilities management for air conditioning and refrigeration. This will include being
involved with the labor and commerce of at least four air conditioning and refrigeration
contracting companies and at least one organization in facilities management. I plan to
restore my awareness of work culture and study the practical use of new technologies for
building automation and energy management.

The technologies I plan to focus on include Computer Process Controls (CPC) used in the
control of super market refrigeration and Honeywell controls used in building
automation. Both applications have become very important in our industry and deserve a
prominent place in our curriculum. Practicing the use of these controls in industry will
enhance my knowledge and my ability to teach.

In order to gain short term access to business organizations, I will reactivate my
contractor’s license and subcontract my labor and skills to each firm on a project by
project basis. The purpose of contracting is to eliminate the expense, to the businesses
participating, of worker’s compensation, payroll and tooling. As an independent
contractor, I will be much more attractive as a short term team member for construction
and facilities projects.

Methods of Reporting Activities

To report on my activities and observations, I will keep a personal journal based on the
Observation_Report developed by Cindi Anderson, Professor of Biology at Mount San
Antonio College for her 1998-99 Sabbatical Leave to Sasebo, Japan. The observation
report will document my activities and experiences described in the previous section.
Relevant materials including digital photos, manufacturers literature, and schematics will
be collected to support my written accounts

Upon my return, I plan to share my experiences with my department, students, and other
interested persons during informal sessions designed for this purpose.



Proposed Time Line/Itinerary for Sp

ring 2003

Riverside, CA

Month Company Outcome

January | Encompass Mechanical | Honeywell Controls for Building Automation
Ontario, CA. and Energy Management

February | City of Riverside Facilities Management
Riverside, CA

March Market Refrigeration CPC Controls for Supermaket Refrigeration
Corona, CA

April Source Mechanical CPC Controls for Supermaket Refrigeration
Fullerton, CA

May Riverside Refrigeration | CPC Controls for Building Automation and

Commercial Refrigeration

Proposed Time Line/Itinerary for Spring 2004

Month Company Outcome

January | Encompass Mechanical | Honeywell Controls for Building Automation
Ontario, CA. and Energy Management

February | Environmental Control Liebert Air Conditioning for Clean Room and
La Vern, CA Computer Applications

March | Market Refrigeration CPC Controls for Supermaket Refrigeration
Corona, CA

April Source Mechanical CPC Controls for Supermaket Refrigeration
Fullerton, CA

May Riverside Refrigeration | CPC Controls for Building Automation and
Riverside, CA Commercial Refrigeration

Participation with these specific organizations is not guaranteed. Construction and
maintenance activities are strongly affected by the economy. If it appears my

participation in the industry does not match the hours required for a full teaching load, I
will contact the Salary and Leaves Committee to establish alternatives.

Anticipated Value and Benefits

To Mount San Antonio College

Many teachers of air conditioning and refrigeration are viewed as being “out of touch”
with the trades since they have not experienced the work environment in years. This is a
negative reflection on the Community College System since some industry experts
question the relevancy of public education in teaching the building trades. If I am

allowed to reenter the work force and represent the community college system, I will add

to the credibility of our system.

To the Air Conditioning and Refrigeration Department

Technologies and air conditioning design has transformed since I began teaching. My 15

years of industry experience prior to teaching, are based on an era before an




understanding of digital controls and energy management were considered entry level
skills. During this project, I plan to apply the knowledge and skills I have developed in
the lab environment, and test their relevancy in industry. Ihope to relate these
experiences through the documentation of digital images, equipment performance data
and literature to classes I teach. These include:

AIRC 10 Math for Air Conditioning and Refrigeration
AIRC 20 Refrigeration Fundamentals

AIRC 25 Electrical Fundamentals

AIRC26a  Heat Pump Fundamentals

AIRC26b  Gas Heating Fundamentals

AIRC 34 Advanced Mechanical Refrigeration.

Other benefits to the department include improved ties to industry and work culture, and
exposure to new air conditioning and refrigeration design.

To Myself
Reentering the work environment is an outstanding opportunity for professional growth.

Through this experience I hope to better understand the critical connection between
mechanical air conditioning and building automation. It is my intent to develop
applications to better teach this connection and, as a result, improve my presentation.



Request to Augment Sabbatical Activities
Spring 2003 and Spring 2004

Darrow Soares
Air Conditioning and Refrigeration

Changes in Sabbatical Activities for Spring Semester 2003 and Spring
Semester 2004
To request flexibility in working with companies named in the original Sabbatical

Proposal.
To allocate Sabbatical time to study and practice Heat Load Calculations as they
apply to energy management and building automation systems.

Revised description of activity:

I have reactivated my contractor’s license and currently subcontract on a project by
project basis. The companies I have been involved with, however, are different from the
firms submitted in the Sabbatical Proposal. Opportunities have changed as a result of the
economy. The City of Riverside has suffered cutbacks and my contact in the Facilities
Department has been reassigned. Encompass Mechanical has been bought out by Pacific
Rim Mechanical and management has reorganized. As a result of these unpredictable
times, I ask the committee for flexibility in my contracting assignments.

I also request the allocation of time to research and practice procedures for heat load
calculations and duct design as applied to zoned air conditioning systems and energy
management. The initial heat load design for air conditioning and refrigeration systems
affects equipment efficiency and energy consumption as much as the application of new
technology. Energy efficient motors and computerized management systems are only
effective if the heat load calculations are performed accurately. The air conditioning and
refrigeration industry is revising the methods to conduct heat loads in order to support
these new technologies. As a result, these procedures should be included into my project.
This will require attending seminars and training in addition to applying the new
procedures in industry. I have included a proposed schedule of training.

_Schedual of Conferences

Conference/Seminar Title Activity

Forced Air Zoning System Networked zoning system design including damper selection, EMM
Design. By Honeywell Controls, | controller selection, ducting and system set up
Riverside, CA. Feb. 18, 2003

Air Handlers for Energy Variable and constant air volume systems, adjustable speed drives and
Management Systems. energy conservation methods.




Irwindale, CA March 5.

Controls for Market Refrigeration
Systems. By CPC.
Reno, Nevada. March 13 &14

Energy Management Using Computer Process Controls (CPC) for
Market Refrigeration.
Refrigeration Service Engineers Society Certification

Scroll Compressors. By Copeland
Corporation. Los Angeles CA
March 18.

Scroll compressor design and application to Part-Load conditions for
energy management

Energy Management Systems.
By Southern California Edison
Irwindale, CA March 19.

Current technology in HVAC control methods. Explore a systematic
approach for identifying, designing, and planning an EMS.
Communication networks, conducting equipment studies, conceptual
system design and cost/benefit analysis.

Revised Time Line/Itinerary for Contracting Spring 2003

Month Company Activity
January Southern California Air Job shadowing in the Technical Support Department.
Conditioning Distributors, Focusing on Carrier and Venstar Controls for
CA. Residential & Light Commercial Zoning Building,
Automation and Energy Management
Contracting Services to Southwest Heating
and Air Conditioning, Chino, California.
Installing high efficiency Lennox air
conditioning systems.
Subcontracting as Hasco Refrigeration, Riverside, California.

February | Central Air

through | Contracting and

May Mechanical.

proprietor.

Darrow Soares sole

Contracting services and participating in the
installation of Honeywell variable air volume
zoned air conditioning systems.

Perform heat loads to design and install
residential and light commercial Honeywell
variable air volume zoned air conditioning
systems.

Vacom Industries. LaVerne, California. of
Eschelon direct digital controls and energy
management systems.

Other opportunities as available




Revised Time Line/Itinerary for Contracting Spring 2004

Month Company Activity
VaCom Technologies, LaVern, CA.
Participating in the installation of Eschelon
January direct digital controls and energy
through management systems.
May
Market Refrigeration
Contracting or Corona, CA Participating in the installation of
Subcontracting as CPC Controls for Supermaket Refrigeration
Central Air
Contracting and Source Mechanical
Mechanical. Fullerton, CA Participating in the installation
Darrow Soares sole of CPC Controls for Supermaket Refrigeration.
proprietor.

Riverside Refrigeration

Riverside, CA Participating in the installation
of CPC Controls for Building Automation and
Commercial Refrigeration

Other opportunities as available

Participation with these specific organizations is not guaranteed. Construction and
maintenance activities are strongly affected by the economy. If it appears my
participation in seminars, training and industry does not match the hours required for a
full teaching load, I will contact the Salary and Leaves Committee to establish

alternatives.
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Section Two

Work Activities
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Southern California Air Conditioning Distributors

The Background

In January of 2003, Southern California Air Conditioning Distributors (SCACD)
was the largest distributor of air conditioning equipment in the United States. Based in
City of Industry, California, SCACD became closely tied to Carrier Corporation when
Carrier’s manufacturing plant was located on Chestnut Avenue in City of industry. The
plant shut down in 1994, but SCACD continued to control the distribution of Carrier
equipment throughout California until it downsized and sold many of its distributors in
2004.

SCACD built a loyal contractor following by offering the best technical support
of any air conditioning distributor in California. Many of the industries best HVAC
technicians started out in the Customer Assurance Department and numerous air
conditioning teachers have worked there. For my sabbatical leave I applied to “work the
phones” in the Customer Assurance
Department. It proved to be very intense
and educational.

The purpose of the Customer
Assurance Department is to serve as
technical support to installing contractors

and service technicians that buy any of the

many products sold by SCACD. This

SCACD holds technical literature on all
equipment manufactured by Carrier

included the entire line of residential,

commercial and industrial air conditioners manufactured by Carrier Corporation,
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including Bryant, Day & Night, and Payne. In addition, assistance is offered on products
made by Mitsubishi, Reznor, Venstar and many other lines of parts and controls.

