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Statement ofPurpose 

The purpose of this report is to provide a chronicle ofmy one year work 

sabbatical that occurred during the spring semester of2003 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. 
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Section One 

Sabbatical Proposal 
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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 ofat 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 ofnew 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, ofworker'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 ofBiology 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. 
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. 2003prooosed T'1me L'me/Ifmerarv tior SiE rm2" 
Month Company Outcome 
January Encompass Mechanical Honeywell Controls for Building Automation 

Ontario, CA. and Energy Management 
February City ofRiverside 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 

Riverside, CA Commercial Refrigeration 

prooosed T' L" fl. fi S . 20041me me tmerarv or iE nn2 

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 Vem,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. Ifl 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 
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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. I hope to relate these 
experiences through the documentation ofdigital images, equipment performance data 
and literature to classes I teach. These include: 

AIRC 10 Math for Air Conditioning and Refrigeration 
AIRC20 Refrigeration Fundamentals 
AIRC25 Electrical Fundamentals 
AIRC 26a 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. 
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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 ofRiverside 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 oftime 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 ofnew 
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 
Design. By Honeywell Controls, 
Riverside, CA. Feb. 18, 2003 

Networked zoning system design including damper selection, EMM 
controller selection, ducting and system set up 

Air Handlers for Energy 
Management Systems. 

Variable and constant air volume systems, adjustable speed drives and 
enern:v conservation methods. 
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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 E ngineers 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/Itinerarv for Contractme: Sonne: 2003 
Month Company Activity 

Job shadowing in the Technical Support Department. 
Conditioning Distributors, 
Southern California Air January 

Focusing on Carrier and Venstar Controls for 
CA. Residential & Light Commercial Zoning Building, 

Automation and Ener2Y Mana2ement 

Contracting Services to Southwest Heating 
and Air Conditioning, Chino, California. 
Installing high efficiency Lennox air 
conditioning systems. 

Subcontracting as Basco Refrigeration, Riverside, California. 
February Central Air Contracting services and participating in the 
through Contracting and installation of Honeywell variable air volume 
May Mechanical. zoned air conditioning systems. 

Darrow Soares sole 
proprietor. Perform heat loads to design and install 

residential and light commercial Honeywell 
variable air volume zoned air conditioning 
systems. 

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

Other opportunities as available 
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. 
Month 

me tmerarv ort on 
Company 

t ;or102. 
Activity 

January 
through 
May 

Contracting or 
Subcontracting as 
Central Air 
Contracting and 
Mechanical. 
Darrow Soares sole 
proprietor. 

VaCom Technologies, La Vern, CA. 
Participating in the installation of Eschelon 
direct digital controls and energy 
management systems. 

Market Refrigeration 
Corona, CA Participating in the installation of 
CPC Controls for Supermaket Refrigeration 

Source Mechanical 
Fullerton, CA Participating in the installation 
of CPC Controls for Supermaket Refrigeration. 

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

Other opportunities as available 

Rev1sed r1me L" /I" C ractm2: S 2004 

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 of2003, Southern California Air Conditioning Distributors (SCACD) 

was the largest distributor ofair 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 ofCarrier 

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 HV AC 

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 ofmeasuring 

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

The A pplication 

The breadth ofequipment 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 ofalmost 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 
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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 ofdigital 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 ofHeating and Air Conditioning Industries (IHACI) of 

which Strong serves on the board. IHACI 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 

March 2003 THE VOICE OF THE INDUSTRY www.ihaci.org _ ____NE lN $ ___ _ _ 
THE WEST'S LEADING MONTHLY NEWSMAGAZINE FOR THE AIR CONDITIONING, HEATING, REFRIGERATION, SHEET METAL AND VENTILATING INDUSTRIES 

r•....... building. 
"IMng, breathing" heat pumps. 

Page 8 ,__.....___ _.__._ Page 12i ~ ----' 

The Energy 
Resource Center: 
Southam Callfomla 
Qas Company's ERC In 
Downey, Calif., a 

Editorial 
Focus: 
This month, ICN 
take11 an 
In-depth look at 

Hot New 
Products: 
Find out about Iha 
lataat In technology 
lnlCN'an.w 
product9 eectlon. 

Page 23 
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Heat Pumps Special Section 

By Darrow Soares 
Special Correspondent 

Edi1ttr's Nau: Darrow Soam i, 11n 

HVAOR professor ,u Mount San 

Antonio College irz Walnut, Calif. He 
is a m,mbn- ofRSES and ACCA, 
mu! m~ntly urvn on th~ NATE 
T«hnica./ Committee. 

T he reversing v:tlve is the hearr 
of rhc h(at pump. Ir is the 

device th:n controls the dircccion of 

the refrigerant flow exiting the 

compressor. By directing hot gas to 

dthC'r the indoor or outdoor coi l, 
heat is added to the conditioned 
space, or rejected to the outdoors 

for cooling. 
Reversing valves arc prone ro 

Diagnosing and Replacing the Reversing Valve of a Heat Pump 
enough dea.rancc co rotate a scan­
Jard cubing cunc:r 360°. This dis­
r,mcc will .tltow enough room to 

manipulate the torch during tc:­

insraUation and reduce the risk of 

overhearing rhe Tef1on seals. 
Once rhc ddd.1i,,: valve has bt:cn 

removed, m:irk the refrigerant lines 
emering the old valve wlth a scracch 
awl as a reftrence ro line them up 
with the m.-w valve. Apply the refrig­
~r.ant lint!.'i to the new reversing valve 

by lining up the scratches applied 
earlier and brazing into place. 

When br.u.ing, firsc apply he.ac co 
the refrigerant line: entering the 
valve until the btilling rod flows. 
Once this occurs, move the flame ro 
the vah1e and allow capillary a~ion 
co dnw the rod materia.l completely 
imo the fitting. Quickly apply one 
more l:iycr of rod material to the 
om.side nf the fodng ro emurc cov­
erage. 

Always prote(;t the new valve by 
rapping it wirh wel r.ig;. or wing 
thermo paste. When the copper 
lines; arc romplercly brazed and the 
firring:,; arc cooJ, blow the valve and 
lines out wich dry nirrogcn ro 
remove aU copper oxide. Rc-auad1 
the entire monifold inr.o the heat 
pump wirh slip couplings. 

Before brazing che couplings, 
bfoed dry nitrogen through the sys­
tem ro displace air inside the system. 
This will pn:vc:OL copper oxide from 
futming inside the rcfrigc:ram lines 
at the new fiu.ings. 

,1 ,~frn•1\t~n1t"l1·m Yl,t-,n! r,m ,;,....,_..,,.11 

\c;1k cl1 c1.·k 1hc -'_\'Slelll , :rnd n:1cuatl.' 

min~ apprmi:d 111i:1ht)ds. \V1.·igli in 

rhc 11.:frigcram h:iscd on 1111: name 
phllc rcfrigcr.111c c:harl;c and opcr.m: 
1hl.' sysh:m in ho1h mo<lc:- tu ht: sun.· 

the valw opcr:irl.'s p1u11crly. 
The bit!,,_t.:.t:H risk in rcplacin~ 

rcwrsing v:1lvcs is mwhc:11ing anJ 
inm,Jm:ini; co111;tmi11.uion <luring 
d11.• ins1all:i ci,1n prm:e~s. If properly 
diagnu~cJ and installnl. 1\ic rc\'l.'rs­

in~ \'al\'e will operate trouble free 
for the lifo of ch~ l"<\t1iprncnt. 

Advertise 
In 

INDOOR· 
COMFORT 

NEWS 
Call 

mechanical failure when p:micul:uc 
matter or other contamination is 

allowed to cmcr chc system, Ifa 
reversing val,•c is found co be defec­
tive, proper removal and re-insralla­
rfon will cnrurt ~inst further con­

r.1min.acion ;ind n:p~r failure. 
Dcfccrive rc.-vcrsing valvl.!.'i c:w be 

rricky to diagnose, but a few simple 

procedures will remove the mysrery. 
Firn, determine if the rocrsing 
valve .c;olenoid is cm:rgfa1.:<l. When 
the racrsing va lve is being c.allcd 

for, apply a flat shank scrtW driver 
to the end of the solenoid. There 
should be magnetic pull. If no 
magnetism is prcscm, check for 

Q 
u 
D ' Q 
D• 

Fipre I. H~•t pamp in ti¥ coaling r,u>tk JJowi,rg points to troublnhoot 
Ule ,n,rm·11g v/UW. 

corrca: voltage to the coil. \Vhen 
volrage is present without magnecic 
pull, an open coil :;;houJd be con­

firmed by de~nc: rgi:tlng the system 
and checking the coil with 3n ohm­
meter. Check for concinuiry or a 
short to ground. 

Reversing vah•es can sel:LC 
mechanically. If the valve seizes 
midway, the symptoms can be con­
fu5cd. wirh WC'3k comprcs.,or valvi:..s: 

higher ch:in nom1al back pressure 

and loweuhan normal head pres­
sure. To dererminc which cumpo­
ncnr has failed, .i.pply two remote 
sensors of an clecrronic thermome­
rcr to the reversing valve, Attach 

one to rhe common suction line 
exiting the valve (Figure l, poim A) 

and the other 10 lhe suction line 

entering the r~rsing valve (l'oinc 
B). Under normal opcr.nion, 1he 
cempcrarurc difference between 
these two line; should not exceed 

4Q. A greater difference may be the 
result of chc reversing valve noc 
shifiing complercly and allowing 
hoc sas to bleed over to the com­
mon sucrion line, raising the com­

mon suctfon line temperature. 
A second procedure will confirm 

the diagnosis. Remove the ccmpera­
rurc probe from the sucrion line 
cnrcring che reversing valve (point 

B) ond apply ir ro the dome of rhe 
compressor (point C) where the­
suction line enters rhe compressor. 
"Hot wire" chc reversing valve sole­
noid coil so it stays energized 
through the rest. Ncxr, disable the 
condenser fa.n momr and run rhc 
system umil the high side prc.°''iurc 
rises Lo a head pressure th:1.t converts 
to 150D on the tcmpcruure-prcssurc 
chm. for R-22, rhis equals 380 
psig and for R-410 it equals 613 
psig. Turn cl1e ,y,tem off by bn.-.k­
ing conrrol voltage and w:uch both 
temperatures. If the temperature on 
the reversing valve common suction 
line rises fa.seer chan the oomprcssor 
dome, the rcvcC$ing valve is the 
problem and should be replaced. If 
the comprc.ssor dome: cempc"racure 
rises fa.seer, weak compressor vaJves 
arc causing the pressures to L'qua.liie 

and the compressor shouJd be 
replaced. 

Proper removal and rhc rc-in.sral­
fation of the new tcvcHing valve 
will prevent n:pc:at failures. Begin 
the process by recovering the refrig­
erant using approved EPA sra n­
dards. Do noc rtmo\'e the rcvc~ing 
valve wirh a hack saw. This will 
inuoduce copper chips into the sys· 
rem ,hac will cause repeat failure. 
Always cut chc failed valve out wich 
3 tubing c:uucr. Travel down ll1e 
rcfrigeranr lines umil there is 

Enter the profit zone with Honeywell 
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 comfortable 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 

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 818-551•1555 

www.ihacl.ar!
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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_~ide Vital Signs 
By Darrow Soares, CMS 
Special Correspondent 

M:wwurungdic~t 
le,,:! on aiocilly ch>q;cd air 

ccnditioning.system,; is c:s;s:c:ncial ro 
mechanical opc:ration :ind dfidcnc.y. 
Manufxtu= ,gm: m>r the bes, 
method dealing wim a 'j\l<Stiomble 
charge is ID ICOOVt:r the ttfrigera,,1. 

CY:lCU3tt: and then weigh ir bock in. 
The manufaaurer"s dlaiyng dara is 
also an ac:oJ.rar( rdcrcna: whai ic is 
awilabk "'1d charging slide rules an: 

popular. Knuwing the viral signs of 
opcntion. however, wm :illow the 
scrv~ technician to quickly deter­
mine if ~tproblc,m exist and 
di.en cakt extra measures if rcquirod. 

The first vital sign to cJ,cdc. is rhc 
.split bccwccn supply and rcrum air. 
Allow '2IJ minutes of nm time for 
conditions to baJan~ and condensa­
tion to rulkcr on the cvaporamr. 
l'lac.c :1 lhttmomc.'U'I'" in the supply 
and mum a.ir duct d<N: ro the cvap­
or;i.[or coil to accounc for duct leak­
age The tempcraru~ diff'crma:: 
aaoss the evaporator a:1il should Ge 
bctwccn 18" and 20°. This scruible 
tcmpcmun: split 'NlU be closer lo 18" 
when me rdativc huntidity is high 
and dosct co 20° when iris 1ow. This 
is bcciwc the lalcnt process of 
mnoving moisnm= Crom a amdi­
rioncd space requires mon: energy 
than JoWW~ ,h~ sensible u:mper.a­
turc. As a rault. an air conditiona 

c.n be= running at full ~ty with 
an 18° splitif the la1atti.,,.J is high. 
The tcdlnician cut cosily d,cck for 
hij;h lattnt hat r,mov.u by ob,aving 
the volume of wacer being mnovcd 
through the condensate line. But, if a 
,plitufl8'ki-.lcJ,ndthotti> 
no t:\-.k210: of brou hen ~L 
ch~ technician should conrirme to 

check other vital signs. 
If,he spli1 between supply and 

ft'l:Um l5 below lfr', a S)'Sl"CJTI prob-
1.m .,.,.._ The t«hnJcian,l.,.Jd 

obser.'\:' ,he riu= aaoss the condauc:t 
...-.d the 'l)Ut l~ffll 1hc mum air 
and cvipor:icor u:mPf~rurc. These 
""'found by applying the S'"l)C'.,,d 
amvating high and low skle f""" 
surt5 to rcmpcnturc. ~ on the 
=danlrempenr~clun. 
an R~22 air condirianer with .r. high 
~d. pr<sSure of296 psig is condens­
ing ics ~c&om a horg:as imo 

a liquid a1 130°. lf the air mccring 
the condcn.sa i-. 100°, the rise acros.s 
the condensa is 30". If the low side 
pn=\\t.11'1: k: 61 ~ i:hc air cond11.i'1n· 
c ~ C\~Jporaring, or boiling it1 rtf"6• 
crane from a liquid to a v.apor at 35°. 
The cv.q,oramr temper.nm: is then 
subt:raetcd from the 75° mum air 
tcmpm.rurc tce0n:fcd carlil!T. The 

-.111ad.arg 

split bct'A'C:Cll rc:cum air and cwpora· 
ror is 40°, Wirh thls proa:n, die 

1' m:lmician i.n esublid, ""l"""ring 
:ind ~mnpcra~ ~ a 

1 ronge of opcncing oonditioQS. 