Calls come in to the Customer

. = * Assurance Department from service
technicians working on the equipment in
= ' the field. The technicians are usually
billing an hourly rate to solve a problem

they may not understand. As a result, they

are frustrated and very intense. Calls can

Discussing thermostat functions

range from the basics of measuring

ductwork air flow, to electronic hardware failures on 200 ton Carrier water chillers.
The Application

The breadth of equipment manufactured by Carrier Corporation alone, requires
the Customer Assurance Representative (CAR) to spend much of their time on research.
While I worked in the Customer Assurance Department, I spent many hours studying
digital thermostat functions and receiver/controller operation on their digital line of
controls. Often, I was required to locate a schematic or refrigerant charging chart
developed thirty years ago. This was achievable since the Customer Assurance library
holds hard copies of the installation and service manuals of almost every piece of
equipment manufactured by Carrier, Day & Night, Payne and Mitsubishi Air
Conditioning.

After 11 years in the classroom, my strength was in explaining basic air

conditioning principles that technicians missed during their education. One of the key

13



principles often centered on their inability to properly measure air flow. This lack of
understanding then resulted in many mechanical system problems and nuisance warranty
claims. Other issues that influenced warranty included diagnosing failed heat pump
reversing valves, understanding of digital thermostat functions and residential and light
commercial zoning.

At the request of Scott Strong, the Customer Assurance leader, I wrote a series of
short articles for The Institute of Heating and Air Conditioning Industries (IHACI) of

which Strong serves on the board. THACI publishes the trade journal Indoor Comfort

News. These articles were written while I worked with the Customer Assurance
Department and then published in later issues.

The first article appeared in the March 2003 issue. The subject of this article was
diagnosing a failed reversing valve on a heat pump. This was importance since the
process of removing a reversing valve and then welding it back in place often
contaminates the air conditioning system. Contamination results in more problems in the
long run by restricting metering devices and ceasing the replacement reversing valve.
The purpose of the article was to illustrate the proper method of diagnosis so operational

valves would not mistakenly be replaced

INIIIIIIR BllMl’IlliT

March 2003 I'IE V0|CE OF THE INDUSTRY www.ihaci.org

THE WEST’S LEADING MONTHLY NEWSMAGAZINE FOR THE AIR GONDITIDNING HEATIHG HEFHIGERATION SHEET METAL AND VENTILATING INDUSTRIES

The Energy Edltorlal Hot New

Resource Center: Focua Products:
“* | Southem Callfommla g " This month, ICN Find out about the
Gas Company's ERC in | 1 takes an latest In technology
‘| Downey, Calit., a 3 U « In-depth look at In ICN's new
| "living, breathing" ‘.’ ks heat pumps. i products section.
bullding.
Page 8 | Page 12 Page 23
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Heat Pumps Special Section

Diagnosing and Replacing the Reversing Valve of a Heat Pump

By Darrow Soares

Special Correspondent
Editor's Note: Darrow Soaves is an
HVACIR professor at Mount San
Antonio College in Walnur, Calif He
is a member of RSES and ACCA,
and currently serves on the NATE
Technical Commitiee.

he reversing valve is the heart

of the heat pump. It is the
device thar controls the direction of
the refrigerant flow exiting the
compressor. By directing hot gas to
cither the indoor or outdoor coil,
heat is added to the conditioned
space, or rejected to the outdoors
for coaling.

Reversing valves are prone to
mechanical failure when particulate
matter or other contamination is
allowed to cnter the system, Ifa
reversing valve is found to be defec-
tive, proper removal and re-installa-
tion will ensure against further con-
ramination and repear failure.

Defective reversing valves can be
tricky to diagnosc, but a few simple
procedures will remove the mystery.
First, determine if the reversing
valve solenoid is energized. When
the reversing valve is being called
for, apply a flac shank screw driver
to the end of the solenoid. There
should be magnetic pull. If no

magnetism is present, check for

Point A

B) and apply it to the dome of the
p (point C) where the

i:l
(o)

=
Ol ia want

DRAIER

——t

Figure 1. Heat pump in the cooling mode sbowing points to

the reversing valve.

2L ok

correct voltage to the coil. When
voltage is present without magnetic
pull, an open coil should be con-
firmed by de-energizing the system
and checking the coil with an ohm-
meter. Check for continuity or a
short to ground.

Reversing valves can seize
mechanically. If the valve scizes
midway, the symptoms can be con-
fused wich weak compressor valves:
higher than normal back pressure
and lower than normal head pres-
sure, To determine which compo-
nent has failed, apply ovo remote
sensors of an clecrronic thermome-
ter to the reversing valve, Attach

onc to the common suction line
exiting the valve (Figure 1, poinc A)
and the other to che suction line
entering the reversing valve (Point
B). Under normal operation, the
temperature difference between
these two lines should not exceed
4°. A gremer difference may be the
result of the reversing valve not
shifting complerely and allowing
hor gas to bleed over to the com-
mon suction line, raising the com-
mon suction line temperature,

A sccond procedure will confirm
the diagnosis. Remove the tempera-
ture probe (rom the sucdion line
entering the reversing valve (poinc

suction line enters the compressor.
"Hot wire" the reversing valve sole-

enough clearance to rorate a stan-
dard tubing cucter 360°. This dis-
tance will allow enough room to
manipulate the torch during te-
installation and reduce the risk of

noid coil so it stays encrgized
through the test. Nexr, disable the
condenser fan motor and run the
syscem uniil the high side pressure
rises to a head pressure that converts
to 150 on the temperature-pressure
charr. For R-22, this equals 380
psig and for R-410 it equals 613
psig. Turn the system off by break-
ing control voltage and watch both
F [f the temp on
the reversing valve common suction

line rises fuster chan the compressor
dome, the reversing valve is the
problem and should be replaced. If
the compressor dome temperature
rises faster, weak compressor valves
are causing the pressurcs to equalize
and the compressor should be
replaced.

Proper removal and che re-instal-
lation of the new reversing valve
will prevent repear failures, Begin
the process by recovering the refrig-
crant using approved EPA stan-
dards. Do not remove the reversing
valve with a hack saw. This will
introduce copper chips into the sys-
tem that will cause repeat failure.
Always cut the failed valve out wich
a tubing cuteer, Travel down the
refrigerant lines undl there is

Enter the profit zone with

Honeywell ZONiNg solutions

Surveys say up to 75% of homeowners want zoning systems.
Gain more satisfied customers now. What are you waiting for?

Offer the energy saving solution from Honeywell that will make
your customers more comforiable and boost your profits!

Whether it's new construction or retrofit, Honeywell's )
residential/light commercial complete, easy-to-install zoning
systems let you design a solution to please every customer:

» The new Electronic Mini-Zone and TotalZone series
= Wireless RF Zoning
= Communicating/Networked Zoning

FREE sales support
tools for contractors

Honeywell

For a demonstration and to learn how your business can grow with the
industry’s leading zone control system, contact Vince Racalbuto,
Honeywell West Area Zoning Specialist at 1-800-231-7658,

E-mail: vince.racalbuto@honeywell.com

Visit our website at www.honeywellzoning.com

Toll free technical support: 1-800-828-8367 from 7 a.m. to 4 p.m. CST

overhearing che Teflon scals.

Once the defective valve has been
removed, mark the refrigecanc lines
entering the old valve with a scratch
awl as a reference to line them up
with the new valve. Apply the refrig-
erant lines to the new reversing valve
by lining up the scratches applicd
earlier and brazing into place.

When brazing, first apply heat to
the refrigerant line entering the
valve uncil the brazing rod flows.
Once this occurs, move the flame o
the valve and allow capillary action
to draw the rod material completely
into the fitcing. Quickly apply one
more layer of rod material to the
outside of the fitcing ro ensure cov-
crage.

Always protect the new valve by
rapping it with wel rags or using
thermo paste. When the copper
lines are complerely brazed and the
fitcings are cool, blow the valve and
lines out with dry nitrogen to
remove alt copper oxide. Re-attach
the entire manifold into the heat
pump with slip couplings.

Before brazing the couplings,
bleed dry nitrogen chrough the sys-
tem to displace air inside the system.
This will prevent copper oxide from
forming inside the refrigerant lines
at the new fitrings.

J Afmnthniokm faisejora dneel!
leak check the system, and evacuate
wsing approved methods, Weigh in
the relrigerant based on the name
plate refrigerane charge and operate
the system in both modes w0 be sure

the valve operates properly.

The biggest risk in replacing
reversing valves is averheating and
intruducing contminaton during
the installation process, IF properly
diagnused and installed, the revers-
ing valve will operae trouble free
for the life of the cquipment.

Advertise
In

INDOOR
COMFORT
NEWS

Call
818-551-1555
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The second article appeared in the April, 2003 issue of the Indoor Comfort News.

This article discussed the method of diagnosing refrigerant side problems in basic

residential and light commercial air conditioners with fixed bore metering devices.

Refrigerant side problems exist when a system is low on refrigerant charge or

contamination has entered the system. During my experience at SCACD, I did not sense

this was information service technicians lacked. As a result, this subject did not result in

numerous warranty claims. It did, however, support the previous article on diagnosing

reversing valves and the subsequent article on duct design.

Kick-off to the Cooling Season

Tips for Technicians: Know the Refrigerant Side Vital SIgns

By Darrow Soares, CMS
Special Correspondent

aintaining the refrigerant

Jevel on critically changed air
conditioning systems is essendal to
mechanical operation and efficiency.
Manufacturess agrec thar the best
method dealing with a questionable

can be nmning at full apadity with
an 18° split if the latent load is high.
The technician can easily check for

high lawent heat removal by observing d

the volume of water being removed
through the condensate line. Bur, if a
split of 18° s recorded and there i
no evidence of larent heat removal,

the technician should continue to

charpe is wo recover the refrigerant,
cvacuate and then weigh ir back in.
The manufacturer’s charging da is
also an accurare reference when it is
available and charging slide rules arc
popular. Knuwing the viaal signs of
operation, however, will allow the
service technidan to quickly decer-
mine if refrigerant problems exst and
then ke extra measures if required.
The first vital sign to check is the

split berween supply and returm air
Allow 20 minutes of run time for
conditions to balance and condensa-
tion 1o cullect on the evaporator.
Place a thermometer in the supply
and return air duct dlose to the cvap-
orator coil to aczount for ducr leak-
age. The temperature difference
across the evaporator coil should be
berween 18° and 20°. This sensible
temperature splic will be closer 10 18°
when the reladve humidity is high
and doser t0 20° when it is low. This
is because the latent process of
rermoving moisture from a condi-
tioned space requires mor: encrgy
than lowering the sensible tempera-
ture. As a result, an air conditioner

check other vital signs.

F the splic between supply and
retuen is below 18°, a system prob-
fem exists. The technician should
observe the rise across the condenser
and the split between the retum air
and evaporator temperature. These
are found by applying the gauges and
conwerting high and low side pres-
sunes to temperaturc. Based on the

sandard temp pressure charr,
an R-22 air conditioner with 2 high
side pressure of 296 psig is condens-
ing ics refrigerant from a hor gas into
aliquid at 130°. If the air entering
the condenser is 100°, the rise across
the condenser is 30°. If the low side
pressurc bs 61 paig, che air condition-
o is evaporating, or boiling its refrig:
erant from a liquid to a vapor at 35°
The evaporator temperaturc is then
subtracted from the 75° retumn air
temperanute recorded carlier. The

www.lhacl.org

splic berween retum air and evapora-  and subcooling exiting the condenser.  {ncrease, Mai perheat is
tor is 40°, With this process, the Superheat is lh° difference berween critical because it pmmas the com-
chnician can establish g  theewy g temp andthe  pressoragainst Jiquid slugging and it
and condensing remperatures overa  Vapor emperarure measured any- provides compressor cooling Expect
range of operating conditions. where in the suction fine. superheat cemperatures as low as 6°
Condensing Temperature When checking the refrigerant during low interior load conditions
—Ambient Temperators. charge, superhear should be measured g a5 high as 35° during high load
Rise Across che Condenser at the "”d“ of the evaporator. conditions. This is not the case with
Wi s iu:::l:lﬂs the difference be:::n TXVs. High SEER roed systems
» ng temperature and the with TXVs modulate the flow of
=Evaporating Temperature liquid temperarure measured any- b basst o ohi Tacciioe foad
Splic Return Air and Evaporator i the lizud live. Subooot: NESTANE DISEE on:the inzeige
cre in the fiqy c. g and a constant b
A30° riscacross the condenser should be checked exifing tho con- berween 8010 10°.
' and 2 40° splic berween rerum air denser when considering a refrigerant
and evaporator is considered normal  side problem, Suction Line Temperature
for old air coaled systems manufac- Subcooling measurcs the effecive —=Evaparating Temperature
tured during the early 1980s with ness of the condenser and indicaces il Supetheat
| SEER raings of 7. Bur, today those  total liquid refrigerant is supplicd to Jensi
splits arc lower. Improvements in the metcring device. It is adequare ?:“m,m u; podd s
) and cond coil effi- between 10" to 15%, Unf; dy, ' Subcooli
ciency have resulted in lower head superbeat readings on systems with .
pressures and higher suction pres- fixed metering devices are a moving Before hoisting the cquipment

sures. By reducing the gap herween

high side and low side pressures, man-

uﬁmums have cut compressor power
and improved SEER

target. As the load changes, fixed
metering devices have no means to
controf the refrigerant flow into the

ratings. As a resull, technidians will see
different temperature splits on single
stage, high cfficiency oquipment.
Expect a 20° risc across the condenser

and 307 splic berwoen retum air and
evaporating remperature. The split
’ between supply and rerum air temper-
aturcs ramain ar 18° 1o 207,

The rechnician should be aware

| of superhear exiting the evaporator

16

Refrig; flow through
afised metering device is the result {
the pressure differences berween the
high side and low side. If head pres-
sure rises in relation to che low side, a
fixed metering device floods the cvap-
otator and superheat flls, Or, if the
low side pressure increases in reladon
10 the high side, because of high
retum air remperature, the evaporator
could starve and superheat will

10 recover and recharge, compare a
few viral signs. The system may be
reacting to normal conditions and
operating to full capacicy, or it
could require further attention.
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The third article finally appeared in the July 2003 issue. This article focused on

the process required to correctly design air conditioning ductwork. Of all the basic

subjects I discussed with service technicians, air properties, air measurement and basic

duct design occupied the majority of my time.

Editorial Focus

-
Tech Tips: Basic Steps to Size Duct Runs Plcion Rase Wirkaboot
|
By Darrow Soares, CMS ' | Step 2. Once the ESP is estab- e T 8 we e 1220
Special Correspondent | lished, pressure losses by airside
recurn ducts. ESP is che difference I components must be idencified. All Smp2.
he ainide design foc HVAG | in outward static pressure b""w“f‘ pressure losses are applicd 1o the
systems Is criti . the supply and the retum air duing  Ercion Rare Worksheet. Evaporator
LMMM | blower operation. Tt is the rsult of coils, filters, and registers all add
underized equipment ot low refrig- | che bloer pushing against the resis- resistance to airflow. Figure 3 (s |
crant charge, when the real isueisa  ance of the ductwork, evaporator, Page 30) shows the pressure drop
rewtriceed duct systerp. Countless registers and other componentsin = i1 with the selected three- |
dollars are spent on adjustment and | che air stream. Manufucturers pro- ton evaporator coil. When 1,200 -
repair because of low airflow ac.ros! wd‘e (}lﬁ\? values in order to rarc CFM of air moves through this coil, .- At S P Lo D
the evaporator or unbalanced air their equipment performance a pressure drop of .18 TWC will
distriburion. This article introduces | against common field conditions. oacur. This .18 TWC maust be sub- | ) _—
the basic steps to size duct runsand | Figure 2 {see page 30) shows the tacted from che 5 ESP produced o S Pressey ;1;1 nl.;-‘w.{wc
avoid costly mistakes. performance data for the 40,000 by the blowes. The evaporator — -
Duct sizing begins with the hear | Bruh furnace operating at high sestiiem alifiow snd rediecs the Stepd. Determine the Total Equivalent Length of Loogest Doct Run
load. The heat load determines the  speed. According to the data, the available pressure to move air. All O Y =
@M‘:"’“m—‘ﬁ"—hﬂﬁm furnace moves 1220 cubic feet per airside components in the longest “;_‘, 4 é’ 2';‘0 s
cach room. For the purpose of this minute (CEM) of air when an cun must be applied to the Friction L +
articlc, it is assumed this process bas excernal staric pressure differendal of | poe Wioddhecr ac step 2. I pressure
occurred and the equipment has .5 inches of water column (IWC) drop values do noc exist, default val- ! StepS. Calculase the Prictiom Rate Appiisd o Dect Sizing Siide Rale
becn selecred o meet an accepted | exists berween supply and retumn. ues are available. This example uses P Ty S— . T S . gy, TSN A
load cileulation. The example in : This value is applicd to step 1 of the ! common defaule pressuge drops for TR Y
this article will take six steps to size Friction Rate Worksheet in figure 1.\ damper, register, and the 17 A4 X 100 = 3
the longest duct run associated with If the designer requires the furnace standaid fileee. 1107 —‘%illo——- A
a 36,000 Buuh air conditioneranda  to move 1220 CFM, the resistance Sicp 3. Subtrac the fotal pres- s Ra:'-\#l
40,000 Bruh furnace. Five steps will  caused by ductwork fitdings and sure drop caused by al ainside
be recorded on the Friction Rate other airside devices cannotexceed g 0o step 2 from the ) Figure 1
Worksheer ar figare 1. this value of .5 IWC. As ESP Manub Blower Perfc ¢
Step 1. To size duct runs for increascs, airflow falls. I€ the ESP ESP found in step 1. This difference '
selected equipment, the designer | were increased to .7 IWC, airflow indicates che available static pressure
must obrain the manufacturer’s for the same 40,000 Beuh fumace (ASP) to move air through firtings
blower performance daca. The per- would be reduced 1o 1115 CFM. and discwork: The Friction Rate
formance data identifies che equip- Worksheer indicates that after all
ment’s external static pressure (ESP) www.lhacl.org airside components have been
awvailable to move the required air accounted for, .191 TWC remains to
volume chrough rhe supply and | move the required air volume of
1 1220 CFM chrriroh the duer warl
18— I-— T
#4 "
1220 CFM @.5 19C 1E50En -
10° Each
#3 Bend #1-
Rl
35' threugh Plenum - 230 CFm
Hard efbow 30 ’
5 €ach Tye W2
Totat Equivalent Length of Longest Run = 220 Feet 'S TP

Figure 4
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Step 4. As stated carlier. the size
of each duct run is based on the sin-
gle longest du run. The designer
must determine the Toul Exguivalent
Length (TEL) from the retumn air
grill o the end of the longest supply.
The TEL of the kongest run is found
by adding each straight kength of the

dudt and the equivalene length of all
firtings in the longest run. The
equivalent fitting kength represenes
the resisancer a fitting offers to air-
flow compared to 3 straight duct
run. For example, round ducts raped
into a plenuim offer the same resis-
tance 10 airflow as 35 fect of sraight
duct, The equivalent length of com-
mon fittings i available in appendix
3 of ACCAs Manual DD, Figure 4
illustrarcs the TEL of the longest
duct nin. The longest duct nin is
summarized in wble 1.