Coudoosing Tcmpcruwc 
=6mhiw.Lli:milm.rutt._ 
Rue Acron me Coml..-

Rmam Air Tcmpetature 
~r;uiq TunpcRtwr 
Splir Rctum Air and Evapom:or 

A 30° rise acrou the c:ondcn.scr 
and a 40" splic ~tween (C(Um. air 
and ev:a.porar.or is coruidercd nomt.al 
fur old .air wolcd sy,tcm, manu£ac­
au.d during the early I 960, with 
SEER ra<ings of7. Bu,, 1oday those 
spliB arc lower. Improvement"> in 
cvapor:a.tor and a,nderucr coil effi­
ciency h.avc nsultul in lower hcod 
p~and higher suaion prcs-­
sun:s. By reducing die gap hcrwccn 
high sid, and low ,idc p,esum,s. man­
uf.aawm havc aJt mmpmsor pawa­
requiR:mems aod impm,,,d SEER 
ratings. As a lt:SU.lc, technicians will .see 
dilfmm lffllp=tw,, split, on ~ngle 

,,age, high cfficicncy cxiuipmen< 
F.xpcct a 20° rise aaosg the concbscr 
and JO" spli,bet= mum air and 
~o:mpcmun,.1-1'cspfu

I""'-= supply and mum.;, <<mptr-
MUl'Cl n:rm.in :n I fr fO 20", 

The ""'"1iciat, should be aw.ire 
} of,up,,mc,1 exiting the evaporaror 

and subcooling cxiring the oondenser. 
Superheat is the diffcrcnce bccwccn 
d,c cvapomting tcmpcrato.u• aod the 
vapor cunpcra~ measumf any. 
wh~ in the suction line. 

When checking d,e ndng=nt 
d,arge, supcmc,r should be me,sumd 
at me oodct of the cvapo'3!0C 
SubcooJ;ng i, the dillacna, between 
the amdmsing tcmpcraru.rc and che 
liquid rcmper.anm: measured any­
where in the liquid line. Suhoooling 
should be d,«J.,d airing the mn­
denser when considering a lffligcruu 
~de problct,. ' 

SubcnoUng mearu"" the .ir.a;,,, 
ncss of the condenser and indicm:s iJ 
ro,,I liquid ttftii;=nt is ,upplia! 10 

d.: """'"'S ckvia,. ii b:wlcq..,., 
"""'""" 10' ,o 1s•. l,"nfimun.11dy. ' 
supohmt n:M.l:ln~ on iystcnts "'ith 
fixed mctaing dcviCC'i arc a moving 
~ As me lood d,angc,, 6=i 
mi=tering darices have no means to 
control die ~tflow inco dtc 
cvapo1>tor. Rdiigermt Aow througli 
a foo:d metering device i.s the rewlt ~ 
the ,....we dilfuences bctv.,:m the 
high side and law ~de_ Ifhead pra­
sun: rut$ in rcktion m che low side, a 
6xtd metering device floods die cvap­

°"'°' and superheat fa!~. Or, if the 
low .side prcs5Uft': increases in rda<ion 
to the high side, because: ofhigh 
mum :iir n:mpcr.uurr, chc cv.iporaror 
could Sl3fVC and supaheu wiU 

increase. Mainr.aining superheu is 
critical boc::awe it proteas the oom­
P""'°' ,gainst liquid dusging and ir 
provides a>mpr=< cooling £xpect 
supcrhcac a:rnpcratmcs 23 Jow as 6° 
during low interior load conditions 
and ., high as 35" during high load 
amditiortt. This i.f noc chc case with 
lJCV,_ High SF.ER r:m,d 'l'"'ms 
with ncv, n,odula"' the 8ow of 
refrigerant based on die interior load 
and mainl2in :i mnsanr rupcrhcac 
bctwcm 8° to 10"'. 

Suction Line Tcmpet2.tu~ 

:=f.yaporatinc Tgnpc;qruc.r 
Superheat 

Cmdm.ung Tnnpmuun: 

~ 
Su.bcooliog 

Before hoisting the equipment 
<o recover and recharge, compare a 
few vital sign$. The system may be 
reacting to nomlal CQnditions and 
operating to full cap:icicy, or it 
could require funher attention. 

16 

https://Tcmpet2.tu
https://tcmpcraru.rc
https://lt:SU.lc
https://ev:a.porar.or
https://temper.nm
https://condcn.sa
https://t�hnJcian,l.,.Jd


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 ofmy time. 

Editorial Focus 

Tech Tips: Basic Steps to Size Duct Runs 
1 ' 

T

By Darrow Soares, CMS l Step 2. One, !he ESP is ""'b-
Specisl Correspondent lishl.'d, p=un: lo,,,. by mrsidc 

return duas. ESP l,,. the diffi:rcncc I componcncs must be identified.. All 
l!e•inil/!-.Jlr1igo hr HVIC: \ in oucw.ud. mtic prasurc between pm.sun: losses arc applied. to the 
),'11cmt ' cri1!9f Qfrtn, nQnt the i;upply and the lCl'Um air during Frktion Rare Worksheet. Evaporator 

j)'J~ wfutrostKS i1 bUmcd on hlowu operation. le is the- n::su1c of coil~ fi lters, :llld registers a.JI addI 
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-;,;$k-nDqJ C\IUipnH:'.'!!1 or low ttfrit;• chC' blower pushing ag:i.insc die rciis- ~isnncc to :iirffow. Figure 3 (5CC 
CTIUU chargr. when 1ht roJ iuut i, 2 u.noc of the Juawork. c:vaporator, P2ge 30) shows rhe plCSSlJJ'C dcop 
m.,rimd d""' . C-.ow11b. registers and other components in associated. with the sdc(."tcd three- l 
dalli:a.n. ::arc spcnr on :1.djumncnt and I chc air strcun. Manufocrurcrs pro- ,on C'\':lpor.uor coil. \'(/hen 1.2()0 • 
repair because of low airflow across vi.de chese values in ordcc to n~ CFM of lW' move1 through 1hi1; «til,\ 
rhc evaporator or unbalano:d air j their equipment prrfonnanc.c a pmsurc drop of .18 rwc wiU 
disoibur:ion. This anick introduc:cs :agajnsr cnmmon fidd conditions. occur. This .18 rwc mlllt be sub-
the bzic ncps co size duct runs and I Figun: 2 (,c,: page 30) shows the 1ractod from rhe .5 ESP pn>duC<d 
avoid oostly mistakts. perfurm>11« da1a for the 40.000 by the blower. The evaporator 

Duct si1jng begins with chc bear Hulh fumxx operating •1 high ~as airflow and reduet:$ the 
load.Uc he:,, lo,d dti«m;ng 1hs speed. According to rhe data, the available prusurc to move air. All 
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boon sdcca:d w meet an aro:po:d exists bctwo::n supply and n:tum. ucs are available. This example uses 
Ioad cakularion. The aamplc jn This v.t.lue is applied to step I of the \ commo" ,Jcf.aulc pt~ucc drops fur 
this article will take six :m:ps to siz.c: friction Rate Worksoo:c in figur< l. : the d•mpcr, ft&''"••nd th. I• 
the longest duct run associated. with If the designer requires the fumac, ,...,dard filter. 
a 36,000 Btuh air conditioner 3nd a ro move 1220 CFM, the ..,istanoe Seep 3. SubrtllCI the <01"1 pres- , 
40,000 l!ruh furnace. Five steps will caused by ductWOrk fiuing, and sutc dmp ciulal by ;di 2ir.idc 
be n:oortlcd on the Friction Rate other airside devices cannot cxc«d ckvicts: in seep 2 6-om tbc: F;p,. l 
Worksh= ar figun, I. rh~ value of .5 lWC. As ESP Manufaaur<!S Blower Pcrformonce 

Step 1. To siz.c duc1 runs for inc= airflow fulls. If ,he ESP ESP found in so:p I. This diffi:nence ' 
sclccrrd equipment, the designer were: incn:ascd to .7 fWC, airflow indiarcs the available static pressure: 
mu~t obtain thc manufactUrer's for the same 40,000 Buih funua: (ASP) 10 move :>ir through fitting, 
blower p<rformancc datt. The per· would be reduced ro 1115 CFM. and ducrwork. The Friction Jla,e 
formance data idcnci6cs chc equip,- , Woiksheer indica.., char aftcr all 
mcnt's o:rcmal stllric pressure (ESP) ainidc comPoncnts h:1.vt: bceii 
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volume lhrough rho supply a.nd move the n:quircd air volume of 
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\'(lorkshc.-ct. ThL" ,·alue of .087 I\VC n:prc.·• 

scnls the pn.:s.... un..· lo5s , .,uSl-d by dlL" Ju..:1• 
work 1,,."\'1,,.•~· I00 foci uf run. This ,·;1lm: is 

roum.J...'tl up m .09 l\'.:1C anJ us...-J a.~dH: liic-
1iun Ins.~ \';1luc li>r c.·ad1 J11c.:1!ii7A.-d in 1h,: )ys• 
l ,:nt , 

Step 6. Apply 1hl..' fric1ion loss \-;tlu,: IO 

1hl" d111.'1 slide nile 10 c.i,:1crminl" 1..tch Jm:t 
c.li:1 11lL"l<.0 r. Figure 4 )hows .:m :ihhrc,•i,lh.,J sy~­
h:m wi1h 1lm:c.· supply runs anJ .1 singl,.. 

return. Fmm this ;1hhn."·ial1.-J illustr.uion, 
liw duct si1J..-s will he c.-.1k11far.._.J 10 compk'1'l' 
the.· lnngc.·s1 run from die supply ;1ir plL"num 
to tlucr #I. lkg.in by !li1.ing due, 1:11 anJ 
work hack m siz~ c.01ch c.hm umil du: ~upplr 
:.iir plenum is n:ad11,,.,J, 1-k-gin hy lining Thl" 
n.'t111in.."<I :1irflnw uf 160 CFM whh 1l1c frk­
riun r.it<.' of ,09. ou illustrah.-J in figure 5. 
T he.• i.lM.le rul,.. ~hnws ;-in :r· duct is rc.."ttuin.-J 
10 mcwt." lh(." n.-..111in.-..l a ir ;11 .J ,·clod 1y hc:lmv 
600 lli.·1,,,..r mintUl". U-'"'-· 1lw s.1nw prncl'~-. m 
sii'.l.' c.lun .!. ,\r 115 CFM :mJ .09 J\'XIC of 
friction Im~. 1hc rc.'t1uinc1I dm., di.nm:tl'r is 
7". Duc1 _:\ must he !lizctl 10 l'=lll') ' the :1i r m l-
111111..• of c.lu..:1 I plus Ju..:r 2 for ;1 tnul of 275 
CFXt The !\lidc rull" shows:, r<.'llllirnl ,Iner 
di:unc:t1t..·T uf Hf", 1"1 ill11Mr.m,:d in ligurc 6. 
\'.:1orkinp, h:1i:k. duct 5 i!> rc~punsil,lc..· li.1r 1(11,,.• 

"ul11111...- of ducri. l ,2, ,rnJ 4 for 01 1cual of •iOO 
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,·olumc is I2". The Jucr nms arc- summ:uilc.>tl 
on t.:iblc 2. 

D111:1 sym:-ms dc.'!>it:,111:<l rn.ins 1hc lnng,-s1 
nm nMhmJ rc.·t1uirc..· h:11.mcin~ ,l.uupc..·r.; in c.,11,:h 
hr.md, c.lucr. \X1id1uuc ,L,mp.:r.-, 1hc :-;honer 
nms ,,i ll rc..'('.d\'c l'XCC)S ;-iir .:i11J ~Ian°'· 1hc.· 
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Srcp 4. tu st:ucd ..:arlicr. thl" s:itt 

ofc.1ch duct run lJ b3Cd on thr- rin­

glc lonp Jlk."t NIL "The Jcsigncr 
mw1 Jcrcnnill(' rhc ·foal ~ui,;ilcm 

1.cngth (TEL) from chc mum air 
grill m rhC' end of the longest supply. 
The TEL of ,he longa< run is found 
hy adding c,d, =iigln lmg,h of ,he 

Juu anti du: rquiv.l&:m. irnph of :ill 
fininp in the loop run. The 
ftitl~nl fining length rqmx,u::1 

1l1ie rnllUmr a fining u(len 10 :air­

ffaw compamt ro a ,c.r.tir)u duct 
run. For eiampk. rounJ dlk.""U t1pcJ 
in1u a pknuin off"cr ,he sunc rcsB-
1~1"-Y 10 :1.iriln"'' 2Y 35 f"tt1 of RT:1ir,h1 

Ju~. Tk ,rquivakni lcngdl ofcom­
mon finin& ii :11,'aibblc in ;1ppcrx.lix 
3 of ACCA', M,nu,l ll ngu~ 4 
illwrr.arcs 1hc lT-.L of tht- lonp 
dua run.. The longest duct nm is 
mmnwi:zcd in table 1. 
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friction rate. Titis frictKWl r.uc ti 
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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. 

·- Cer-tificate of Achievement 
- ·=."1 

-='-= 

Awarded to 

Darrow P. Soares 
for completing all the requirements of the 

Application & Service Training for the 
Environmentally Sound Refrigerant, Puron"' 

REHIHIRANT 
8PECIAlJ8T 

Date 

02/04/03 

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 

orga.niz.ation with the mission ofproviding 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: 

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

• Volunteers build the houses and provide materials at cost 

• 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 Hwnanity 

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 

ofother 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 ofequipment with 

no mark up or profit. Following is a summary ofwork provided to Habitat for Humanity 

during my sabbatical leave from Mount San Antonio College. 

The first house I participated in was located 

in Moreno Valley and built by the Riverside 

Habitat for Humanity affiliate. I was 

involved with this house periodically from 

February 2003 to the end ofmy sabbatical in 

2004. The heat load was submitted to the 

Moreno Valley Planning Department in March of2003. 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. 

24161 Clover Avenue. Moreno Valley 

Installation ofthe air 

conditioning equipment began on 

February 24th of2004. I performed the 

rough mechanical construction with two 

helpers made available through the local 

high school Co-op work study. In theHalfthecrew at24161 Oover Avenue 

rough phase ofconstruction, 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 halfdays. Although my helpers had excellent 

mechanical skills, their knowledge ofair 

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 ofthe air conditioning 

equipment resulted in few changes. The Uniform Mechanical Code UMC 908.0 put the 

furnace clearances in question. The code violation was resolve by extending the flooring 

out in front ofthe furnace. In addition, the inspector questioned ifthe 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 ifthe 
) 

recommended that I not insulate the duct 

joints until after rough inspection is complete. 

As ofthis writing, the home is in the 

final stages ofconstruction and finish is 

currently under way. The finish process 

includes installing the thermostat and all 

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 ofair and other non condensables. The system is then 

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

Horizontal furnace installed in the attic 
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operated and charged with refrigerant. The furnace is then operated. This involves 

burning o:ffthe 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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Job: Habitat for HumanityBuilding Analysis Date: February 2003 
Entire House By: Darrow Soares 

Sabbatical Project 

MOl.lnl San Antonio College, February 2003, 

Pro·ect Information 

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

Desi n Conditions 
Location: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 
Latitude: 34°N 

Outdoor: Heating
Dry bulb (°F) 36 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

Cooling
98 
29 ( H 
68 
7.5 

) 

Indoor: 
Indoor temperature (°F)
Design TD (°F) 
Relative humidity(%) 
Moisture difference (gr/lb) 

Infiltration: 
Method 
Construction quality 
Fireplaces 

Heating 
70 
34 
30 
8.3 

Simplified 
Average 
0 

Cooling
75 
23 
50 

-8.0 

Heatin 

Component Btuhfft2 Btuh % of load 
Walls 3.1 3081 15.2 
Glazing 29.6 3195 15.8 
Doors 13.3 557 2.8 
Ceilings 1.1 1071 5.3 
Floors 5.3 5216 25.8 
Infiltration 3.3 3480 17.2 
Ducts 1129 5.6 
Piping 0 0.0 
Humic1ification 0 0.0 
Ventilation 2504 12.4 
Adjustments 0 
Total 20232 100.0 

) 

Coolin 

Component Btuh/ft2 Btuh % of load 
Walls 2.2 2159 13.5 
Glazing 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 Btuh/ft2-°F 

Data entries checked. 