Step $. Calculate the ductwark
friction rate. This friciion rare is
applied to the duct sizing slide rule
in urder ro derermine the diamerer
of cach duct run and fitting, The
friction mre refers to the pressure loss
in ducrwork benveen two poins in a
system. It is based on the available
static pressure (ASP) found in scep 3
and the total equivalent length
(T'EV) of the longest run found in
step 4. Duct dlide rules are hased on
100 feet of duct. As a result, the
pressure drop daca found in step 3
must be converted to a friction eate
per 100 feet. The following equation
is used in siep 5 w make the conver-
sion,

Education

Supply Retum
No. Name Egquiv. Lingih. No. Name Equiv, Length
FR . ASPX 100 I Supply Plenum W | ! Ehow w0
Wher TEL 2 T Wye Tnuk@$' 10' I8 Rewm Dt 8
FR a Dy Work Friction Rate s Bendug 10 bt
ASP = Arailable aatéc presure afier ) Hard Elbow s
airside devices .
TEL = Toral equivelent length of the | 177 Supoty duct 4T
longest duct run Supply Total 172 Retum Total e
Apply the figures found in step 3 Total Equlvaient Lengih (TEL) 26’
| and 4 to step 5 of the Friction Rate
-—— Tuble I
|
l Total Eqemalost Length of Lomgest Ran © 220 Feat 11310

Figre 4
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Tech Tips: Basic Steps to Size Duct Runs

Continued from Papge 18

Worksheer. The value of 087 IWC repre-
seats the pressure loss caused by the duci-
wark every 100 feet of run. This value is
rounded up to .09 IWC and used as the tric-
tion loss value for cach duct sized in the sys-
tem.

Step 6. Apply the [riction loss valuc 0
the duet slide rule 10 deternine each duct
diameter. Figure 4 shows an abbreviared sys-
tem with three supply runs and a single
return, From this abbreviated illuseration,
live duce sizes will be caleulated to complere
the longest run tram che supply air plenum
to duct #1. Begin by sizing duct 41 and
work back e
air plenun is reached. Begin by lining the
requinel airflow of 160 CFM with the fric-

ich duct undil the supply

tion rate of .09, as ilhistrated in figure 5.
The stide rule shosws an 87 duct is required
10 miove the requined airat a velocity below
600 teer per minute, Use the same process 1o
size duce 2. Av 115 CFM and .09 1WC of
friction loss, the required duct diameter is

77 Duct 3 must be sized 10 carry the air vol-
ume of duet 1 plus duct 2 for a tonal of 275

Vhe slide rule shows a required duce
diameter of 107, as illustraned in figure 6.
Working back. duct 5 is responsible for the
volume of duets 1.2, and 4 for a total ol 400

Duct Dia, CEM FrMm
Run
1 8" 160) 480
2 i 13 440
3 10" 275 Ao
+ 7 125 420
s b 400 560
Table 2

volume is 127, The duct runs are summarized
on table 2.

Duet systems designed using the longest
run method require balancing dampers in ach
branch duct. Without dampers, the shoreer
runs will recive excess air and starve the
longer runs. When dampers are installed and
adjusted, the equivalent kengeh of cach duct
will be equal and airflow will be stable.
Complete details of the pracedure using the
Friction Rate Worksheet and performance data
can be found in Manual 1, published by the
Air Conditioning Contractors of America, I a

standard method s used to propedy size duet-

scomlort,

wark, costly mistakes resulting
mechanical filure and dissatisficd customens
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Conclusion

The opportunity to work in the Customer Assurance Department at SCACD was a
valuable experience to me as a teacher. I developed my understanding and knowledge of
current equipment and practiced my strength of explaining the basic concepts. I was also
able to see, first hand, the gaps in understanding many technicians face in our industry.
Some technicians I spoke to were alumni of the AIRC program at Mt. SAC. From this
experience, I learned that we must put more effort into teaching air properties, air
measurement and duct design.

Zoning of air conditioning for residential and light commercial applications
intrigued me. From my work at SCACD I became motivated to learn more about this
emerging application. As a result, I planned to design and install these systems under my
contractor’s license. I ended my experience with the pledge to remain current in the air

conditioning industry and to emphasis the basics when teaching the advanced concepts.

" Certificate of Achievement

Awarded to
Darrow P. Soares

for completing all the requirements of the
Application & Service Training for the
Environmentally Sound Refrigerant, Puron™

02/04/03

ACD

Dlwlhul& i

Date

Certification was required to answer technical questions about alternative
refrigerants
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Habitat for Humanity

The Background

Habitat for Humanity is a nonprofit, nondenominational Christian housing
organization with the mission of providing affordable housing to families below the
poverty line. Since 1976, Habitat has built more than 50,000 houses throughout the
United States and over 100,000 houses in communities around the world (Egan, 2004).
Habitat homes are not given away. Families must purchase the homes and maintain
monthly payments. Three factors make the houses affordable to families living below the

poverty line in their community:

o Houses are sold at no profit, with no interest charged on the mortgage

o Volunteers build the houses and provide materials at cost

o Individuals, businesses, religious groups and others provide financial support
Habitat houses are modestly sized, but large enough for the homeowner family's needs. In
order to keep construction and maintenance costs to a minimum, Habitat for Humanity
guidelines state that a 3-bedroom Habitat house may have no more than 1,050 square feet
of living space. Other restrictions apply to appliances, carpeting, and electronic
accessories.

Each local Habitat affiliate coordinates the house building and selects the
homeowner family. Each family is chosen according to their need; their ability to repay
the no-profit, no-interest mortgage; and their willingness to work in partnership with
Habitat. In addition to a down payment and the monthly mortgage payments,
homeowners are required to work 500 hundred hours building their house and the houses

of other Habitat families in their community.
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In the United States, Habitat houses have an average cost of $46,600 (Habitat,
2003). Habitat homes constructed in Southern California are higher than the national
average. Homes constructed by the Riverside affiliate range in cost from $78,000 in
Moreno Valley to $84,000 in Riverside. Mortgage payments run approximately $400 per
month.
Purpose

During my Sabbatical leave, I participated in various levels of planning and
construction of five Habitat homes under the contractor’s license for Darrow P. Soares.
Initially, I volunteered to provide the Title 24 heat load calculations for projects in
Riverside and San Bernardino. This important process is required to properly size air
conditioning and heating systems for homes and businesses. Heat load calculations, by
California law, must be submitted to city planning departments for approval before
construction can begin. This process was of interest to me since the Air Conditioning and
Refrigeration Department at Mount San Antonio College recently integrated heat load
software into the AIRC 30 Heat Load Calculations class. The software purchased by our
department is one of the few programs approved the California Energy Commission and
recognized by many city planning departments. This was a good opportunity to use this
software on a practical basis. In addition, I then navigated it through the bureaucracy of
city planning departments, often defending the results against planners and architects.
Once approval was granted, I volunteered to install the equipment and further practice my
skills as a tradesman and technician.

I performed heat load calculations on five homes for Habitat for Humanity. Of
those five, I was able to install the air conditioning and heating systems on four. All heat

load calculations and my labor on the installations was provided free of charge. The
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equipment and material on the four systems were installed at the cost of equipment with
no mark up or profit. Following is a summary of work provided to Habitat for Humanity

during my sabbatical leave from Mount San Antonio College.

24161 Clover Avenue. Moreno Valley

| The first house I participated in was located

il

| in Moreno Valley and built by the Riverside

Habitat for Humanity affiliate. I was
involved with this house periodically from
S February 2003 to the end of my sabbatical in
2004. The heat load was submitted to the
Moreno Valley Planning Department in March of 2003. I provided this service because
the original architect had not included a heat load calculation plans. Unfortunately, it was
not noticed until they were submitted for approval and then turned down. Since I had
been requesting work from Habitat, I was called and I submitted the load calculations.

| Installation of the air
conditioning equipment began on

| February 24™ 0f 2004. I performed the

{ rough mechanical construction with two

helpers made available through the local

Half the crew at 24161 Clover Avenue high school Co-op work study. In the

fough phase of construction, the furnace is typically set in place and all sheet metal and
duct work is installed and insulated. In addition, the refrigerant lines are run, insulated
and leak checked. Then the plumbing is installed to remove condensate during the

cooling cycle. Finally, the electrical wiring, including control wiring and main power
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wiring is put in place. The rough installation should take a professional contractor with
skilled technicians about two and one half days. Although my helpers had excellent
mechanical skills, their knowledge of air

' conditioning and mechanical codes were
nonexistent. As a result, the rough installation

was slow and often chaotic and required twice as

much time to install as usual.

Preparing for the refrigerant lines | City inspection of the air conditioning

equipment resulted in few changes. The Uniform Mechanical Code UMC 908.0 put the
furnace clearances in question. The code violation v.vas resolve by extending the flooring
out in front of the furnace. In addition, the inspector questioned if the ducts were
attached based on UMC 1601.3.1. This code requires that all duct joints be air tight. The
inspector requested that insulation be removed at specific duct joints in order to see if the

ducts were properly attached with band clamps. The joints passed inspection, but he

g | Y Iy« recommended that I not insulate the duct

“ . joints until after rough inspection is complete.
As of this writing, the home is in the

final stages of construction and finish is

currently under way. The finish process

includes installing the thermostat and all

Horizontal furnace installed in the attic

registers and grills. The air conditioning
condensing unit is installed during this phase which includes brazing the refrigerant lines,
evacuation and setting the electrical disconnect. When all the equipment is in

place, the system is evacuated of air and other non condensables. The system is then
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operated and charged with refrigerant. The furnace is then operated. This involves
burning off the polymers and oils applied to the furnace during the manufacturing
process. This is a critical step since the process usually trips the smoke alarms. During
this process the furnace venting system and all safety devices are checked. Once the
airflow is balanced to each room and the duct work leak checked, the installation is
complete. The contractor will return, however, when the home is occupied to explain

thermostat function and system maintenance to the homeowner.
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Building Analysis ot ey
Entire House By: Darrow Soares

Sabbatical Project

Mount San Antonio College, February 2003,

Project Information

For: Habitat For Humanity
24161 Clover Avenue, Moreno Valley, CA

Design Conditions

Location: Indoor: Heating Cooling
Riverside, March AFB CA, US Indoor temperature (°F) 70 75
Elevation: 1539 ft Design TD (°F 34 23
Latitude: 34°N Relative humidity (%) 30 50

td or: Heating Cooling Moisture difference (gr/ib) 8.3 -8.0
Dry bulb (F), 36 98 Infiltration:
Dalily range (°F) . 29 (H) Method Simplified
Wet bulb (°F) - 68 Construction quality Average
Wind speed (mph) 15.0 7.5 Fireplaces 0

Component Btuh/t? Btuh % of load
Walls 3.1 3081 15.2
Glazing 29.6 3195 15.8
Doors 133 557 2.8
Ceilings 1.1 1071 53
Floors 5.3 5216 25.8
Infiltration 3.3 3480 17.2
Ducts 1129 5.6
Piping 0 0.0
Humidification 0 0.0
Ventilation 2504 12.4
Adjustments 0
Total 20232 100.0
Cooling
Component Btuh/ft? Btuh % of load
Walls 22 2159 13.5
Glazmg 41.9 4526 28.3
Doors 11.7 491 3.1

Ceilings 17 1685 10.5
Floors 0.0 0 0.0
Infiltration 1.1 1099 6.9
Ducts 1756 11.0
Ventilation 1694 10.6
Internal gains 2580 16.1
Blower 0 0.0
Adjustments 0
Total 15989 100.0

Overall U-value = 0.124 Btuh/ft*-°F

Data entries checked.

\) = wihightsoft RightSuie Residential 5.9.37 RSR31228 2004-Sep-13 12:24:51
ACCn C:\My Documents\Wrightsoft HVAC\Habitat Moreno 24161 Clover.mp Calc =MJ8 Orientation = E Page 1

25



Job: Habitat for H ity
AED Assessment Date: Fabrtary 2003

Entire House By: Darrow Soares
Sabbatical Project

Mount San Antonio College, February 2003,

Project Information :

For: Habitat For Humanity
24161 Clover Avenue, Moreno Valley, CA

Design Conditions

Location: Indoor: Heating Cooling
Riverside, March AFB, CA, US Indoor temperature (°F) 70 75
Elevation: 1539 ft Design TD (°F) 34 23
Latitude: 34°N Relative humidity (%) 30 50

Outdoor: Heating Cooling Moisture difference (gr/ib) 8.3 -8.0
Dry bulb (°F) 36 98 Infiltration:

Daily range (°F) - 29 (H) Method Simplified
Wet bulb (°F) - 68 Construction quality Average
Wind speed (mph) 15.0 7.5 Fireplaces 0

Test for Adequate Exposure Diversi

Hourly Glazing Load

7,000

6,000

| A///—_\
5,00

g
a
el 4 -
B ,000~
g
E
o S.QDO-F
2,000+
1,000+
0 ] | I ! | | | | | | | |
1 i I I 1 | | 1 I 1 1 1
8 9 10 11 12 13 14 15 16 17 18 19 20
Hour of Day
& Houtly # Average ~ AED imit

Maximum hourly glazing load exceeds average by 17.0%.
House has adequate exposure diversity (AED), based on AED limit of 30%.

AED excursion: 0 Btuh

C:\WMy Documents\Wrightsoft HVAC\Habitat Mareno 24161 Clover.mp Calc = MJ8 Orientation = E Page 1

\‘) & wirightsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 12:24:51



Component Constructions
Entire House
Sabbatical Project

Mount San Antonio College, February 2003,

Project Information

For: Habitat For Humanity

24161 Clover Avenue, Moreno Valley, CA

Job: Habitat for Humanity
Date: February 2003
Darrow Soares
]

Design Conditions

Location: Indoor: Heating
Riverside, March AFB, CA, US Indoor temperature (°F) 70
Elevation: 1539 ft Design TD (°F) 34
Latitude: 34°N Relative humidity (%) 30

Outdoor: Heating Cooling Moisture difference (gr/b) 8.3
Dry bulb (°F) 36 98 Infiltration:

Daily range (°F) 5 29 (H) Method Simplified
Wet bulb (°F) = 68 Construction quality Average
Wind speed (mph) 15.0 7.5 Fireplaces 0

Coolin
75 g

27

i ioti Or Area U-value InsulR Htg HTM Loss CIigHTM Gain
Construction descriptions . e Beur aguw) s CAIIN o
Walls
12C-0sw: Wood stud frame, siding or stucco, no board insulation, n 139 0.091 13.0 3.09 430 227 316
R-13 cavity insulation e 308 0.091 13.0 3.09 953 2.27 701
s 152 0.091 13.0 3.09 470 227 346
w 291 0.091 13.0 3.09 900 2.27 662
all 890 0.091 13.0 3.09 2754 227 2025

Partitions

12D-0sw: Wood stud frame, siding or stucco, no board insulation, 112 0.086 15.0 2.92 327 1.20 134

R-15 cavity insulation

Windows

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 50% n 20 0.870 0.0 29.6 592 241 481

drapes, medium; 50% outdoor insect screen s 40 0.870 0.0 29.6 1183 30.3 1210
all 60 0.870 0.0 29.6 1775 282 1692

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane n 12 0.870 0.0 29.6 355 33.7 404

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 50% e 20 0.870 0.0 29.6 592 57.6 1152

drapes, medium; 50% outdoor insect screen; 2 ft overhang

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 2t w 8 0.870 0.0 29.6 237 84.1 673

overhang

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 50% w 8 0.870 0.0 29.6 237 75.7 606

outdoor insect screen; 2 ft overhang

Doors

11D0: Wood door, solid core, no storm n 21 0.390 0.0 133 278 11.7 246
w 21 0.390 0.0 133 278 11.7 246
all 42 0.390 0.0 13.3 557 11.7 491

Ceilings

16B-30ad: Ceiling under vented attic, no radiant barrier, dark 984 0.032 30.0 1.09 1071 1.71 1685

shingles, R-30 insulation

Floors

22A-tpm: Tile covered slab on grade, heavy dry or light wet soil, No 130 1.180 0.0 40.1 5216 0.00 0

edge insul, No horiz insul

: = wrightsoft Rightsuie Residential 5.9.37 RSR31228 2004-Sep-13 12:24:51
\_) ﬁk C:Wy Documents\Wrightsoft HVAC\Habitat Moreno 24161 Clover.mp Calc = MJ8 Orientation = E Page 1
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Project Summary dob:  Habitatfor Humanity
te: Februa
Entire House By Diirow Boares

Sabbatical Project

Mount San Antonio College, February 2003,

Project Information

For: Habitat For Humanity
24161 Clover Avenue, Moreno Valley, CA

Notes:

Design Information

Weather:  Riverside, March AFB, CA, US

Winter Design Conditions Summer Design Conditions
Outside db 36 °F Outside db 98 °F
Inside db 70 °F Inside db 75 °F
Design TD 34 °F Design TD 23 °F

Daily range H
Relative humidity 50 %
Moisture difference -8 gr/lb
Heating Summary Sensible Cooling Equipment Load Sizing
Structure 16599 Btuh Structure 14295 Btuh
Ducts 1129 cfm Ducts 1756 Btuh
Central vent (71 cfm) 2504 Btuh Central vent (71 cfm) 1694 Btuh
Humidification 0 Btuh Blower ) 0 Btuh
Piping 0 Btuh AED excursion 0 Btuh
Equipment load 20232 Btuh Use manufacturer's data n
Rate/swing multiplier 1.03
Infiltration Equipment sensible load 16469 Btuh
Method Simplified nt Cooling Equipment Load Sizin
Construction quality Average Latent ol g Equipment S g
Fireplaces 0 Structure 964 Btuh
Ducts -92 Btuh
Heating Coolinﬂ Central vent $71 cfm) -364 Btuh
Area (ft?) 98 98 Equipment latent load 507 Btuh
Volume (ft*) 7872 7872 )
Air changes/hour 0.75 0.35 Equipment total load 16976 Btuh
Equiv. AVF (cfm) 98 46 Req. total capacity at 0.70 SHR 2.0 ton
Heating Equipment Summary Cooling Equipment Summary
Make RHEEM AIR CON Make Rheem
Trade Rheem Trade Rheem RAPA Series
Model RRMA-A042JK04E Cond RAPA-024JA
Coil RGFD-06?MCK?+RCGJ-24A2
Efficiency 80 AFUE Efficiency 13.4 SEER
Heating input 40000 Btuh Sensible cooling 16660 Btuh
Heating output 31000 Btuh Latent cooling 7140 Btuh
Temperature rise 37 °F Total cooling 23800 Btuh
Actual air flow 800 cfm Actual air flow 800 cfm
Air flow factor 0.045 cfm/Btuh Air flow factor 0.056 cfm/Btuh
Static pressure 0.08 in H20 Static pressure 0.08 in H20
Space thermostat Load sensible heat ratio 0.97

Printout certified by ACCA to meet all requirements of Manual J 8th Ed.

= wirightsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 12:24:51
C:\My Documents\Wirightsoft HVAC\Habitat Moreno 24161 Clover.mp Calc = MJ8 Orientation = E Page 1
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S

21170 Clover Avenue. Moreno Valley

This house was also located in Moreno Valley and built by the Riverside affiliate.

| calculation. The issue was not technical but a
matter of my credentials and that of the software. The issue was resolved and
calculations were accepted.

The air conditioning equipment was installed during weekends in March 2004. In
the process of providing( the heat load calculations, working with Planning and the
builder, and installing the equipment, I worked on this house periodically from February
2003 to the end of my sabbatical in
2004. Rough mechanical
construction was performed by
g Mount San Antonio College AIRC
students and me. The AIRC students
were eager to practice their skills and

willing to work uncompensated

The Mt. SAC crew at 21170 Clover Avenue

fhrough The Mount San Antonio College Work Experience Program. As a result, the
installation was far more structured and enjoyable than the 24161 Clover project. Since
the students were involved in classes during the week, the installation was performed
during weekends in March. Inspection of the air conditioning equipment resulted in

minor changes. Again, the Uniform Mechanical Code UMC 908.0 put access to the
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furnace in question. In this case the code violation was resolve by lifting the furnace and
rebuilding the furnace platform. Other issues included UMC 310.2 which requires that
the secondary condensate line be drained to a conspicuous location. The purpose of the
secondary line is to act as a back up if the primary line becomes restricted. It must drain
to a conspicuous location to alert the home owner that a plumbing issue exists and
requires immediate attention. The students plumbed the condensate line through the

: freeze block above a bathroom
window. Since the window was
frosted, the inspector did not consider
it conspicuous and the line was
rerouted above a bathroom window.
According to UMC 605.0, the

inspector turned down the installation

because there was no insulation on the duct boots and connectors. Since the inspector on
the previous job requested that
insulation be removed at specific duct
joints and then recommended that I not
insulate before rough inspection, I left
all connections un-insulated so the
duct bands could be seen. As a result,
all the fittings had to be insulated and

Students installing flex duct for the supply air the job superintendent had to call for

inspection again.
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As of this writing, the house is in the final stages of finish. In September, an open
house is planned and the Mt SAC students that participated in construction will be

invited.
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Job: Sabbatical Project
Building Analysis Date: February 2003
Entire House By: Darrow Soares
Sabbatical Project

Mount San Antonio College, February 2003,

Project Information

For: Habitat For Humanity
21170 Clover Avenue, Moreno Valley, CA

Design Conditions

Location: Indoor: Heating Cooling
Riverside, March AFB, CA, US Indoor temperature (°F) 70 75
Elevation: 1539 ft Desn? J 34 23
Latitude: 34°N Relative humidity (%) 30 50

Qutdoor: Heating Cooling Moisture difference (gr/b) 8.3 -8.0
Dry bulb ("Fg 36 98 Infiltration:

Daily range (°F) - 29 (H) Method Simplified
Wet bulb (°F % - 68 Construction quality Average
Wind speed (mph) 15.0 75 Fireplaces 0
Heating
Component Btuh/ft? Btuh % of load
Walls 3.1 3081 15.2
Glazing 29.6 3195 156.8
Doors 13.3 557 2.8
Ceilings 1.1 1071 5.3
Floors 5.3 5216 25.8
Infiltration 33 3480 17.2
Ducts 1129 5.6
) Piping 0 0.0
‘I Humidification 0 0.0
Ventilation 2504 124
Adjustments 0
Total 20232 100.0
Cooling
Component Btuh/ft? Btuh % of load
Walls 2.2 2159 13.5
Glazmg 41.9 4526 28.3
Doors 11.7 491 3.1
Ceilings 1.7 1685 10.5
Floors 0.0 0 0.0
Infiltration 1.1 1099 6.9
Ducts 1756 11.0
Ventilation 1694 10.6
Internal gains 2580 16.1
Blower 0 0.0
Adjustments 0
Total 15989 100.0

Overall U-value = 0.124 Btuhft?-°F

Data entries checked.

) = wwirightsoft Right-Sute Residential 5.9.37 RSR31226 2004-Sep-13 12:19:59
3 m C:\My Documents\Wrightsoft HVAC\Habitat Moreno 2170 Clover.mp Calc = MJ8 Orientation = S Page 1
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Job: Sabbatical Project
AED, Assessment D‘;te: Februar";'azoortfj
Entire House By: Darrow Soares

Sabbatical Project

Mount San Antonio College, February 2003,

Project Information :

For: Habitat For Humanity
21170 Clover Avenue, Moreno Valley, CA

Design Conditions

Location: Indoor: Heating Cooling
Riverside, March AFB, CA, US Indoor temperature (°F) 70 75
Elevation: 1539 ft Design TD (°F) 34 23
Latitude: 34°N Relative humidity (%) 30 50

Outdoor: Heating Cooling Moisture difference (gr/lb) 8.3 -8.0
Dry bulb (°F) 36 98 Infiltration:

Daily range (°F) . 29 (H) Method Simplified
Wet bulb (°F) - 68 Construction quality Average
Wind speed (mph) 15.0 7.5 Fireplaces 0

Test for Adequate Exposure Diversi

Hourly Glazing Load

Glazing load (Btuh)

o

8 9 1'0 11 12 13 14 15 1|6 1'7 1’8 19 30
Hour of Day
& Hourly # Average 7 AEDImit
Maximum hourly glazing load exceeds average by 17.0%.
House has adequate exposure diversity (AED), based on AED limit of 30%.

AED excursion: 0 Btuh

A wWirng Ihtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 12:19:59
m C:\WMy Documents\Wrightsoft HVAC\Habitat Moreno 2170 Clover.mp Calc =MJ8 Orientation = S Page 1



Sheet 1

E——E \
< 58 ofm \
\_ Bath Fmly Bath
< spletm / X
Kitchen/Hall

Mstr Bd _clst
= 8o4efm——
D 138 ¢fm 5 VA

"~ 138 ¢fm

- | / ——
| F .
\
\".
|
Bdrm 3 _clst Living Room
X
128 cmédn’n 2 clst 16# cfm
<]
<147 ¢im
_——
Job #: Sabbatical PrOJect Sabbatical Project Scale: 1:76
Performed by Darrow Soares for: Page 1
. . Mount San Antonio College Right-Suite Residential
Habitat For Humanity February 2003 5.0.37 RSR31228
21170 Clover Avenue ’ 2004-Sep-13 12:19:49
Moreno Valley, CA C:\My Documents\Wrightsoft HVAC\...

35




Project Summary el
Entire House By: Darrow Soares

Sabbatical Project

Mount San Antonio College, February 2003,

Project Information

For: Habitat For Humanity
21170 Clover Avenue, Moreno Valley, CA

Notes: Perform as a Sabbatical Project for the AIRC Department at Mount San Antonio College

Design Information

Weather:  Riverside, March AFB, CA, US

Winter Design Conditions Summer Design Conditions
Outside db 36 °F Outside db 98 °F
Inside db 70 °F Inside db 75 °F
Design TD 34 °F Design TD 23 °F

Daily _range H
Relative humidity 50 %
Moisture difference -8 gr/lb
Heating Summary Sensible Cooling Equipment Load Sizing
Structure 16599 Btuh Structure 14295 Btuh
Ducts 1129 cfm Ducts 1756 Btuh
Central vent (71 cfm) 2504 Btuh Central vent (71 cfm) 1694 Btuh
Humidification 0 Btun Blower ) 0 Btuh
Piping 0 Btuh AED excursion 0 Btuh
Equipment load 20232 Btuh Use manufacturer’s data n
Rate/swing multiplier 1.03
Infiltration Equipment sensible load 16469 Btuh
Method Simplified Latent Cooling Equipment Load Sizin
Construction quality Average o g Equipme oad S 9
Fireplaces 0 Structure 964 Btuh
Ducts -92 Btuh
Heating Coolinﬂ Central vent &71 cfm) -364 Btuh
Area (ft?) 98 98 Equipment latent load 507 Btuh
Volume (ft*) 7872 7872 )
Air changes/hour 0.75 0.35 Equipment total load 16976 Btuh
Equiv. AVF (cfm) 98 46 Req. total capacity at 0.70 SHR 2.0 ton
Heating Equipment Summary Cooling Equipment Summary
Make RHEEM AIR CON Make Rheem
Trade Rheem Trade Rheem RANB Series
Model RRKA-A036JK04E Cond  RANB-030JA
Coil RGLL-05?BMK?+RCHJ-36A1
Efficiency 80 AFUE Efficiency 14 SEER
Heating input 40000 Btuh Sensible cooling 21140 Btuh
Heating output 31000 Btuh Latent cooling 9060 Btuh
Temperature rise 30 °F Total cooling 30200 Btuh
Actual air flow 1007 cfm Actual air flow 1007 cfm
Air flow factor 0.057 cfm/Btuh Air flow factor 0.070 cfm/Btuh
Static pressure 0.00 in H20 Static pressure ) 0.08 in H20
Space thermostat Load sensible heat ratio 0.97
Printout certified by ACCA to meet all requirements of Manual J 8th Ed.
= wirightsoft Right-Sute Residential 5.9.37 RSR31228 2004-Sep-13 12:19:59
/@Sk C:\My Documents\Wrightsoft HVAC\Habitat Moreno 2170 Clover.mp Calc = MJ8 Orientation = S Page 1