\ ~ wr1ghtsoft Rlght-SutteResidential5.9.37RSR3122B 2004-Sep-13 12:24:51 
'--./ Aco. C:\My Documents\Wrightsofl HVAC\Habl1at Moreno 24161 Clover.rrp Cale= MJB Orientation = E Page 1 
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Job: Habitat for Humanity AED Assessment Date: February 2003 
Entire House By: Darrow Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

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

Design Conditions 
Location: Indoor: 

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

Outdoor: Heating Cooling Moisture difference (gr/lb) 
Dry bulb (°F) 36 98 Infiltration: 
Daily range (°F) 29 ( H ) Method 
Wet bulb (°F) 68 Construction quality 
Wind speed (mph) 15.0 7.5 Fireplaces 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 
7,00 

6,000 

Heating
70 
34 
30 
8.3 

Simplified 
Average 
0 

Cooling
75 
23 
50 

-8.0 

2,000 

1,00 

o~---+----1---+--------11----+---+----+---+------1---­
a 9 10 11 12 13 14 15 16 17 18 19 20 

Hour of Day 
;, Average / AED!mlt 

Maximum hourly glazing load exceeds average by 17.0%. 

House has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: O Btuh 

) ~ wnghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 12:24:51 
J ACcP,.. C:\My Dacuments\Wrighlsoft HVAC\Habltat Moreno 24161 Clover.rrp Cale= MJS Orientation= E Page 1 
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Job: Habitat for Humanity Component Constructions Date: February 2003 
Entire House By: Darrow Soares 

Sabbatical Project 

Mount 5an Antonio College, February 2003, 

Pro·ect Information 

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

Design Conditions 
Location: Indoor: 

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

Outdoor: 
Dry bulb (°F) 

Heating 
36 

Cooling
98 

Moisture difference (gr/lb) 
Infiltration: 

Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

29 
68 
7.5 

( H ) Method 
Construction quality 
Fireplaces 

Heating 
70 
34 
30 
8.3 

Simplified 
Average 
0 

Cooling 
75 
23 
50 

-8.0 

Or Area U-value lnsulR Htg HTM Loss Clg HTM GainConstruction descriptions 
(fl') (Bluh/fl"-"F) (fl'-"F/Btuh) (Btuh/fl') (Btuh) (Btuh/11') (Btuh) 

Walls 
12C-0sw: Wood stud frame, siding or stucco, no board insulation, n 139 0.091 13.0 3.09 430 2.27 316 
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 2.27 346 
w 291 0.091 13.0 3.09 900 2.27 662 
all 890 0.091 13.0 3.09 2754 2.27 2025 

Partitions 
12O-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 
1 D-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 29.6 1775 28.2 1692 
1 D-c2om: Operable, metal frame, no break, clear glass, 2 pane n 12 0.870 0.0 29.6 355 33.7 404 
1 D-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 
1 D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 2 ft w 8 0.870 0.0 29.6 237 84.1 673 
overhang 
10-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 
11 DO: Wood door, solid core, no storm n 21 0.390 0.0 13.3 278 11.7 246 

w 21 0.390 0.0 13.3 278 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 

'.___j ~ wr1ghtsoft Right-Suite Resldenlial 5.9.37 RSR31228 2004-Sep-1312:24:51 

,ro. C:\My 0ocuments\Wrightsoft HVAC\Ha.bitat Moreno 24161 Clover.rrp Cale= MJ8 Orientation= E Page 1 
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Bath 

Mstr Bd _clst rzl 50 cfm 

~ 138cfm 

l2J 

l'v1 Bdrm 2 _clst 
~ 129 cfm 

Sheet 1 

Garage 

~ 58cfm 

Fmly Bath 

Kitchen/Hall 

'----- 138 cfm-
Bdrm 3 _clst 

cfm 

~ 1 cfm 

Living Room 

~ 164cfm 

Job #: Habitat for Humanity 
Performed by Darrow Soares for: 

Habitat For Humanity I 24161 Clover Avenue 
Moreno Valley, CA 

Sabbatical Project 

Mount San Antonio College 
February 2003, 

Scale: 1: 76 
Page 1 

Right-Suite Residential 
5.9.37 RSR31228 

2004-Sep-13 12:26:00 
C:\My Documents\Wrightsoft HVAC\ ... 
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Job: Habitat for Humanity Project Summary Date: February 2003 
By: Darrow Soares Entire House 

Sabbatical Project 

Mount San Antonio Conege, February 2003, 

Pro·ect Information 

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

Notes: 

Desi n 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 numidity 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/swini multiglier 1.03 
Infiltration Equipmen sensi le load 16469 Btuh 

Method Simplified Latent Cooling Equipment Load Sizing 
Construction quality Average
Fireplaces 0 Structure 964 Btuh 

Ducts -92 Btuh 
Heating Cooling Central vent (71 cfm) -364 Btuh 

Area (ft2) 984 984 Equipment latent load 507 Btuh 
Volume (ft3) 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 80AFUE 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 H2O Static pressure 0.08 in H2O 
Space thermostat Load sensible heat ratio 0.97 

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

~ wr1ghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1312:24:51 
~ C:\My Ooc:uments\Wrfghtsoft HVAC\Habltat Moreno 24161 Clover.rrp Cale= MJ8 Orientation= E Page1 
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21170 Clover Avenue. Moreno Valley 

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

The heat load was submitted to Moreno Valley 

Planning in March of2003. In submitting the 

heat loads, I had to make one visit to Moreno 

Valley planning to defend the heat load 

calculation. The issue was not technical but a 

matter ofmy credentials and that ofthe software. The issue was resolved and 

calculations were accepted. 

The air conditioning equipment was installed during weekends in March 2004. In 

the process ofproviding 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 ofmy sabbatical in 

2004. Rough mechanical 

construction was performed by 

Mount San Antonio College AIRC 

students and me. The AIRC students 

were eager to practice their skills and 

The Mt. SAC crew at 21170 Clover Avenue willing to work uncompensated 

through 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 ofthe air conditioning equipment resulted in 

minor changes. Again, the Uniform Mechanical Code UMC 908.0 put access to the J 

30 



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 ofthe 

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 

A student installs the return air can 

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 

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

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, 

Pro·ect Information 

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

Desi n Conditions 
Location: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 
Latitude: 34°N 

Outdoor: Heating
Dry bulb (°F) 36 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

Cooling
98 
29 ( H 
68 
7.5 

) 

Indoor: 
Indoor temperature (°F) 
Design TD (°F) 
Relative humidity(%) 
Moisture difference (gr/lb) 

Infiltration: 
Method 
Construction quality 
Fireplaces 

Heating 
70 
34 
30 
8.3 

Simplified 
Average 
0 

Cooling
75 
23 
50 

-8.0 

Heatin 

Component Btuh/ft2 Btuh % of load 

Walls 
Glazing 
Doors 
Ceilings 
Floors 
Infiltration 
Ducts 
Piping 
Humiaification 
Ventilation 

3.1 
29.6 
13.3 

1.1 
5.3 
3.3 

3081 
3195 

557 
1071 
5216 
3480 
1129 

0 
0 

2504 

15.2 
15.8 
2.8 
5.3 

25.8 
17.2 
5.6 
0.0 
0.0 

12.4 
Adjustments 
Total 

0 
20232 100.0 

' ' 

Coolin 

Component Btuh/ft2 Btuh % of load 

Walls 2.2 2159 13.5 
Glazing 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 Btuh/ft2-°F 

Data entries checked. 

J ,;::;;. wr1ghtsoft Right-SutteResldenlial5.9.37RSR31228 2004-Sep-13 12: 19:59 
~ ~ C,\My Documents\Wrightsoft HVAC\liabltat Moreno 2170 Clover.rrp Cale= MJB Orientation= S Page 1 

33 



Job: Sabbatical Project AED Assessment Date: February 2003 
Entire House By: Darrow Soares 

Sabbatical Project 
, 
Mount San Antonio College, February 2003, 

Pro·ect Information 

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

Design Conditions 
Location: Indoor: 

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

Outdoor: Heating Cooling Moisture difference (gr/lb) 
Dry bulb (°F) 36 98 Infiltration: 
Daily range (°F) 29 ( H ) Method 
Wet bulb (°F) 68 Construction quality 
Wind speed (mph) 15.0 7.5 Fireplaces 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 
7,00 

Heating 
70 
34 
30 
8.3 

Simplified 
Average 
0 

Cooling 
75 
23 
50 

-8.0 

1,000 

0 '----+--+---l---+---l- --+---+----+--+---+---+--------l 
8 9 10 11 12 13 14 15 16 17 18 19 20 

Hour of Day 
-' Hourty -' Average / AEDlllit 

Maximum hourly glazing load exceeds average by 17.0%. 

House has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: O Btuh 

) ,;:;_ wr-1ghtsoft Right-Suite Residentlal 5.9.37 RSR31228 2004-Sep-13 12:19:59
'..__/ ACCfll. C:IMy Documents\Wrightsoft HVAC\Habttat Moreno 2170 Clover.rrp Cale= MJB Orientation= S Page1 
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Sheet 1 

~ 58cfm 

Bath Fmly Bath 

[g]IZl- soctm 
Kitchen/Hall

Mstr Bd _clst 
'---- 138 cfm804efm

~138 cfm 

Bdrm 3 _clst 

~ 129 cf"edrm 2 _clst 

[81 117 cfm 

Living Room 

[:gl 1E cfm 

Job #: Sabbatical Project 
Performed by Darrow Soares for: 

Habitat For Humanity 
21170 Clover Avenue 

Moreno Valley, CA 

Sabbatical Project 

Mount San Antonio College 
February 2003, 

Scale: 1: 76 
Page 1 

Right-Suite Residential 
5.9.37 RSR31228 

2004-Sep-13 12:19:49 
C:\My Documents\Wrightsoft HVAC\ ... 
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Job: Sabbatical Project Project Summary Date: February 2003 
Entire House By: Darrow Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect 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 

Desi n 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 flumidity 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/swini multiglier 1.03 
Infiltration Equipmen sensi le load 16469 Btuh 

Method Simplified Latent Cooling Equipment Load Sizing 
Construction quality Average
Fireplaces 0 Structure 964 Btuh 

Ducts -92 Btuh 
Heating Cooling Central vent (71 cfm) -364 Btuh 

Area (ft2) 984 984 Equipment latent load 507 Btuh 
Volume (W) 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 RANS Series 
Model RRKA-A036JK04E Cond RANB-030JA 

Coil RGLL-05?BMK?+RCHJ-36A 1 
Efficiency 80AFUE Efficiency 14 SEER 
Heating mput 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 H2O Static pressure 0.08 in H2O 
Space thermostat Load sensible heat ratio 0.97 

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

/ ~ wnghtsoft Right-Suite Residential 5.9.37 RSR31228 2004Sep-1312:19:59
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Job: Sabbatical Project Component Constructions Date: February 2003 
Entire House By: Darrow Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

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

Design Conditions 
Location: Indoor: 

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

Outdoor: 
Dry bulb (°F) 

Heating 
36 

Cooling
98 

Moisture difference (gr/lb) 
Infiltration: 

Daily range (°F) 29 ( H ) Method 
Wet bulb (°F) 
Wind speed (mph) 15.0 

68 
7.5 

Construction quality 
Fireplaces 

Heating 
70 
34 
30 
8.3 

Simplified 
Average 
0 

Cooling 
75 
23 
50 

-8.0 

Construction descriptions Or Area U-value lnsulR Htg HTM Loss Clg HTM Gain 
(112) (Bluhlfl'-0 F) (fl' -°F/Btuh) (Btuhlfl') (Btuh) (Btuh/11') (Btuh) 

Walls 
12C-0sw: Wood stud frame, siding or stucco, no board insulation, n 139 0.091 13.0 3.09 430 2.27 316 
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 2.27 346 
w 291 0.091 13.0 3.09 900 2.27 662~) all 890 0.091 13.0 3.09 2754 2.27 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 
1 D-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 29.6 1775 28.2 1692 
1 D-c2om: Operable, metal frame, no break, clear glass, 2 pane n 12 0.870 0.0 29.6 355 33.7 404 
1 D-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 
1 D-c2om: Operable, metal frame, no break, clear glass, 2 pane; 2 ft w 8 0.870 0.0 29.6 237 84.1 673 
overhang 
1 D-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 
11 DO: Wood door, solid core, no storm n 21 0.390 0.0 13.3 278 11.7 246 

w 21 0.390 0.0 13.3 278 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 

J ..:::_ wnghtsoft Ri,ght-Sulte Residential 5.9.37 RSR31228 2004-Sep-13 12:19:59 
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680 Columbia Avenue. Redlands 

The Columbia house was a premanufactured home that was installed by the Redlands 

}labitat for Humanity affiliate. Under most conditions, a premanufactured home is easier 

The completed home on Columbia 

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 

need for numerous on sight contractors and 

working crews i.;; minimized and construction time is greatly reduced. The manufacturer 

ofthe home, Skyline, and The California Manufacturing Housing Industry donated half 

the cost ofthe home to the Redlands affiliate. In addition, the property was completely 

donated by the city ofRedlands. This savings, in turn, was passed on to the homeowner. 

The work required to install the air 

conditioning system on this type ofhome 

includes joining the existing ductwork 

between the two housing sections, 

installing the furnace, running the 

refrigerant and condensate lines, setting 

the condenser and running main powerThe 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 of2004. The manufacturer ofthe home, Skyline called for a 
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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 12th 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 

The refrigerant lines are brazed 

to work in. This was because the home was 

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 

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 ofhouse on 

July 20th
, 2004. 
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Job: Columbia Habitat for Hu...Building Analysis Date: March 20, 2003 
Entire ffouse By: Darrow P. Soares 

Sabbatical Project 

Mount san Antonio College, February 2004, 

Pro·ect Information 

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

Desi n Conditions 
Location: 

Redlands, CA, US 
Elevation: 1318 ft 
Latitude: 34°N 

Outdoor: 
Dry bulb (°F) 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 

Heating
33 

15.0 

Cooling
99 
33 ( H ) 
69 
7.5 

Indoor: 
Indoor temperature (°F) 
Design TD {°F) 
Relative humidity (%) 
Moisture difference (gr/lb) 

Infiltration: 
Method 
Construction quality 
Fireplaces 

Heating 
70 
37 
30 

11.1 

Simplified 
Average 
0 

Cooling 
75 
24 
50 

-4.3 

Heatin 

Component Btuh/ft2 Btuh % of load 
Walls 2.6 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 3.7 4120 22.1 
Ducts 1180 6.3 
Piping 0 0.0 
Humiaification 0 0.0 
Ventilation 1820 9.7 
Adjustments 0 
Total 18680 100.0 

~ 

Coolin 

Component Btuh/ft2 Btuh % of load 
Walls 1.0 953 4.3 
Glazing 62.2 7217 32.9 
Doors 16.2 568 2.6 
Ceilings 1.7 1784 8.1 
Floors 2.7 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/ft2-°F 

WARNING: suspicious slab-on-grade floor perimeter in Bedroom 2. 