36



J

Component Constructions Do Fbot
Entire House By: Darrow Soares

Sabbatical Project

Mount San Antonio College, February 2003,

Project Information

For: Habitat For Humanity
21170 Clover Avenue, Moreno Valley, CA

Design Conditions

Location: Indoor: Heating Cooling
Riverside, March AFB, CA, US Indoor temperature (°F) 70 75
Elevation: 1539 ft Design TD (°F) 34 23
Latitude: 34°N Relative humidity (%) 30 50

Outdoor: Heating Cooling Moisture difference (gr/lb) 8.3 -8.0
Dry bulb (°F) 36 98 Infiltration:

Daily range (°F) - 29 (H) Method Simplified
Wet bulb (°F) - 68 Construction quality Average
Wind speed (mph) 15.0 7.5 Fireplaces 0

inti Or Area U-value InsulR Htg HTM Loss CigHTM Gain

Construction descri ptlons )  BuhAR-F) (*-°F/Btuh) (Bluh/f?) (Btuh) (g:uh/m) (Btuh)

Walls

12C-0sw: Wood stud frame, siding or stucco, no board insulation, n 139 0.091 13.0 3.09 430 227 316

R-13 cavity insulation e 308 0.091 13.0 3.09 953 2.27 701
s 152 0.091 13.0 3.09 470 227 346
w 29 0.091 13.0 3.09 900 227 662
all 890 0.091 13.0 3.09 2754 227 2025

Partitions

12D-0sw: Wood stud frame, siding or stucco, no board insulation, 112 0.086 15.0 2.92 327 1.20 134

R-15 cavity insulation

Windows

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 50% n 20 0.870 0.0 29.6 592 24 .1 481

drapes, medium; 50% outdoor insect screen s 40 0.870 0.0 29.6 1183 30.3 1210
all 60 0.870 0.0 296 1775 28.2 1692

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane n 12 0.870 0.0 296 355 33.7 404

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 50% e 20 0.870 0.0 29.6 592 57.6 1152

drapes, medium; 50% outdoor insect screen; 2 ft overhang

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 2ft w 8 0.870 0.0 29.6 237 84.1 673

overhang

1D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 50% w 8 0.870 0.0 296 237 75.7 606

outdoor insect screen; 2 ft overhang

Doors

11D0: Wood door, solid core, no storm n 21 0.390 0.0 133 278 117 246
w 21 0.390 0.0 133 278 117 246
all 42 0.390 0.0 133 557 1.7 491

Ceilings

16B-30ad: Ceiling under vented attic, no radiant barrier, dark 984 0.032 30.0 1.09 1071 1.71 1685

shingles, R-30 insulation

Floors

22A-tpm: Tile covered slab on grade, heavy dry or light wet soil, No 130 1.180 0.0 401 5216 0.00 0

edge insul, No horiz insul

= wirnghtsoft Right-suite Residential 5.9.37 RSR31228 2004-Sep-13 12:19:59
/&k C:Wy Documents\Wrightsoft HVAC\Habitat Moreno 2170 Clover.mp Calc = MJ8 Orlentation = S Page 1
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680 Columbia Avenue. Redlands

The Columbia house was a premanufactured home that was installed by the Redlands
Habitat for Humanity affiliate. Under most conditions, a premanufactured home is easier
to complete than a structure constructed
from the ground up. Premanufactured

#¥  homes are constructed in a facility, under
controlled conditions and then transported,
usually in two sections, to the job sight. The

The completed home on Columbia need for numerous on sight contractors and

working crews is minimized and construction time is greatly reduced. The manufacturer
of the home, Skyline, and The California Manufacturing Housing Industry donated half
the cost of the home to the Redlands affiliate. In addition, the property was completely
donated by the city of Redlands. This savings, in turn, was passed on to the homeowner.
“ k. The work required to install the air
conditioning system on this type of home
includes joining the existing ductwork
between the two housing sections,
installing the furnace, running the

refrigerant and condensate lings, setting

the condenser and running main power

The electrical disconnect is installed

from the electrical service panel.
I submitted the heat load calculation for the Columbia house to Habitat for

Humanity in February of 2004. The manufacturer of the home, Skyline called for a

38



48,000 BTU air conditioner to be installed. Since the home only measures 1,200 square
feet, there was a question if a system of that size would be too large. My heat load
calculation put the sensible heat load at 31,000 BTUs, which would have been satisfied
with an air conditioning system delivering 36,000 BTUs. Since Skyline stood by there
heat load estimate, and Habitat was receiving the air conditioning system at cost, the
48,000 BTU system was installed.

On April 12® I began the air conditioning installation with my son, Taylor.
Although premanufactured homes are designed to reduce on site installation, we faced
many challenges that could have been avoided with better planning and communication.

The biggest challenge for the air conditioning installation was access to the areas we had

~in its finish phase before the air conditioning
installation was ever considered. Provisions
to run refrigerant lines, plumbing and
electrical below the floor should have been

made before the brick cinder block footings

The refrigerant lines are brazed were set and sealed. As a result of this poor

timing, we found ourselves attaching ductWork, running refrigerant lines and electrical
wiring under an enclosed floor. In many cases, the crawl space clearances were reduced
to less than 12 inches. To resolve this, we spent many hours digging out our routes
below the floor.

When the installation was finally complete, the air conditioning installation did
not suffer any mechanical code violations. The home owner took ownership of house on

July 20®, 2004.
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Building Analysis B e, oy -
Entire House By: Darrow P. Soares

Sabbatical Project

Mount San Antonio College, February 2004,

Project Information

For: Habitat for Humanity
680 Columbia Avenue, Redlands, CA

Design Conditions

Location: Indoor: Heating Cooling
Redlands, CA, US Indoor temperature (°F) 70 75
Elevation. 1318 ft Design TD (°f? 37 24
Latitude: 34°N Relative humidity (%) 30 50

Qutdoor: Heating Cooling Moisture difference (gr/ib) 1.1 -4.3
Dry bulb (°F) 33 99 Infiltration: .

Daily range (°F) - 33 (H) Method Simplified
Wet bulb (°F) - 69 Construction quality Average
Wind speed (mph) 15.0 7.5 Fireplaces 0

Component Btuh/t? Btuh % of load
Walls 26 2433 13.0
Glazing 24.0 2790 14.9
Doors 20.7 725 3.9
Ceilings 1.2 1257 6.7
Floors 4.1 4355 23.3
Infiltration 37 4120 22.1
Ducts 1180 6.3
) Piping 0 0.0
Humidification 0 0.0
Ventilation 1820 9.7
Adjustments 0
Total 18680 100.0
Cooling
Component Btuh/t? Btuh % of load
Walls 1.0 953 4.3
Glazing 62.2 7217 329
Doors 16.2 568 26
Ceilings 17 1784 8.1
Floors 27 2825 12.9
Infiltration 1.1 1247 5.7
Ducts 2621 11.9
Ventilation 1180 5.4
Internal gains 3550 16.2
Blower 0 0.0
Adjustments 0
Total 21947 100.0

Overall U-value = 0.157 Btuh/ft>-°F
WARNING: suspicious slab-on-grade floor perimeter in Bedroom 2.

) = winghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 12:10:56
+ AEEA C:\My DocumentsiWrightsoft HVAC\840 Columbia Redlands.mp Caic = MJ8 Orientation = NE Page 1
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AEP Assessment Date: March 20, 2003
Entire House By: Darrow P. Soares
Sabbatical Project

Mount San Antonio College, February 2004,

Project Information

For: Habitat for Humanity
680 Columbia Avenue, Redlands, CA

Design Conditions

Location: Indoor: Heating Cooling
Redlands, CA, US Indoor temperature (°F) 70 75
Elevation: 1318 ft Design TD (°F) 37 24
Latitude: 34°N Relative humidity (%) 30 50

Outdoor: Heating Cooling Moisture difference (gr/ib) 1.1 -4.3
Dry bulb (°F) 32 99 Infiltration:

Daily range (°F) - 33 (H) Method Simplified
Wet bulb (°F) - 69 Construction quality Average
Wind speed (mph) 15.0 7.5 Fireplaces 0

Test for Adequate Exposure Diversi

Hourly Glazing Load

8,000

8,000~

7,000

6,000

5,000+

Glazing load (Btuh)

4,000+

3,000+

2,000

1,000+

Hour of Day
¢ Hourly & Average 7 AED Imit

Maximum hourly glazing load exceeds average by 24.7%.
House has adequate exposure diversity (AED), based on AED limit of 30%.