~ wr1ghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 12:10:56 
'-_) .AGO. C:\My Documents\Wrightsoft HVAC\840 Columbia Redlands.rrp Cale= MJ8 Orientation = NE Page 1 

40 



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

Sabbatical Project 

Mount San Antonio College, February 2004, 

For: 

Location: 
Redlands, CA, US 
Elevation: 1318 ft 
Latitude: 34°N 

Outdoor: 
Dry bulb (°F) 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 

9,00 

) 

Pro·ect Information 

Habitat for Humanity 
680 Columbia Avenue, Redlands, CA 

Design Conditions 
Indoor: 

Indoor temperature (°F) 
Design TD (°F) 
Relative humidity(%) 

Heating 
33 

Cooling
99 

Moisture difference (gr/lb) 
Infiltration: 

33 ( H ) Method 

15.0 
69 
7.5 

Construction quality 
Fireplaces 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 

Heating 
70 
37 
30 

11 .1 

Cooling 
75 
24 
50 

-4.3 

Simplified 
Average 
0 

o ~ - --+---+----+---+---,1-----+---+-----+---+----1-----+-----i 
8 9 10 11 12 13 14 15 16 17 18 19 20 

Hour of Day 
, Houly , Average / AEODmlt 

Maximum hourly glazing load exceeds average by 24.7%. 

House has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: OBtuh 

~ wnghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1312:10:55 
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Bedroom 2 
163 cfm 

7" 

·6 II 

Bedroom 1 
105 cfm 

7" 

173 cfmLiving 

Sheet 1 

38 cfm 
173 cfm 

Master B Room 

182 cfm 

7" 

Kitchen/Dining 

166 cfm 

7" 

6 cfm 

Job #: Columbia Habitat for Humanity 
Performed by Darrow P. Soares for: 

Habitat for Humanity 
680 Columbia Avenue 

Redlands, CA 

Sabbatical Project 
Mount San Antonio College 

February 2004, 

Scale: 1 : 58 
Page 1 

Right-Suite Residential 
5.9.37 RSR31228 

2004-Sep-13 12:10:03 
C:\My Documents\Wrightsoft HVAC\8 ... 
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Job: Columbia Habitat for Hu...Duct System Summary 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 

External static pressure 
Pressure losses 
Available static pressure 
Supply / return available pressure 
Lowest friction rate 
Actual air flow 
Total effective length (TEL) 

) 

Heating 
0.50 in H2O 
0.00 in H2O 
0.50 in H2O 

0.38 / 0.12 in H2O 
0.182 in/100ft 
1093 cfm 

274 ft 

Supply Branch Detail Table 

Supply Trunk Detail Table 

Return Branch Detail Table 

Cooling 
0.50 in H2O 
0.00 in H2O 
0.50 in H2O 

0.38 / 0.12 in H2O 
0.182 in/100ft 
1093 cfm 

Design Htg Clg Design Diam Rect Duct Actual Ftg.Eqv 
Name (Btuh) (cfm) (cfm) FR (in) Size (in) Matl Ln (ft) Ln (ft) 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 st1 
Kitchen/Dining h 2559 166 160 0.252 7 0x0 VIFx 22.0 130.0 st2 
LMng h 2671 173 156 0.197 7 OxO VIFx 30.0 165.0 st2 
Master Bath h 768 50 47 0.273 4 0x0 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 VIFx 35.0 175.0 st1 
Bedroom 1 h 1622 105 92 0.208 6 0x0 VIFx 19.0 165.0 st2 
Bedroom2 h 2515 163 113 0.208 7 Ox0 VIFx 19.0 165.0 st2 

Trunk Htg Clg Design Veloc Diam Rect Duct Duct 
Name Type (cfm) (cfm) FR (fpm) (in) Size (in) Material Trunk 

st1 PeakAVF 451 534 0.182 809 11 0 X 0 VinlFlx 
st2 PeakAVF 607 521 0.197 773 12 0 X 0 VinlFlx 

Name 
Grill 

Size (in) 
Htg 

(cfm) 
Clg 

(cfm) 
TEL 
(ft) 

Design 
FR 

Veloc 
(fpm) 

Diam 
(in) 

RectSize 
(in) 

Stud/Joist 
Opening (in) 

Duct 
Matl Trunk 

rb1 0x0 1093 1093 64.0 0.182 693 17 Ox 0 VIFx 

~ wnghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1312:10:55 

./£ct... C:\My Documenls\Wrighlsofl HVAC\840 Columbia Redlands.rrp Cale= MJB Orientation = NE Page 1 

43 



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

Sabbatical Project 

Mount San Antonio College, February 2004, 

Pro·ect Information 

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

Design Conditions 
Location: 

Redlands, CA, US 
Elevation: 1318 ft 
Latitude: 34°N 

Outdoor: 
Dry bulb (°F) 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 

Heating 
33 

15.0 

Cooling 
99 
33 ( H 
69 
7.5 

) 

Indoor: 
Indoor temperature (°F) 
Design TD (°F) 
Relative humidity(%) 
Moisture difference (grnb) 

Infiltration: 
Method 
Construction quality 
Fireplaces 

Heating 
70 
37 
30 

11.1 

Simplified 
Average 
0 

Cooling 
75 
24 
50 

-4.3 

Construction descriptions Or Area U-value lnsulR Htg HTM Loss ClgHTM Gain 
(112) (Bluh/fl>.."F) (11'-"F/Btuh) (Bluh/112) (Bluh) (Btuh/112) (Bluh) 

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 2.55 559 1.00 219 

SW 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-c2ob: 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 24.1 2790 62.2 7217 

Doors 
11 LO: 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-Ocvcp: Carpeted floor over vented enclosed crawl, No wall insul, 1062 0.295 0.0 4.10 4355 2.66 2825 
No insul 

~ vvrrghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep,-1312:10:56 
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Job: Columbia Habitat for Hu...Project Summary Date: March 20, 2003 
Entire House By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2004, 

Pro·ect Information 

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

Notes: Sabbatical Project for Mount San Antonio College Al RC Department 

Desi n Information 

Weather: Redlands, CA, US 

Winter Design Conditions Summer Design Conditions 
Outside db 33 °F Outside db 99 °F 
Inside db 70 °F Inside db 75 °F 
Design TD 37 °F Design TD 24 °F 

Daily range H 
Relative numidity 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/swin~ multiglier 1.04 
Infiltration Equipmen sensi le load 22825 Btuh 

Method Simplified Latent Cooling Equipment Load Sizing 
Construction quality Average
Fireplaces 0 Structure 861 Btuh 

Ducts -98 Btuh 
Heating Cooling Central vent ( 4 7 cfm) -132 Btuh 

Area (ft2) 1062 1062 Equipment latent load 630 Btuh 
Volume (W) 8496 8496 
Air changes/hour 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-A042JK04E Cond RANB-036JA 

Coil RCGA-36A2 
Efficiency 80AFUE 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 H2O Static pressure 0.50 in H2O 
Space thermostat Load sensible heat ratio 0.97 

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

j ~ wr,ghtsoft Right-Su~e Residential 5.9.37 RSR31228 2004-Sep-13 12:1 0:56 
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The Draciea house is installed on footings 

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 of2004. 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 

ofAmerica (ACCA)\ put the sensible 

heat load at 34,000 BTUs. Skyline, 

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 process to install the air conditioning equipment was similar to the Columbia 

house. The air conditioning installation began in May of2004. As ofthis 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 ofthis 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 finish construction should be completed soon after. 
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Component Btuh/ft2 Btuh % of load 
Walls 
Glazing 
Doors 
Ceilings 

3.4 
24.0 
14.4 

1.2 

4152 
2549 

303 
1311 

25.9 
15.9 
1.9 
8.2 

Floors 
Infiltration 
Ducts 
Piping 
Humiaification 
Ventilation 

0.6 
4.1 

696 
4295 
1013 

0 
0 

1732 

4.3 
26.8 
6.3 
0.0 
0.0 

10.8 
Adjustments 
Total 

0 
16051 100.0 

Job:Building Analysis Date: March 2004 
Entire House By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, March 2004, 

...... ,_ 

-J 

Overall U-value = 0.078 Btuh/ft2-°F 

Data entries checked. 

Coolin 

Component Btuh/ft2 Btuh % of load 
Walls 2.0 2412 12.8 
Glazing 64.5 6833 36.3 
Doors 11.3 238 1.3 
Ceilings 1.7 1860 9.9 
Floors 0.4 451 2.4 
Infiltration 1.2 1300 6.9 
Ducts 2281 12.1 
Ventilation 1124 6.0 
Internal gains 2350 12.5 
Blower 0 0.0 
Adjustments 0 
Total 18849 100.0 

For: 

Location: 
Redlands, CA, US 
Elevation: 1318 ft 
Latitude: 34°N 

Outdoor: 
Dry bulb (°F) 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 

Pro·ect Information 

Habitat for Humanity 
786 Draciea, Redlands, CA 

Desi n Conditions 
Indoor: 

Indoor temperature (°F) 
Design TD (°F) 
Relative humidity (%) 

Heating Cooling Moisture difference (gr/lb) 
33 99 

33 ( H ) 
Infiltration: 

Method 
69 Construction quality 

15.0 7.5 Fireplaces 

Heatin 

Heating 
70 
37 
30 

11.1 

Simplified 
Average 
0 

Cooling 
75 
24 
50 

-4.3 

) ~ wnghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1312:15:45 
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AED Assessment Job: 
Date: March 2004 

Entire House By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, March 2004, 

Pro·ect Information 

For: Habitat for Humanity 
786 Draciea, 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/lb) 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 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 
9,00 

a,oon--1=~ - ----- ----- - -----------------

3,000 

2,000 

1,000 

0 '-----4--- -1----4---1---- --4---l-----l------,1-----1------,l------+--------t 

8 9 10 11 12 13 14 15 16 17 18 19 20 

Hour of Day 
, Houty , Average / AEDHnil 

Maximum hourly glazing load exceeds average by 10.6%. 

House has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: OBtuh 

< I ~ wnghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1312:15:45 
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87 cfm 

2i9 cfm Bedr m 1 

7 • 

10 " 

Living room 

O" 
219 cfm 

6 " 

Dining 
55 cfm 

Sheet 1 

Bo room 2 

7 • 

'18" 

8 " 
Family bath StorageKl ich n 

124 cfm 

Garage 

Job#: 
Performed by Darrow P. Soares for: 

Habitat for Humanity 
786 Draciea 

Redlands, CA 

Sabbatical Project 

Mount San Antonio College 
March 2004, 

Scale: 1 : 128 
Page 1 

Right-Suite Residential 
5.9.37 RSR31228 

2004-Sep-13 12:12:35 
C:\My Documents\Wrightsoft HVAC ... 
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Return Branch Detail Table 

Name 
Grill 

Size (in) 
Htg 

(cfm) 
Gig 

(cfm) 
TEL 
(ft) 

Design 
FR 

Veloc 
(fpm) 

Diam 
(in) 

RectSize 
(in) 

Stud/Joist 
Opening (in) 

Duct 
Matl Trunk 

rb1 OxO 960 960 91.0 0.026 543 18 Ox 0 ShMt rt1 

Return Trunk Detail Table 

Name 
Trunk 
Type 

Htg 
(cfm) 

Gig 
(cfm) 

Design 
FR 

Veloc 
(fpm) 

Diam 
(in) 

Rect Duct 
Size (in) 

Duct 
Material Trunk 

rt1 PeakAVF 960 960 0.026 543 18 0 X 0 ShtMetl 

~ wnghtsoft Right-Sutte Residential 5.9.37 RSR31228 2004-Sep-13 12:15:45 
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Duct System Summary Job: 
Date: March 2004 

Entire House By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, March 2004, 

Project Information 

For: Habitat for Humanity 
786 Draciea, Redlands, CA 

Heating Cooling 
External static pressure 0.08 in H2O 0.08 in H2O 
Pressure losses 0.00 in H2O 0.00 in H2O 
Available static pressure 0.08 in H2O 0.08 in H2O 
Supply / return available pressure 0.06 / 0.02 in H2O 0.06 I 0.02 in H2O 
Lowest friction rate 0.026 in/100ft 0.026 in/100ft 
Actual air flow 960 cfm 960 cfm 
Total effective length (TEL) 304 ft 

Supply Branch Detail Table 

Design Htg Clg Design Diam Rect Duct Actual Ftg.Eqv 
Name (Btuh) (cfm) (cfm) FR (in) Size (in) Matt Ln (ft) Ln (ft) Trunk 

Living room-A h 3264 219 152 0.031 10 0x0 ShMt 48.0 130.0 st2 
Living room h 3264 219 152 0.033 10 0x0 ShMt 40.0 130.0 st2 
Family bath h 1238 83 70 0.037 7 0x0 ShMt 5.0 145.0 st1 
Matser Bedroom-A C 2317 59 125 0.026 8 0x0 ShMt 18.0 195.0 st1 
Matser Bedroom C 2317 59 125 0.030 8 0x0 ShMt 26.0 160.0 st1 
Master Bath C 47 3 3 0.033 4 0xO ShMt 10.0 160.0 st1 
Dining h 818 55 29 0.035 6 0x0 ShMt 21 .0 140.0 st2 
Kitchen C 2296 106 124 0.032 8 0x0 ShMt 9.0 165.0 st2 
Bedroom 1 C 1597 73 87 0.032 7 0x0 ShMt 27.0 150.0 st2 
Bedroom 2 C 1703 84 92 0.032 7 0x0 ShMt 17.0 160.0 st2 

Supply Trunk Detail Table 

Trunk Htg Clg Design Veloc Diam Rect Duct Duct 
Name Type (cfm) (cfm) FR (fpm) (in) Size (in) Material Trunk 

st1 PeakAVF 205 325 0.026 413 12 0 X 0 ShtMetl 
st2 PeakAVF 755 635 0.031 541 16 0 X 0 ShtMetl 

~ wnghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1312:15:45<..) ACCfirl. C:\My Documents\Wrighlsoft HVAC\Oraclea.rrp Cale = MJB Orienta!Jon = W Page 1 
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Component Constructions Job: 
Date: March 2004 

Entire House By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, March 2004, 

Pro·ect Information 

For. Habitat for Humanity 
786 Draciea, Redlands, CA 

Design Conditions 
Location: 

Redlands, CA, US 
Elevation: 1318 ft 

Indoor: 
Indoor temperature (°F) 
Design TD (°F) 

Heating
70 
37 

Cooling 
75 
24 

Latitude: 34°N Relative humidity(%) 30 50 
Outdoor: 

Dry bulb (°F) 
Heating 

33 
Cooling

99 
Moisture difference (gr/lb) 

Infiltration: 
11.1 -4.3 

Daily range {°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

33 
69 
7.5 

( H ) Method 
Construction quality 
Fireplaces 

Simplified 
Average 
0 

Construction descriptions 

Walls 
12C-0sw: Wood stud frame, siding or stucco, no board insulation, 
R-13 cavity insulation 

Or 

n 
e 
s 
w 
all 

Area 
(ft') 

136 
379 

32 
374 
921 

U-value 
(Btuh/112-"F) 

0.091 
0.091 
0.091 
0.091 
0.091 

lnsulR 
(IP-"F/Btuh) 

13.0 
13.0 
13.0 
13.0 
13.0 

Htg HTM 
(Btuh/11') 

3.37 
3.37 
3.37 
3.37 
3.37 

Loss 
(Bluh) 

458 
1276 
108 

1259 
3101 

ClgHTM 
(Btuh/11') 

2.18 
2.18 
2.18 
2.18 
2.18 

Gain 
(Btuh) 

297 
828 
70 

817 
2011 

Partitions 
12C-0sw: Wood stud frame, siding or stucco, no board insulation, 
R-13 cavity insulation 

Windows 
1CH:2ob: Operable, metal frame with break, clear glass, 2 pane n 

e 
w 
all 

312 

32 
48 
26 

106 

0.091 

0.650 
0.650 
0.650 
0.650 

13.0 

0.0 
0.0 
0.0 
0.0 

3.37 

24.0 
24.0 
24.0 
24.1 

1051 

770 
1154 
625 

2549 

1.28 

29.3 
79.7 
79.7 
64.5 

400 

937 
3825 
2072 
6833 

Doors 
11 DO: Wood door, solid core, no storm e 21 0.390 0.0 14.4 303 11 .3 238 

Ceilings 
168-30ad: Ceiling under vented attic, no radiant barrier, dark 
shingles, R-30 insulation 

1107 0.032 30.0 1.18 1311 1.68 1860 

Floors 
19C-19cscp: Carpeted floor over tight enclosed crawl, R-11 wall, 
R-19 blanket 

1107 0.049 19.0 0.63 696 0.41 451 

} ~ w n ghtsoft Right-Sutte Residential 5.9.37 RSR31228 2004-Sep-1312:15:45 
...._J ..ffi. C:\My Doouments\Wrlghtsoft HVAC\Oraclea.rrp Cale= MJ8 Orlentallon = W Page 1 
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Job:Project Summary Date: March 2004 
By: Darrow P. SoaresEntire House 

Sabbatical Project 

l\llount San Antonio College, March 2004, 

Pro·ect Information 

For: Habitat for Humanity 
786 Draciea, Redlands, CA 

Notes: A Project for Sabbatical Leave for the AIRC Department. Mount San Antonio College 

Desi n Information 

Weather: Redlands, CA, US 

Winter Design Conditions Summer Design Conditions 
Outside db 33 °F Outside 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 13306 Btuh Structure 17725 Btuh 
Ducts 1013 cfm Ducts 2281 Btuh 
Central vent (45 cfm) 1732 Btuh Central vent (45 cfm) 1124 Btuh 
Humidification 0 Btuh Blower 0 Btuh 
Piping 0 Btuh AED excursion 0 Btuh 
Equipment load 16051 Btuh Use manufacturer's data n 

Rate/swing multiglier 1.04 
Infiltration Equipment sensi le load 19603 Btuh 

Method Simplified Latent Cooling Equipment Load Sizing 
Construction quality Average
Fireplaces 0 Structure 855 Btuh 

Ducts -103 Btuh 
Heating Cooling Central vent (45 cfm) -126 Btuh 

Area (ft2) 1107 1107 Equipment latent load 626 Btuh 
Volume (ff!) 8857 8857 
Air changes/hour 0.75 0.35 Equipment total load 20229 Btuh 
Equiv. AVF (cfm) 111 52 Req. total capacity at 0.70 SHR 2.3 ton 

Heating Equipment Summary Cooling Equipment Summary 
Make Carrier Make Carrier 
Trade WeatherMate 38AYC Trade WeatherMate 38AYC 
Model 38AYC03033 Cond 38AYC03033 

Coil CK5A/CK5BW036+TOR 
Effici~mcy 7.5 HSPF Efficiency 11 SEER 
Heating input Sensible cooling 20160 Btuh 
Heating output 29400 Btuh@47°F Latent cooling 8640 Btuh 
Temperature rise 29 °F Total cooling 28800 Btuh 
Actual air flow 960 cfm Actual air flow 960 cfm 
Air flow factor 0.067 cfm/Btuh Air flow factor 0.054 cfm/Btuh 
Static pressure 0.08 in H2O Static pressure 0.08 in H2O 
Space thermostat Load sensible heat ratio 0.97 

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

..::::. wr1gh1:soft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 12:15:45 
~ C:\My Document~IWrightsoft HVAC\Oraclea.rrp Cale =MJB Orientation =W Page 1 
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Furnace Recall 

The Background 

Soon after beginning my sabbatical leave I reactivated my contractor's license. I 

was quickly notified ofan equipment recall that involved gas-fired furnaces installed 

between 1983 and 1994. This notice requested me, as a C-20 HVAC contractor, to check 

furnaces were installed in California 

homes (Oldham, 2000). All were 

manufactured by Indiana-based 

• Consolidated Industries. They were 

sold under brand names that include 

The Bender furnace was located dangerously close Premiere, Sears, Bard, Coleman, 
to combustible material 

Kenmore and Heatmaster. After reviewing my records, I was able to identify 19 furnaces 

installed by my company, Central Air Contracting and Mechanical. Ofthe 19 installed, 

four were still in operation. 

In California, the Consolidated :furnaces have been tied to at least 31 fires, but no 

deaths or serious injuries (Sorz.a, 2001). Fires have been reported throughout Orange 

County, including Irvine, Yorba Linda, Coto de Caz.a, Foothill Ranch and Laguna Niguel. 

The U.S. Consumer Product Safety Commission (CPSC) has known since the mid 1990s 

that the heaters were faulty, but didn't issue the warning until September of2000. A 

formal recall went into effect July of2001. By that time the normal five year warranty on 
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the heat exchangers had expired on most of the furnaces. As a result, it was difficult to 

The Bender furnace showed signs of flame roll-out 
caused by a cracked heat exchanger 

assign responsibility of contacting 

the building owners to alert them of 

the danger. 

As with any recall or with 

any hazardous product, the CPSC 

wanted to negotiate some kind of 

repair, replacement or refund with 

) 

Consolidated Industries. But, the negotiations dragged on for years, complicated by 

class-action lawsuits. Before any remedy could be found, Consolidated Industries went 

out of business, filed for bankruptcy and liquidated its assets. News of the recall had to 

be circulated through the media, or the installing contractor. 

There were two main problems with the furnaces. First, a coating on the burner 

designed for high temperature protection was damaged during the manufacturing process 

. Second, NOx rods added to the furnace burner assembly to meet California's stringent 

The Habitat furnace had a major rupture in the heat 
exchanger, but no sign of flame roll-out 

air-quality standards actually 

radiated heat to the damaged coating 

and the heat exchanger. The NOx 

rods caused heat exchanger 

temperatures to exceed that 

allowable for the materials. Over time, the heat exchanger cracked, and circulating air 
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was allowed to pressurize the heat exchanger and push the flames out of the furnace. 

Combustible material, including wood flooring allowed by Uniform Mechanical Code, 

caught fire and homes were destroyed. 

In a study conducted by the Consumer Product Safety Commission (1999) in 

Washington DC, 96 furnaces were selected at random from the western United States. 

The majority (85 .5 %) of the 100,000 BTU burners with NOx rods had at least some 

degree of heat exchanger cracking. One quarter (25.9%) of the burners were in the final 

stage of full failure. But for the non-NOx rod units, 100% of the burners had no cracking 

How long the furnace lasts before it fails depends on how much it is used. According to 

the study, heat exchangers break NOx rods on the Habitat furnace were clearly fatigued 

down faster in Northern 

California because the weather is 

cooler. 

The furnaces involved in 

the recall were identified by their 

model numbers. The recalled 

Consolidated furnaces had the 

following pattern: HCCIOONDSRX (Grossberg, 2001) 

• HCC stands for Horizontal, Model C and Cold rolled steel exchanger. (Models 

with aluminized steel heat exchangers used the designation "A" instead of "C".) 

• The number 100 is the BTU rating in thousands. The recalled furnaces ranged 

from 40,000 to 100,000 BTU input. 

• N is natural gas. 

• DS is control type. 

56 



• R identifies the use <:>fa relay for blower operation. 

The Gant furnace showed no signs of heat exchanger fatigue, 
but the model number matched the recalL 

• X designates the application ofNox rods. 

The Application 

Between 1987 and 1990 my contracting company, Central Air Contracting and 

Mechanical, installed 14 :furnaces matching the Model number. In all cases, I had records 

on the installations and was 

able to contact the occupants. 

Contact was made either in 

person or by phone ifthe 

original occupant was 

available. Ofthe :furnaces 

installed by my contracting 

company, four had not been 

replaced and were still in operation. They included the following installations: 

The Gant Dance Studio 1345 Belvedere. Riverside, Ca. Installed November, 1989 

Bill Bender Construction 3430 Overlook. Riverside, Ca. Installed November, 1989 

Habitat for Humanity 6231 Evans Street. Riverside, Ca. Installed May, 1990 

Corydon Constructim 1345 Hollyhock. Hemet, Ca. Installed December, 1990 

Ofthe four, only the Gant Dance Studio was occupied by the original owner. The 

Bender, Corydon and Habitat homes had changed owners several times since the 

installation. I contacted the occupants through their address and arranged to inspect the 

:furnaces. All four matched the recall model number. As a resuh, I coordinated the 

replaced ofthe furnaces and charged only for my cost ofmaterial. 
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Of the furnaces replaced, two had ruptured heat exchangers that may have 

resulted in fire and destruction ofthe home. The Bender home showed clear signs of 

flame roll-out on the wood 

platform it was placed on. The 

Habitat house showed no such 

signs even though its heat 

exchanger was ruptured. If space 

permitted, the replacement 

furnaces were hung from the roof 

rafters in order to be isolated 

from combustibles. The 

Corydon and Bender furnaces allowed this type of installation. The Gant and Habitat 
) 

furnaces remained on their wood platforms, as allowed by the Uniform Mechanical Code. 

The Bender replacement furnace was bung away from 
combustible material 

Another concern of 

the recall was exposure to 

carbon monoxide (CO). 

These poisonous fumes could 

enter the home through the 

ruptured heat exchanger. A 

CO test conducted on the 

The Gant attic space was too confined to bang the 
Bender and Habitat homes replacement furnace 

before the recalled furnaces were removed indicated low levels of CO. In the Bender 

home, a peak CO level of 7 parts of CO gas to million parts ofAir (ppm) after 20 minutes 
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ofoperation was recorded. The Habitat home showed a peak CO level of 9 ppm after 20 

minutes. By comparison, residential kitchens with gas stoves will show 3 to 8 ppm of 

CO to air while OSHA standards prohibit worker exposure to more than 50 ppm average 

during an 8 hour time period (Altouse ). 

The Corydon furnace was hung from rafters and hard 
duct attached to the existin~ air distribution system 

Conclusion 

The furnace recall was a 

good sabbatical opportunity. I 

was able to practice methods of 

installation taught in the AIRC 

12 Building Codes class and the 

AIRC 34 Advanced Mechanical 

class. Practicing these methods in an uncontrolled lab environment will aid the teaching 

process. In addition, I was able to explore new methods of energy conservation through 

the installation and testing ofhigh efficiency condensing furnaces. In all four cases, the 

recalled furnaces were rated at efficiencies of 

70% . The Habitat and Gant furnaces were 

replaced with systems in the 80% efficiency 

range. In the case of the Bender and Corydon 

installations, the replacement furnaces were 

rated at efficiencies of94%. In order to achieve 

this level, furnace construction and controls 

have been highly modified from earlier models. 

r\ 

Checking flame conditions for ruptured heat exchanger 
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The opportunity to install and test these furnaces will help teach these new technologies 

in the classroom. 

The Habitat replacement furnace Installing the replacement furnace at the Corydon 
home 

Furnace Replacement Schedule 

Bender Construction 3430 Overlook. Riverside, Ca. Replaced January 8th-I0th 2004 

Habitat for Humanity 6231 Evans Street. Riverside, Ca. Replaced January 15th -17th 2004 

Gant Dance Studio 1345 Belvedere. Riverside, Ca. Replaced February 19th & 20th 2004 

Corydon Construction 1345 Hollyhock. Hemet, Ca. Replaced March 10th & 11 th 2004 
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Southwest Heating and Air Conditioning 

The Background 

Southwest Heating and Air Conditioning, in Ontario, California is a residential 

and commercial contracting and service company. Their services include installing, 

upgrading and repairing comfort cooling systems for both residential and commercial 

markets. My interest in Southwest Heating and Air Conditioning was their involvement 

with The Proctor Engineering Group (PEG), in San Rafael, California. PEG provides air 

conditioning design and energy efficiency evaluations for regional gas and utility 

companies. I worked with Southwest Heating and Air Conditioning in order to learn the 

PEG methods of evaluation and improve my own diagnostic methods used in the 

classroom at Mount San Antonio College. 

) The California Energy Commission (CBC) has long identified air conditioning 

systems as a major source of energy consumption in Southern California. During the 

cooling season, comfort cooling systems place a huge demand on utilities and compete 

for power with manufacturing and life support organizations. According to PEG, much 

of this consumption is due to waste caused by improper refrigerant charge and poor duct 

work installation (Proctor 1991 ). In their study, out of a sample of 175 air conditioning 

systems, 22% ofthe systems sampled were undercharged with refrigerant and 33% were 

over charged. Duct leakage exceeded 150 cubic feet per minute (CFM) in 98% of the 

systems tested. Their report suggests that the manner of equipment installation has a 

greater impact on operating efficiency than the Seasonal Energy Efficiency Rating 

(SEER) assigned to the equipment by the Air Conditioning and Refrigeration Institute 

(ARI). As a result, PEG identified a substantial potential for energy savings by 
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developing a program that systematically checks and adjusts residential and commercial 

air conditioning systems. The adjustments made after the PEG analysis result in 

increased air distribution and equipment efficiency. A 1999 study reported a 13% peak 

savings on air conditioning systems adjusted using the PEG method (Neme ). 

The energy consumption and peak Kilowatt draw are based on the following values: 

• . 7 coincidence factor 

• average size air conditioning unit in 2.5 ton category: 2 tons 

• average size air conditioning unit in 3 to 5 ton category: 3.2 tons 

• average residential air conditioning energy consumption in CBC Climate Zone 15 

• average residential air conditioning energy consumption for 2 ton capacity @ 

3260 kWh and 3.2 ton capacity@5216 kWh. 

• Average system Energy Efficiency Rating (BER) 7 

PEG has developed energy conservation plans with utility companies in 

Massachusetts and Nevada, The Sacramento Municipal Utility District, PG&E and 

Southern California Edison. 

The Application 

Air conditioning contractors participating in the PEG analysis and upgrades are 

required to fulfill eight hours ofPEG specific training. Once completed, the contractor is 

free to market and solicit their services to specified geographic areas of need identified by 

PEG and Southern California Edison. The procedure is trade marked by PEG under the 

name CheckMe!®. 

The participating contractor does not charge the home or business owner for the 

system analysis. The contractor is compensated for this serviced by Southern California 

Edison through PEG. If an upgrade or repair is recommended, however, a proposal is 
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made by the air conditioning contractor and the home or business owner pays for their 

services. 

To perform the initial analysis, the PEG trained technician uses a digital 

thermometer and accurate refrigerant gages to follow a systematic protocol to make 

readings on the air conditioning system. This requires measuring refrigerant superheat, 

subcooling and duct work temperature splits to verify the system operation and 

efficiency. The technician records the results and contacts PEG directly from the job site. 

With the technician on the line, operators with PEG run the numbers through a diagnostic 

data base program. The data base diagnoses problems with refrigerant charge and air 

flow and makes specific recommendations for how the technician should correct the 

problem. The technician then gives the customer price quote on the repairs required to 

improve the efficiency of the air conditioning system. Repairs range from a minor 

refrigerant charge adjustment to major duct work retrofit. The technician and customer 

discuss the cost of the repair to the benefit of the savings. 