AED excursion: 0 Btuh
~ wrightsoft Right-suie Residential 5.9.37 RSR31228 2004-Sep-13 12:10:55

m C:\My Documents\Wrightsoft HVAC\840 Columbia Redlands.mp Calc = MJ8 Orientation = NE Page 1
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Job: Columbia Habitat for Hu...
Date: March 20, 2003
By: Darrow P. Soares

Duct System Summary
Entire House
Sabbatical Project

Mount San Antonio College, February 2004,

Project Information

For: Habitat for Humanity

680 Columbia Avenue, Redlands, CA

Heating Cooling
External static pressure 0.50 in H20 0.50 in H20
Pressure losses 0.00 in H20 0.00 in H20
Available static pressure 0.50 in H20 0.50 in H20
Supply / return available pressure 0.38/0.12 in H20 0.38/0.12 in H20
Lowest friction rate 0.182 in/100ft 0.182 in/100ft
Actual air flow 1093 cfm 1093 cfm

Total effective length (TEL) 274 ft

Supply Branch Detail Table

—

Design Htg Clg Design | Diam Rect Duct| Actual Ftg.Eqv
Name (Btuh) (cfm) (cfm) FR (in) Size (in)| Matl | Ln(ft) Ln (ft)y [Trunk
Bath c 726 35 38 0.358 4 0x0 VIFx 12.0 95.0
Hall c 3454 63 182 0.365 7 0x0 VIFx 10.0 95.0 st
Kitchen/Dining h 2559 166 160 0.252 7 0x0 VIFx 22.0 130.0 st2
Living h 2671 173 156 0.197 7 0x0 VIFx 30.0 165.0 st2
Master Bath h 768 50 47 0.273 4 0x 0 VIFx 10.5 130.0 st1
Master Bed Room h 2665 173 145 0.208 7 0x0 VIFx 19.0 165.0 st1
Kitchen/Dining-A h 2559 166 160 0.182 7 0x0 VIFxX 35.0 175.0 st1
Bedroom 1 h 1622 105 92 0.208 6 0x0 VIFx 19.0 165.0 st2
Bedroom 2 h 2515 163 113 0.208 7 0x0 VIFx 19.0 165.0 st2
Supply Trunk Detail Table
Trunk Htg Clg Design Veloc Diam Rect Duct Duct
Name Type (cfm) (cfm) FR (fom) (in) Size (in) Material Trunk
st1 Peak AVF 451 534 0.182 809 11 0x 0 ViniFIx
st2 Peak AVF 607 521 0.197 773 12 0x O ViniFIx
. Return Branch Detail Table

Grill Htg Clg TEL Design | Veloc |Diam | RectSize Stud/Joist Duct
Name | Size (in) (cfm) (cfm) (ft) FR (fpm) (in) (in) Opening (in) | Matl | Trunk
b1 0x0 1093 1093 64.0 0.182 693 17 Ox O VIFX

2004-Sep-13 12:10:55

= wrightsoft Rightsuite Residential 5.9.37 RSR31228
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Component Constructions ot T T
Entire House By: Darrow P. Soares

Sabbatical Project

Mount San Antonio College, February 2004,

Project Information

For: Habitat for Humanity
680 Columbia Avenue, Redlands, CA

Design Conditions

Location: Indoor: Heating Cooling
Rediands, CA, US Indoor temperature (°F) 70 75
Elevation. 1318 ft Design TD (°F 37 24
Latitude: 34°N Relative humidity (%) 30 50

Outdoor: Heating Cooling Moisture difference (gr/b) 11.1 -4.3
Dry bulb (°F) 33 99 Infiltration:

Daily range (F) = 33 (H) Method Simplified
Wet bulb (°F) - 69 Construction quality Average
Wind speed (mph) 15.0 7.5 Fireplaces 0

i i Or Area U-value InsulR Htg HTM Loss CigHTM Gain
Construction descriptions N guw) ol bl o
Walls
13B-4ocws: Above grade open core concrete block, siding/stucco, ne 238 0.069 15.0 2.55 608 1.00 238
R-4 board insulation, wood frame R-11 se 219 0.069 15.0 255 559 1.00 219
swW 252 0.069 15.0 2.55 643 1.00 252
nw 244 0.069 15.0 2.55 623 1.00 244
all 953 0.069 15.0 2.55 2433 1.00 953

Partitions

(none)

Windows

1D-c2oh: Operable, metal frame with break, clear glass, 2 pane ne 36 0.650 0.0 24.0 866 58.7 2114
se 24 0.650 0.0 24.0 577 65.5 1572
SW 36 0.650 0.0 24,0 866 65.5 2358
nw 20 0.650 0.0 24.0 481 58.7 1174
all 116 0.650 0.0 241 2790 62.2 7217

Doors

11L0: Metal door, paper honeycomb core, no storm ne 14 0.560 0.0 20.7 290 16.2 227
se 21 0.560 0.0 20.7 435 16.2 341
all 35 0.560 0.0 20.7 725 16.2 568

Ceilings

16B-30ad: Ceiling under vented attic, no radiant barrier, dark 1062 0.032 30.0 1.18 1257 1.68 1784

shingles, R-30 insulation

Floors

19A-0cvcp: Carpeted floor over vented enclosed crawl, No wall insul, 1062 0.295 0.0 4.10 4355 2.66 2825

No insul

= wwrightsofit RightSuie Residential 59.37 RSR31228 2004-Sep-13 12:10:56
"ACCA WMy Documents\Wrightsoft HVAC\840 Columbia Redlands.mp Calc = MJB Orientation = NE Page 1
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https://Redlands.np

Mount San Antonio College, February 2004,

Project Information

For:

Project Summary
Entire House
Sabbatical Project

Habitat for Humanity

680 Columbia Avenue, Redlands, CA

Notes:

Job: Columbia Habitat for Hu...
Date: March 20, 2003
By: Darrow P. Soares

Sabbatical Project for Mount San Antonio College AIRC Department

Design Information

45

Weather:  Redlands, CA, US
Winter Design Conditions Summer Design Conditions
Qutside db 33 °F QOutside db 99 °F
Inside db 70 °F Inside db 75 °F
Design TD 37 °F Design TD 24 °F
Daily range » H
Relative humidity 50 %
Moisture difference -4 gr/lb
Heating Summary Sensible Cooling Equipment Load Sizing
Structure 15680 Btuh Structure 20767 Btuh
Ducts 1180 cfm Ducts 2621 Btuh
Central vent (47 cfm) 1820 Btuh Central vent (47 cfm) 1180 Btuh
Humidification 0 Btuh Blower 0 Btuh
Piping 0 Btuh AED excursion 0 Btuh
Equipment load 18680 Btuh Use manufacturer's data n
Rate/swing mulitiplier 1.04
Infiltration Equipment sensible load 22825 Btuh
Method Simplified nt Cooling Equipment L izin
Construction quality Average Late ofing Equipment Load Skzing
Fireplaces 0 Structure 861 Btuh
Ducts -98 Btuh
Heating Cooling Central vent (47 cfm) -132 Btuh
Area (ft?) 106 106, Equipment latent load 630 Btuh
Volume (ft*) 8496 8496 )
Air qhang/eslhour 0.75 0.35 Equipment total load 23455 Btuh
Equiv. AVF (cfm) 106 50 Req. total capacity at 0.70 SHR 2.7 ton
Heating Equipment Summary Cooling Equipment Summary
Make RHEEM AIR CON Make Rheem
Trade Rheem Trade Rheem RANB Series
Model RRMA-A042JKO04E Cond RANB-036JA
Coil RCGA-36A2
Efficiency 80 AFUE Efficiency 11 SEER
Heating input 40000 Btuh Sensible cooling 22960 Btuh
Heating output 31000 Btuh Latent cooling 9840 Btuh
Temperature rise 27 °F Total cooling 32800 Btuh
Actual air flow 1093 cfm Actual air flow 1093 cfm
Air flow factor 0.065 cfm/Btuh Air flow factor 0.053 cfm/Btuh
Static pressure 0.50 in H20 Static pressure ) 0.50 in H20
Space thermostat Load sensible heat ratio 0.97
Printout certified by ACCA to meet all requirements of Manual J 8th Ed.
S A wirnightsoft Right-Suie Residential 5.9.37 RSR31228 2004-Sep-13 12:10:56
m C:\My Documents\Wrightsoft HVAC\840 Columbia Redlands.mp Calc = MJ8 Orientation = NE Page 1



786 Draciea. Redlands

The Draciea home was a premanufactured home installed by the Habitat for Humanity
affiliate in Redlands. I submitted the heat load calculation for the Draciea house to
Habitat for Humanity in March of 2004. Skyline, the home manufacturer, called for a
48,000 BTU air conditioner to be
installed. An aggressive heat load

# calculation using software developed
by the Air Conditioning Contractors
of America (ACCA)\ put the sensible

. heat load at 34,000 BTUs. Skyline,

The Draciea house is installed on footings

| however, insisted on their estimate,

and since the duct work design was based on a four ton air conditioner, the 48,000 BTU
system was installed.

The pracess to install the air conditioning equipment was similar to the Columbia
house. The air conditioning installation began in May of 2004. As of this writing, the
duct work is joined and the furnace is set and installed. In addition, the refrigerant lines
are installed and brazed to the evaporator. The condensate is in place and main power is
available where the condenser will be set.

As of this writing, the home is incomplete. This house ran behind schedule and
had many disappointing set backs. Habitat suffered the loss of a fine construction
supervisor and during the ensuing job search for a new one, construction was at a stand
still. When construction continues, the air conditioning condensing unit should be set in

September and fini