If the repairs are made, the unit is re-tested and the readings are submitted again 

to PEG. This report documents the post repair condition and the improvement in 

efficiency. Following the re-test, a certificate of service is sent to the customer. The 

certificate documents the improved efficiency and explains the results. The customer is 

also provided with a survey card to provide feedback to PEG and the utility that 

sponsored the project. 

The PEG Procedure through Southwest Heating and Air Conditioning 

I worked with Southwest Heating and Air Conditioning in April and May of 2003 and 

again in February of2004. From April 14th to April 18th
, I participated in an air 
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conditioning system analysis at the 

First Methodist Church and Nursery 

School in Walnut, CA The analysis 

included the following equipment: 

• two 10 ton 120,000 Btu/hr 

Lennox package heat pumps 

• two 7.5 ton 90,000 Btu/hr 

Lennox split heat pumps 

Two ten ton package units served the sanctuary at 
the First Methodist Church in Walnut. CA. 

• four 3 ton 36,000 Btu/hr Lennox split heat 

pumps 

Following, is one analysis: the 3 ton heat pump 

serving a zone on the nursery school. 

The process began by applying electronic 

thermocouples to the suction and liquid 

refrigerant lines at the outdoor condensing unit. 

Two 3 ton air conditioners are checked for saturation The system was then operated in the cooling 
temperatures, superheat and subcoolin~. 

mode. With manifold gages attached to the refrigerant lines, data was collected from the 

condensing unit that included saturation temperatures, sensible superheat and subcooling 

temperatures of the refrigerant. This information was required to determine if the system 

had the proper refrigerant charge and was operating efficiently. The process continued 

by measuring the treatment ofair as it passed across the evaporator coil. This was 

achieved by drilling holes in the supply and return air plenums, inserting thermometers 

and recording the dry bulb and wet bulb temperatures. 
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Once all temperatures and 

readings were taken, we 

reported them to a PEG 

operator for analysis. 

If the refrigerant charge and 

airflow was correct, PEG and 

SCE would issue the Methodist 

Church a verification Service Manager Ralf Kies prepares to measure wet and 
dry bulb temperatures across the air handler. 

certificate indicating proper 

operation and no expense would be incurred on that system. If the air flow or refrigerant 

charge was not correct, Southwestern would sell the customers on the required repairs 

and then retest the equipment. 

The results of the tests 

on the equipment serving one 

zone on the day care 

indicated a system problem 

involving the refrigerant 

charge. This was determined 

by calling in the data from 

the initial reading to a PEG 

representative. This data is 

indicated in region A on the Air Conditioner Data Entry Form. 

The insulation is removed and the duct sealed based on PEG 
procedure. 
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.. 
{ ) CheckMe!· Air Conditioner Data Entry Form 

CALL 1-(877)-243-2563 Toll Fres for Data Entry or Ta&halcal Help~.,... ~ 
Se /labia E!J,alfal-

jCustomer mt 2- 4 11. C,J.\- Zip q 11 ~9 I 
Program: 
New Install: □ Yes ?No Title 24: □ Yes □ No 

CPUC Customer lnlormatloa: 
5YNot Avail.• Utnity Acct # 

• Tenant status: s?°Gwner □ Renter/l.essj!e 
• Tenant Full Name: 

Contractm: So.J1"h w ~<;, .\- Tecb m: 54'2.0 
AC Information: Apt/Space/Suite I ___ AC#___ 

• Customer has signed a~t''. - , 

• Language preference: ~Isl 
Area A indicates the initial• Mobile Home: □ Yes · . o 

D Dog Data Compressor I ___ 
531'nitial Test □ Too Low to Test □ Test After Repair 

Co1111111rcta1 Jobs: # o1,en;iploy,ee data required to determine 

Test Information: refrigerant charge and system 
Customer lntomatloa: Minutes AC running: Before Jnfi~ operation. 

First & LastN~ 1 l 1 / 1 , 
orGompany _,j:-- t:f~t l'."li.:"f ½O.•:l\o/f CV\v1"L"I\ 

Since Repalt ·--~-.-
Refrigerant Type: [il"R-22 D R-410a 
TrueFlow Meter. □ Yes □ NoAttn: ________________ High Side Port: □ Yes □ No 

Property Location: I 1 
Address :Lolaol l,;.. Pv{, "' V Ro"-.a.1 
City Wv-\V\v.\- StateC.4 Zip ___ 

Metering D Non-n<V (superheat) 
Device Type: □ n<V/Lennox t,lon-TXV ~sub-cooling) 

511.ennox ncv (approach 
Tatol!! <:!lih' • -"M~ f~n'nrMtth 

Phone {.9Q:L) 5"f 4 -- 't~l.=18....-""'-- ---
Ta11peratB111s/PJ8SSllres: lnltlalTal ': ~,!.rt,:• 

First & Last Name= 
or Company :::,JC\ WJ f 

Mall-To (If different): Condenser Air Entering Temp Be., V 

Return Air Wet Bulb Temp lol:l = 
Attn : __________ _ _ ___ _ Return Alr Ory Bulb Temp (tl-
Address _____ _ _________ 

City _ _ ___ ___ State __ Zip ___ 

Phone { 

Supp_ly Air Dry Bulb Temp £,_j-
Suction Line Temo A h8u 
Evaoorator Saturation Temp • • 7,00 
Condenser Saturation Temp 10s v 

Outdoor Unlllnfo: Make L ~VW\.O f 

Model' -==---------- □ Not Legible 
Capacity :fb..i0 ~ ,0 btu/hr 
AG Type: ~ ill □ Package 
Year Manufactured:_______ □ Not Legible 

Liquid Line Temp ~,.o 
Suction (low sidel Pressure 155-D$1$. 
mscharae lhiah side) Pressure ?-IO~i"I 

.. 3±~:i.'."J ~ ·•--.r
AC llo1llinal Tons: 

;naFlcnr MRS11n1111Bats: lnltht TIIIII ~ 
Dog Data (measured values from existing unit): Normaf Sunniv,Pressure 
Amps Volts Phase TrueAow Test Supply Pressure 

TrueAow Plate Number 14 20 14 20Tltl11 24 Info: Serial #_____ _ _____ 
TrueRow Plate Pressure 

Calibration Dates: Gauge Thermometer TrueRow Plate Measured Airflow 

INITIAL TEST / TEST AFTER REPAIR RESULTS 
Refrigerant Charge: (circle one) • Undercharge / Undercharge • Correct / Correct • Overcharge / Overcharge 
Aclual Superheat / Subcooling / Approach / Target Superheat / Subcoollng/Approacb 

Airflow: (circle) • Low Airflow I Low Airflow , Correct Airflow / Correct Airflow , Low Temp Drop / Low Temp Drop 
If Temp. Split Method: Actual Temperature Drop ___ / ___ Target Temperature Drop ___ / ___ 
If TrueRow Method: Airflow (reported by GheckMe!): Initial clnl/1on Aller Repairs clnl/1on 

IE AREPA IR WAS MADE: Faclory Stamped Refrigerant Charge: Pounds__ Ounces__ D Not Legible 
Refrigerant Charge Adjustment: Actual Ounces Added__ Actual Ounces Removed __ 

Alrflow Correction: (chBck all applicable) □ Opened Registers □ Cleaned/Replaced Riter □ Changed Blower Speed 
Cl Cleaned Blower □ Gleaned Evaporator Coil □ Modttied Ducts 

c2003 Proctor Enginee,Jng Group, Rev 10/14/03 
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Evaporator Saturation Temperature from the Suction Line Temperature. Based on the 

Data Entry Form, superheat on this system is 38°. The Target Superheat, however, can 

Table 1: Target Superheat (Suction Line Temperature - Evaporator Saturation Temperature) 

R.ium /IJrWll,&ulb T•,,,_...,.. rFJ
IT---' 

OU 01 -~ :,;, ... 00 "" Of ... 08 OU 111 "" 53 114 "" "" "' "' H IU ,1 ,:, IJ t• 75 ,., 
55 8,8 10,1 ,o 12.8 14 ,2 "· ,...., ,u.u ;c-1 .::, = 1:£•..a = ~ .a ~.• 31.u °lRA IJf, 39.0 40.2 41.5 ,.77 43.9 ,.,.,n 

¾ 8.8 9.9 11 .2 12.6 1 ◄ .0 15A 18,8 18,2 19.7 21.2 22.7 24.2 25.7 27.3 28.9 30.5 31.8 
33.2 ' 

.6 35.9 37.2 38.6 39..7 41.0 42.2 43.4 44,6 
8.3 9,8 11.0 12.3 13.7 15.1 16.5 17.9 19,4 20.8 22.3 23.8 25.3 26.8 28.3 29.9 31.3 32.8 ~ .o 35.3 38.7 38.0 39.2 40.5 41.7 43.0 44.2

511 7.9 9.3 10.6 12,0 13.4 14.8 18..2 17.8 19.0 20.4 21.11 23.3 24,8 28.3 21.e 29.3 30.7 32.1 3 5 34.8 38.1 37,5 38.7 40.0 41.3 42.5 43.7 
59 7.5 8.9 10.2 11 ,8 13.0 14..C 16.8 17.2 18.8 20.0 21.4 22.9 24.3 25.7 27.2 28.7 30.1 31.5 ,, 9 34.3 35.8 38,9 38,3 39,5 40.8 42.1 43.3 
7io 7.0 8,4 9.8 11.2 12.8 14,0 16A 18.8 18.2 19.8 21.0 224 23.8 25.2 28.8 28.1 29.8 31.0 4 33,7 35.1 38.A 37.8 39.1 40.4 41.8 42.9 

*
11.5 7.9 9.3 10.7 12;1 13.6 14.9 18,3 17.7 19.1 120.1 21.11 23.3 24.7 211.1 127.5 29.0 30.4 ,8 33.2 34.8 35.9 ,37.3 38.B 139.9 41.2 42A 
e.o 7.4 8.8 10.2 11.7 13.1 14.5 15.9 17.3 18.7 20.1 21.4 22.8 24.2 25.5 27.0 28.4 29.9 1, ,3 32.7 34,1 35.4 38.8 38.1 39.4 40.7 42,0 
5.3 8.8 8.3 9.7 11.1 12.8 14.0 15.4 18.8 18.2 19.8 20.9 22.3 23.6 25.0 26.4 27.8 29.3 .7 32.2 33.8 34.9 38.3 37.7 39.0 40.3 41 .6 

8 .1 7.8 9.1 10.8 12.0 13.6 1 ◄ .9 18.3 17.7 1110 20.4 21 .7 23.1 24.4 25.11 27.3 28.7 .2 
Ii:' :T 5A 7.0 u 10.0 11.S 12.9 14.3 1_5..8 17.1 18.5 19,9 21.2 22.5 23.8 25.2 2a.T 28.2 .7 

tti 
. a,J TJ/J V.3 lu.o 1:t.3 IJ,11 ,~.2 1111.6 111.0 19.3 120., 122.0 123.2 124.6 211.1 27,6 11 Tables 1 and 2 are provided to. 5.5 7.1 8.7 10.2 11.7 13.2 14.8 18.0 17.4 18.8 20.1 21.4 22.7 24 1 25.8 27.1 ll 6 . . 8.3 8.0 9.5 11.1 12.8 14,0 15.5 16.8 18.2 19.5 20.B 22.1 23.5 25.0 28.5 Il · o determine system performance

'it . 5.5 7.2 8.8 10.4 11.9 13.4 14.8 16.3 17.8 19.0 20,3 21.5 22.9 24.4 28.0I l .5 
~ . . . 6A 8.1 97 11.2 12.7 14.2 15.7 17.0 16.4 19.7 20.9 22.3 ~Q 25.4 .0 prior to calling PEG operator.... ..ll.. 5.8 7.3 8.9 10.s 12.1 13.8 15.0 18.4 17.B 19.f 20.3 21.7 23.3 24.9 j,I 

*l * 
. . . 6.4 8.1 9.8 IU 12.9 14.4 15.8 17.2 18.5 19.7 21.2 22.8 24.3 I' 9 
. . . 5.8 7:J 9.0 10.7 12.2 13.7 15.2 18.8 17.9 19.2 20.8 22.2 23.8 Il .4 26.8 28.5 30.0 31.5 33.1 34.8 38.0 37.5 

St: 'V . . . 8.5 11.2 8.9 11.5 13.1 14.5 15.9 17.3 18.8 20.0 21 .8 23.2 Il .a 26.4 28.0 29.5 31.1 32.8 34.1 35.6 37.1 

l rn- . . . 5.8 7.4 9.2 10.8 12.4 13.9 15.3 18.7 18.0 19.4 21.1 22.7 .3 25.9 27.5 29.1 30.8 32.2 33.7 35.2 38.7 

'" . . ti.ti 11.4 1U,1 11 ., 13.2 '14.1 116.1 11.4 18,U ·20.~ lz:t.1 ,...... " ·" 1211.U 1au.1 31.1 3J.3 30.tl :111.3 

I . . . . . 5.7 7.5 9.3 11 .0 12.5 14.0 15.4 16.8 18.3 20.0 21.8ll 2 2A.9 28.$ 28.1 29.7 31 .3 32.8 34.4 38.0 . . . . . . 6.7 6.5 10.2 11.8 13.4 14.8 16.2 17.7 ,s., 21.1 Il 7 24.4 28.0 27.8 29.2 30.8 32.4 34,0 35.6 . . . . . 5.9 7.7 9.5 11.1 12.7 14.2 15.8 17.1 ,a.a 20.Sll .2 23.8 25.5 27.1 28.8 30.4 32.0 33.8 35.2 
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be found on the table below based on the conditions the air conditioning system is 

operating under. In this case, the target superheat is 19°. Since the actual superheat 
Table 2-Requlred Liquid-Line Temperature 

PRESSURE (PSIG) REQUIRED SUBCOOLING TEMPERATURE ("f.l.__ 
AT SERVICE FITTING 0 5 10 15 I 20 I 25 

134 76 71 66 61 51 
141 79 74 69 64 • i. 54 

148 82 77 72 67 57 
156 85 80 75 70 60 
163 88 83 78 73 63 
171 91 86 81 76 66 
179 94 89 84 79 69 
187 97 92 87 82 72 
196 100 95 90 85 75 

-2llS_ 103 98 93 88 78 
1 214 I 86 I 81 
£23'" 109 104 99 94 -~ 84 
233 112 107 102 97 92 87 
243 115 110 105 <nn ru; 90 

253 118 113 108 
264 121 116 111 Actual subcooliog on the Data Entry 
274 124 119 114 Form appears normal to the 
285 127 122 117 required subcooliog on Table 2297 130 125 120 
309 133 128 123 
321 136 131 126 121 116 111 
331 139 134 129 124 119 114 
346 142 137 132 127 122 117 
359 145 140 135 130 125 120 
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is considerably higher than expected, this may indicate a starved evaporator on the low 

side of the air conditioning system. More information is required. The next step was to 

analyze the subcooled conditions of the refrigerant as it exited the condenser. 

Again, specific numbers from the Air Conditioner Data Entry Form were applied to 

Table-2 made available through PEG. 

According to Table-2, subcooling exiting the condenser was within range. As a 
-- ·••- •Jr• · ,__, ..........,,.,,.,.,.••vu 1,\·• \VUV vuu1PIV/ 

~ennox TXV (approach) 

TargeJ Sub-cooling/Approach result, it appeared the low side of the system 
TmpamllfllS/Pnlssures: 
Condenser Air Entering Temp was starved of refrigerant while the high side 

was operating normally. The result of these 

conditions was a lack ofcooling. While this 

type of air conditioner is expected to remove 

Detail of the Air Conditioner Data Entry 20° of sensible temperature between the 
Form shows the new operatinl!; conditions. 

supply and return air, this system was only 

removing 15°. These symptoms would not be solved by simply adding or removing 

refrigerant. The problem was a restriction in the refrigerant metering device attached to 

the evaporator coil. When this occurs, refrigerant remains on the high side of the system 

and does not flow to the low side. With larger condenser surface areas, the problem may 

not show up on the high side of the system until the conditions became extreme. Our 

diagnosis was confirmed by calling the PEG operator. As a result, the refrigerant was 

recovered, the restriction removed and the system was put back in operation. 

The diagnostic process, repair and retest of this system lasted 4.5 hours. By the 

end of the week, Southwestern Heating and Air Conditioning had applied the PEG 

process to all the air conditioning equipment at the First Methodist Church. In addition to 
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the restriction found on the day care system, others were low on refrigerant and one 

required modifications to the duct work. First Methodist Church was given a proposal to 

repair or modify the other systems on their campus and the work was performed 

incrementally, based on available funding. 

Application of the Pressure - Enthalpy Diagram 

Plotting the conditions from the Air Conditioner Data Entry Form to a Pressure -

Enthalpy (P.E.) diagram helps identify the value ofthe PEG process. 

The P. E. diagram identifies the conditions ofthe refrigerant as it cycles through the 

components ofan air conditioner or 

refrigeration system. Since the air 

conditioning industry has long known the 

state ofrefrigerant at each point in the cycle, 

abnormal conditions show clearly on P .E. 

diagram, when they exist. The information 

required to plot the cycle include the 

following conditions taken from an 

operating system: 
The metering device is often deep in the 
equipment and diff"icult to repair. 

_ 

• the condensing temperature 

• the evaporating temperature 

• subcooling exiting the condenser 

• superheat entering the compressor 

Each value is available from the Air Conditioner Data Entry Form and transferable to the 

P.E. diagram. Below, is the refrigeration cycle plotted on a PE diagram but taken from 

the original Data Entry Form. 
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Pressure-Enthalpy Diagram 

,000 ..,., 

A = Refrigerating effect in the evaporator in 
Btu/lb of refrigerant circulated: 73 Btu/lb 
B = Btu/lb of superheated refrigerant 
circulated: this is of no benefit: 6 Btu/lb 
C = Btu/lb generated through the heat of 
compression: directly related to horsepower 
requirements: 15 Btu/lb 

From the P.E. diagram, the following information is available: 

Mass flow rate required: m = 200/RE 

Where: m = amount of refrigerant circulated in lbs per minute. 
200 = Btu per minute per ton of refrigeration. 
RE= Btu absorbed into the evaporator per minute ( area A on the P.E. 

diagram). 

2.74 lbs circulated per minute= 200/73 

Horsepower requirements: Hp. = (H.C. X m) / 42.42 

Where: Hp. = horsepower required to achieve the plotted conditions. 
H.C. = Heat of compression ( area C on the P.E. diagram). 
m = amount of refrigerant circulated in lbs per minute. 
42.42 = Btu per minute per horsepower . 

. 97 Horsepower per ton= (15 X 2.74) / 42.4 

Coefficient of Performance: COP = RE/H.C. 

Where: COP= Coefficient ofPerformance 
RE = Btu absorbed into the evaporator per minute ( area A on the P .E. 

diagram). 
H.C. = Heat of compression ( area Con the P.E. diagram). 
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4.87 COP= 73/15 

After the restriction to the metering device was removed and the refrigerant weighed 

back in, the new conditions were applied to the Air Conditioner Data Work Sheet and 

called into a PEG operator. PEG confirmed that the system was operating within its 

design parameters and a verification certificate was issued to First Methodist Church. 

Southwest Heating and Air Conditioning applied the new numbers from the Data Entry 

Form to a P.E. Diagram for comparison. 

Pressure-Enthalpy Diagram 

, o too 

l f :..+ 

"FREON-22" 
RF' r- 'fH,l l<.aN , 

l(11, (II.I.T i., fl l • • • ( JjlllOP T , B , :11Dli'J1 l f-<-1'-l.,'--.,J 
0\IOLU WE , ,11,, CUILITT, ,. ..._ ,,_.,,- y • .-; 

A = Refrigerating effect in the evaporator in 
Btu/lb of refrigerant circulated: 75 Btu/lb 
B =Btu/lb of superheated refrigerant 
circulated: this is of no benefit: 4 Btu/lb 
C = Btu/lb generated through the heat of 
compression: directly related to horsepower 
requirements: 11 Btu/lb 

From the Revised P.E. diagram, the following information is available: 

Mass flow rate required: m=200/RE 

Where: m = amount of refrigerant circulated in lbs per minute. 
200 = Btu per minute per ton of refrigeration. 
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RE= Btu absorbed into the evaporator per minute ( area A on the P.E. 
diagram). 

2.67 lbs circulated per minute= 200/75 

Horsepower requirements: Hp. = (H.C. X m) / 42.42 

Where: Hp. = horsepower required to achieve the plotted conditions. 
H.C. = Heat ofcompression ( area Con the P.E. diagram). 
m = amount of refrigerant circulated in lbs per minute. 
42.42 = Btu per minute per horsepower. 

.69 Horsepower per ton = (11 X 2.67) I 42.4 

Coefficient of Performance: COP= RE/H.C. 

Where: COP= Coefficient ofPerformance 
RE= Btu absorbed into the evaporator per minute ( area A on the P.E. 

diagram). 
H.C. = Heat of compression ( area Con the P.E. diagram). 

6.82 COP = 75/11 

Summary of Performance Changes 

Before Repair After Repair Change 
Mass Flow Rate 2.74 2.67 -3% 
Horsepower Requirements .89 .69 -29% 
Coefficient ofPerformance 4.86 6.82 40% 

Conclusion 
The California Energy Commission has long identified air conditioning systems as a 

major source ofenergy consumption on the nation's power grid. During the cooling 

season, comfort cooling systems place a huge demand on utilities and compete for power 

with all other electrical consumers. The Procture Engineering Group has found 

opportunity in this problem by developing the Checkme!® process of air conditioning 

diagnosis. Through a grant from utility companies, PEG covers the cost of the initial 

service call to residential and commercial customers. The participating contractor 

communicates the operating conditions to a PEG operator who then determines if the 
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., system requires modification. Income from all repairs goes to the contractor and nothing 

is shared with PEG or the utilities. 

The day care system at First Methodist church exceeded the average savings in 

the Neme study (1999). This savings may not have been possible if the PEG Checkme!® 

program was not in place. Residential and commercial customers are more likely to 

allow the service ifthere is no initial cost for the service call and the program is 

sanctioned by their local utility. 

The negative side ofthe PEG Checkme!® program is that it takes trouble 

shooting skills away from the contractor and service technician. In this program the 

operating conditions are analyzed by a third party and the diagnosis is then given to the 

technician working on the job site. As a result, I do not feel I improved my diagnostic 

skills by working with the PEG system. I did, however, confirm the methods we teach in 

the AIRC Department at Mount San Antonio College. I feel the successful students of 

our program are able to make any diagnosis I encountered without the aid ofa PEG 

operator. 

Service manager, RaH Kies, performs PEG Checking the electrical windings of a hermitic 
procedure compressor 
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Riverside Refrigeration 

The Background 

Riverside Refrigeration is a commercial contracting and service company. Their 

services include installing, upgrading and repairing commercial and institutional systems 

for existing manufacturing plants, schools, hospitals and vintage buildings. My interest 

in Riverside Refrigeration was their participation in system design for retrofit 

applications. This includes the replacement and upgrade ofexisting air conditioning 

systems in established buildings, often ofhistorical status. In addition, I was interested in 

their involvement in automation and the use ofCPC controls and their knowledge ofthe 

Lon Works system ofcommunication between building automations systems and their 

associated controlled devices. 

I was not compensated for my work with Riverside Refrigeration and operated 

under my own contractor's license. 

The Application 

My experience with Riverside Refrigeration was very diverse. As a subcontractor 

working under the contractor's license ofDarrow P. Soares, I was awarded jobs that 

ranged from problem warranty calls to boiler retrofits that employees on payroll were 

unable to profitably complete. All ofthese projects were important to me since I found 

value in working with both tools and technology. 

The initial job I worked with was a warranty call on a senior housing project in 

Corona, California The air conditioning system for The Town Meadows was a 

combination ofpackage air conditioning systems and a chilled water system with fan 

coils serving 35 original units built in the early 1970s. The complex had expanded many 
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times since then and the air conditioning was a patchwork of many brands and systems. 

Recently, Riverside had upgraded the chilled water system. The complaint was a lack of 

cooling in a section of the complex serving seven units. It appeared that a loop in the 

chilled water system was starved of water flow. The problem was originally considered a 

control matter, but it quickly evolved into an issue of plumbing design. 

The air conditioning systems at the Town Meadows are controlled by a CPC 

Reflects BCU and roof top ARTCs serving the package air conditioners. The system is 

accessible on site through a 20-key key ad or remotely using the Windows based 

program UltraSite. By viewing the system 

summary screens through UltraSite, all the 

information concerning the roof top and 

chiller controllers was available. Through 

the status screens, the status of each 

component associated with the chiller was Reconfigured fan coils 

specifically viewed. This included the status of each thermostat and diverter valve 

associated with the chilled water coils. By remotely forcing the diverter valves to 

activate, we watched the supply air 

temperature react. What we found was 

that valves in the problem loop were 

operating in reverse of their intended 

purpose. On a call for cooling, water was 

diverted around the coil and when there 

was no demand, the coil had full flow. This had not been an issue earlier since the 
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automation system had put the chilled water system on winter set back. As a result, the 

water temperature was not low enough for the residents to notice the malfunction during 

the mild conditions. 

For two weeks in April of2003, the mixing valves to the troubled fan coil units 

were replaced and the plumbing was 

reconfigured to maximize water flow. The 

difficulty was working in occupied apartments 

where set up and meticulous clean up required 

more time than the actual plumbing. What 

) 

started out as an automation issue, evolved into a retrofit plumbing installation 

demanding extra customer care for elderly residences. 

Another project was a boiler retrofit at the First Congregational Church in down 

town Riverside. The church has been using a low pressure steam boiler system to heat 

the entire structure since 1917. The existing boiler was installed in 1968, but it uses the 

same distribution design from the original installation. 

The boiler is located in the basement of the church. When the boiler fires, it 

produces steam at 15 psig. The steam naturally rises to the upper levels of the church 

were fan coils distribute the heat to various zones. As the heat is dissipated from the fan 

coils, the steam condenses into a subcooled liquid and returns to the boiler to be reheated 

and repeat the cycle. 

According to the Church Sexton, the boiler has been unreliable for many years. 

On a call for heat, the boiler often becomes "water logged" and fails on safety. The 
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sexton has had to drain the boiler down numerous times a week during high heating 

demand conditions, requiring hours ifthe system was cold. 

Preparing to replace a check valve and install a 
condensate pump and receiver 

An analysis ofthe 

system determined the problem. A 

check valve in the condensate return 

line had rusted permanently open. 

This allowed steam at 15 psig to 

enter the condensate return and 

forced the subcooled liquid to back 

up and not return to the boiler. As a 

) 

result, the boiler continuously called for water make up since none was returning through 

the natural process. Once the boiler was shut down at the end ofa church service, the 

boiler pressure would dissipate and all the subcooled water would then return in full force 

and over fill the boiler. On the next call for heat the system would be offon safety. 

The solution was to replace the check valve and install a condensate return pump 

and receiver. The purpose ofthe return pump and receiver was to give the condensate a 

reliable and controlled location to be stored before returning to the boiler. The original 

design held the condensate in the pipes where it was allowed to back up against the check 

valve. With normal water treatment, this may not have been and issue. Nonprofit 

orga.niz.ations, however, are not diligent with scheduled maintenance. The pump and 

receiver was installed and the logging discontinued. 

Other projects with Riverside Refrigeration involved routine maintenance and 

repair ofair conditioning systems and air balance. Through all ofthese projects I gained 
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valuable experience working with both the traditional tools and different automated 

systems. I was also re-exposed to the culture of labor. If I only learned one lesson from 

my experience, it would be my appreciation for my job at Mount San Antonio College. 

Checking the operation of package air conditioner Taking readings for an air balance 
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Honeywell TotalZone 

The Background. 

My interest in zone control for air conditioning stems from my interest in energy 

efficient methods for comfort cooling. I have attended many seminars in zoning 

sponsored by Honeywell controls and have been interested in the concept for many years. 

My interest peaked during my involvement in the Customer Assurance Department at 

Southern California Air Conditioner Distributors (SCACD). After working with 

contractors and answering their technical questions regarding Honeywell zoned systems, 

I was determined to design and install zone control systems ofmy own. 

The TotalZone System 

The basic principle ofany zone control is to allow one central air conditioning 

system to be controlled by multiple thermostats. With the addition ofzoning, specific 

areas ofbuildings or homes are able to thermally set up or back individual areas based on 

temperature or occupancy. Zone control makes a common air conditioning system more 

efficient by concentrating the unit's capacity only where and when it is needed. Air 

conditioning efficiency can be further increased by downsizing the capacity. Downsizing 

requires a heat load calculation by which the building envelope load is compared to the 

heat load diversity. Ifthe heat load consistently spikes in predictable zones, downsizing 

may be an option. 

In order to successfully accomplish zone control, a rigorous heat load calculation 

must be performed. Then, ifzoning applies, specific components must be added to the 

conventional air conditioning system to achieve zoning. 

79 



The most obvious addition to a rone controlled systems are duct dampers. These 

are electrically driven dampers designed direct air to zones only when called for by a 

zone thermostat. Honeywell designs two 

basic types ofdampers: round for residential 

applications and rectangular for commercial 

installations. Both are non modulating, two 

position dampers, that are power opened and 

spring closed. Supply air dampers are 

designed to be mounted in the supply air duct for low pressure applications. 

Dedicated thermostats control the temperature in each zone. Programmable 

thermostats are most commonly used since they offer options in the form ofenergy 

savings and reduced equipment cycling. These options include four time periods and 

temperature set points for each day schedule and different schedules for each day ofthe 

week. The most impressive feature ofprogrammable thermostats is the ability for soft 

temperature recovery. Recovery occurs at the end ofa set back period when the 

thermostat increases the temperature set point from the energy savings to the comfort 

temperature. Recovery requires the equipment to run continuously in order to reach the 

comfort temperature. Over a period ofeight days from installation, the Honeywell 

thermostats like the T8635L, T8601D, and others, adapt from experience. Each time the 

thermostat calls for heating or cooling it checks how closely it hit the recovery target and 

adjusts the next recovery start time accordingly. 1bis saves energy by avoiding cycling 

the equipment and overshooting the comfort temperature. 
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The zone control panel is the nerve center of a zone controlled system. The zone 

panel receives the request from the zone thermostat and communicates to the air 

Zone thermostats are connected to the TZ-4 
control panel 

conditioning system and zone 

dampers. Honeywell control panels 

like the TZ-4 and the EMM-3 use 

control logic of first come first serve. 

The first Zone thermostat calling for 

heat or cool is provided with the 

requested mode. Ifanother zone 

, the zone control panel logs the request 

The counter weight is set on the bypass damper 

and will start a timing sequence that will allow the first zone to continue for a maximum 

of20 minutes. Ifthe current call is not satisfied within the 20 minute time period, the 

panel will temporarily terminate the first call; hold that one damper open for a field 

selectable time of2 to 3.5 minutes in order to purge the duct, and then starting the 

opposite call for a maximum of20 minutes, closing the dampers not calling. Most 

conventional zoning systems operate 

in this manner so that a dominant 

call from a zone cannot lock out the 

other zones or master the control 

system. 

By pass dampers are required 

on most conventional zone systems. 

Ifonly one zone is calling for air 

J 
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conditioning, airflow across the evaporator would be reduced to a dangerous level and 

possibly damage the compressor. In the heating mode, low air flow can be just as 

damaging. As a result, provisions must be made to account for low air flow and possible 

mechanical damage in both modes. The 

by pass damper controls excess supply 

air during a single zone call by 

channeling it back to the return air 

plenum. Returning excess supply air 

from the supply plenum to the return air 

is achieved through the use ofa 

barometric relief counterweight or an 

The bypass damper is installed in the supply 
duct to relieve duct pressure durini low loads 

electronic static pressure control. 

In the event of excessive low load conditions, only one zone may call for heat or 

cooling. Under these conditions in the cooling mode, the by pass damper would circulate 

~ 
\...J,~1 •I 

I 

I 
I 
I 

The DATS must be located so that It I 
can properly sense the leaving air \ 
temperature. ' 

I 
NOTE: Mounting the OATS too clON \ 
to lhe Heat exchanger, or ~or 1 
coll will cause exceuive cycling of 1 
the 1ystem and result In discomfort IAir 

Fl -- , _ __ -. for the building occupant■• \ 

...----,__ MountDATSnearcenter _) 
Up Flow of supply plenum at !Op, 

side or end. 

Bypass damper and DAT locations for various duct configurations. 
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cold supply air directly into the return and reduce the loading effect on the evaporator. 

The opposite would occur in the heating mode; hot air from the supply plenum would by 

pass into the return, sending heat exchanger temperatures soaring. As a result, discharge 

air temperature sensors (DATS) are required in by-pass zoning applications. A discharge 

air sensor guards against freeze up ofthe evaporator coil in the cooling mode and 

excessive operating temperatures in the heating mode. 
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Methods of wiring equipment, thermostats, dampers and DAT to TZ4 control panel. References 
include: 1 Terminals for equipment functions. 2 Terminals to zone thermostats. 3 Junctions for zone 
dampers. 4 DIP switch banks 4 and 5 to establish system function. 5 DATS high-limit temperature 
dial. 6 LEDs to indicate mode of operation and zones calling for heat or cool. 
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The TZ-4 has two sets ofDIP switches to adjust for a variety of air conditioning 

applications. It controls up to 3 stages of heat and 2 stages of cool in conventional, heat 

pump, and dual fuel applications. A stand alone TZ-4 is capable of serving two to four 

zones. With the addition ofa T AZ-4 panel, the TZ-4 is capable of handling four more 

zones, up to 32 total zones. 

Example of DIP Switch Settings and Functions for Bank 5 

DIP Switch Function On (Default) OFF 

5-1 System Fuel Type Conventional (Nat Gas) Heat Pump 

5-2 DATS low temperature cut out 
during by-pass mode 

40°F 48oF 

5-3 Indoor fan Purge timing at the 
end ofeach cycle 

Two Minutes Three and one half minutes 

5-4 Method ofpurge control Equipment controlled TZ-4 controlled 

5-5 Damper configuration during 
purge 

Last zone calling open All dampers open 

5-6 Fan control method in heat 
mode 

Fan controlled by TZ-4 in 
cooling mode, by equipment in 

heat mode 

TZ-4 controlling fan in both 
heat and cooling modes 

5-7 Heat pump reversing valve 
controlled by O/B terminal at 

point 1 on TZ-4 

Reversing valve called for in the 
cooling mode through 0 

terminal 

Reversing valve called for in 
the heating mode through B 

terminal 

5-8 Dual fuel: system able to 
switch between natural gas 

and electricity 

Disabled Enabled 

) 

At the end of every call for heat or cool, the panel enters a purge mode. During 

this mode, the panel holds the calling zone damper open for two or three and a half 

minutes based on bank 5 DIP switch settings. During purge, the panel or the equipment 

can be configured to operate the fan. At the end of purge, DIP 5-5 determines the 

configuration of the dampers: all open or only last-zone-calling remains open. Purging 

maximizes efficiency by utilizing the residual cooling in the evaporator at the end of 

every cycle. Thermostats with adaptive recovery like the Honeywell T8635L, T8601D, 
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adjust for this added cooling effect and control the cycle to reduce over shooting the 

temperature set point. 

The Systems Installed 

Two Honeywell Totalzone controlled air conditioning systems were installed 

during my sabbatical leave under the contractors license ofDarrow P. Soares. The first 

system was installed, at my cost ofinstallation, for Susan E. Sawyer in Riverside 

California. The second system was designed and installed between March and May of 

2004 for the First Congregational Church in Riverside. The Sawyer heat load calculation 

was performed in February of2003, with the installation beginning soon after and lasting 

until the last week ofMarch 2003. I performed the Sawyer installation alone. The 

exception to this occurred during demolition ofthe original equipment and duct work. I 

required additional help again in order to set the replacement furnace and condensing 

unit. 

The purpose of installing a zoned air conditioning system in this home was to 

improve comfort. There was a concern that one large air conditioning system was heating 

and cooling all areas ofthe home, 24 hours a day. Since the occupant was a single 

person, it made sense to design a system that applied air conditioning to areas only when 

and where they were occupied. 

Energy savings was a second reason. Ifthe entire capacity ofthe air conditioning 

system was focused on only the occupied zone(s), it would stand to reason that the 

system run time would be reduced and utility consumption would fall. The risk in this 

assumption, however, is the possibility oflow latent heat removal. In order to control 
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humidity for comfort cooling, air conditioning systems require long run cycles rather than 

short. 

Following is a summary ofthe system design and heat load calculation for the 

system installed for Susan E. Sawyer. 
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Job:Building Analysis Date: February 2003 
Entire House By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Desi n Conditions 
Location: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 
Latitude: 34°N 

Outdoor: Heating
Dry bulb (°F) 36 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

Cooling
98 
29 ( H 
68 
7.5 

Indoor: 
Indoor temperature (°F) 
Design TD (°F) 
Relative humidity (%) 
Moisture difference (gr/lb) 

Infiltration: 
Method 
Construction quality 
Fireplaces 

Heating
70 
34 
30 

22.3 

Simplified
Average
2 (Average) 

Cooling
75 
23 
50 

-8.0 

Heatin 

Component Btuh/ft2 Btuh % of load 

Walls 3.1 9203 25.3 
Glazing 22.0 6344 17.5 
Doors 16.4 2985 8.2 
Ceilings 1.3 2641 7.3 
Floors 0.5 1187 3.3 
Infiltration 3.9 10580 29.1 
Ducts 3383 9.3 
Piping a a.a 
Humitiification 0 a.a 
Ventilation a a.a 
Adjustments a 
Total 36323 100.0 

\ 
J 

Coolin 

Component Btuh/ft2 Btuh % of load 
Walls 2.0 6097 16.7 
Glazing 41.5 11960 32.7 
Doors 14.5 2633 7.2 
Ceilings 2.3 4841 13.2 
Floors 0.4 803 2.2 
Infiltration 1.3 3578 9.8 
Ducts 6663 18.2 
Ventilation 0 a.a 
Internal gains a a.a 
Blower a a.a 
Adjustments 0 
Total 36576 100.0 

Overall U-value = 0.095 Btuh/ft2-°F 

WARNING: suspicious slab-on-grade floor perimeter in Day side. 

} ~ wr1ghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 13:47:45 
~ ~ C:'My Documents\Wrlghtsoll HVAC\Sawyer-2.rrp Cale= MJ8 Orientation= N Page 1 
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Job:Buildin9 Analysis Date: February 2003 
Nightslde By: Darrow P. Soares 

Sabbatical Project 

1Mo1mt San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Desi n Conditions 
Location: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 
Latitude: 34°N 

Outdoor: Heating
Dry bulb (°F) 36 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

Cooling
98 
29 ( H 
68 
7.5 

) 

Indoor: 
Indoor temperature (°F)
Design TD (°F) 
Relative humidity(%) 
Moisture difference (gr/lb) 

Infiltration: 
Method 
Construction quality 
Fireplaces 

Heating
70 
34 
30 
8.3 

Simplified
Average 
2 (Average) 

Cooling
75 
23 
50 

-8.0 

Heatin 

Component Btuh/ft2 Btuh % of load 
Walls 3.1 2958 31.4 
Glazing 19.4 2093 22.2 
Doors 0.0 0 0.0 
Ceilings 1.1 507 5.4 
Floors 0.6 345 3.7 
Infiltration 3.9 2633 28.0 
Ducts 877 9.3 
Piping 0 0.0 
Humidification 0 0.0 
Ventilation 0 0.0 
Adjustments 0 
Total 9413 100.0 

...., 

Coolin 

Component Btuh/ft2 Btuh % of load 
Walls 2.1 1972 14.6 
Glazing 65.9 7122 52.9 
Doors 0.0 0 0.0 
Ceilings 1.7 798 5.9 
Floors 0.4 234 1.7 
Infiltration 1.3 890 6.6 
Ducts 2454 18.2 
Ventilation 0 0.0 
Internal gains 0 0.0 
Blower 0 0.0 
Adjustments 0 
Total 13469 100.0 

Overall U-value = 0.091 Btuh/ft2-°F 

Data entries checked. 

! \ ~ wr1ghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 13:47:45 
'~ACc,.. C;\My Documents\Wrightsoft HVAC\Sawyer-2.rrp Cale = MJ8 Orientation = N Page2 
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Component Btuh/ft2 Btuh % of load 

Walls 
Glazing 
Doors 
Ceilings 
Floors 
Infiltration 
Ducts 
Piping
Humiaification 
Ventilation 

3.1 
20.4 
13.3 

1.0 
0.5 
3.9 

2841 
1795 
650 
847 
449 

3132 
998 

0 
0 
0 

26.5 
16.8 
6.1 
7.9 
4.2 

29.2 
9.3 
0.0 
0.0 
0.0 

Adjustments 
Total 

0 
10712 100.0 

Job:Building Analysis Date: February 2003 
Day side By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Desi n Conditions 
Location: Indoor: Heating Cooling 

Riverside, March AFB, CA, US Indoor temperature (°F) 70 75 
Elevation: 1539 ft DesiQn 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 2 (Average) 

J 

Heatin 

Don ...... 

Coolin 

Comoonent Btuh/ft2 Btuh % of load 
Walls 1.9 1713 11.8 
Glazing 78.0 6867 47.2 
Doors 12.8 627 4.3 
Ceilings 1.6 1332 9.2 
Floors 0.3 304 2.1 
Infiltration 1.3 1059 7.3 
Ducts 2651 18.2 
Ventilation 0 0.0 
Internal gains 0 0.0 
Blower 0 0.0 
Adjustments 0 
Total 14553 100.0 

Overall U-value = 0.081 Btuh/ft2-°F 

WARNING: suspicious slab-on-grade floor perimeter in Bath 1. 

} ,;;:;. wr1ghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1313:47:45 
'--"'ACo. C:Wly Documents\Wrightsoft HVAC\Sawyer-2.rrp Cale= MJ8 Orientation= N Page3 
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Job:Building Analysis Date: February 2003 
Upstairs By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Desi n Conditions 
Location: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 
Latitude: 34°N 

Outdoor: Heating
Dry bulb (°F) 36 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

Cooling
98 
29 ( H ) 
68 
7.5 

Indoor: 
Indoor temperature (°F) 
Design TD (°F} 
Relative humidity{%) 
Moisture difference {gr/lb) 

Infiltration: 
Method 
Construction quality 
Fireplaces 

Heating 
70 
34 
30 
8.3 

Simplified
Average
2 (Average) 

Cooling 
75 
23 
50 

-8.0 

Heatin 

Component Btuh/ft2 Btuh % of load 
Walls 3.1 1856 22.5 
Glazing 30.6 1836 22.2 
Doors 0.0 0 0.0 
Ceilings 1.7 1166 14.1 
Floors 0.6 51 0.6 
Infiltration 3.9 2586 31.3 
Ducts 770 9.3 
Piping 0 0.0 
Humidification 0 0.0 
Ventilation 0 0.0 
Adjustments 0 
Total 8265 100.0 

) 

Coolin 

Component Btuh/ft2 Btuh % of load 
Walls 2.0 1223 10.8 
Glazing 77.3 4638 40.8 
Doors 0.0 0 0.0 
Ceilings 3.6 2521 22.2 
Floors 0.4 35 0.3 
Infiltration 1.3 875 7.7 
Ducts 2069 18.2 
Ventilation 0 0.0 
Internal gains 0 0.0 
Blower 0 0.0 
Adjustments 0 
Total 11360 100.0 

Overall U-value = 0.102 Btuh/ft2 
- °F 

Data entries checked. 

) ~ wr1ghtsC>ft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-13 13:47:45 
'--1 J4CCll,. C:\My Oocuments\Wrightsoft HVAC\Sawyer-2.rrp Cale= MJ8 Orientation= N Page4 
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Job:Building Analysis Date: February 2003 
Formal Rm. By: Darrow P. Soares 

Sabbatical Project 

IMount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Desi n Conditions 
Location: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 
Latitude: 34°N 

Outdoor: Heating
Dry bulb (°F) 36 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

Cooling
98 
29 ( H 
68 
7.5 

) 

Indoor: 
Indoor temperature (°F) 
Design TD (°F) 
Relative humidity(%) 
Moisture difference (gr/lb) 

Infiltration: 
Method 
Construction quality 
Fireplaces 

Heating
70 
34 
30 
8.3 

Simplified 
Average
2 (Average) 

Cooling
75 
23 
50 

-8.0 

Heatin 

Comoonent Btuh/ft2 Btuh % of load 
Walls 3.1 1547 19.5 
Glazing 19.4 620 7.8 
Doors 17.6 2335 29.4 
Ceilings 1.1 121 1.5 
Floors 0.6 341 4.3 
Infiltration 3.9 2230 28.1 
Ducts 739 9.3 
Piping 0 0.0 
Humiaification 0 0.0 
Ventilation 0 0.0 
Adjustments 0 
Total 7933 100.0 

) 

Coolin 

Comoonent Btuh/ft2 Btuh % of load 
Walls 1.7 866 13.5 
Glazing 33.1 1060 16.5 
Doors 16.3 2161 33.6 
Ceilings 1.7 190 3.0 
Floors 0.4 231 3.6 
Infiltration 1.3 754 11.7 
Ducts 1172 18.2 
Ventilation 0 0.0 
Internal gains 0 0.0 
Blower 0 0.0 
Adjustments 0 
Total 6435 100.0 

Overall U-value = 0.121 Btuh/ft2-°F 

Data entries checked. 

) ..:::. wr1ghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1313:47:45 
'-......,/ .ACQ.. C:\My Ooouments\Wrfghlsoft HVAC\Sawyer-2.rrp Cale= MJ8 Orientation= N Pages 
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Job#: 
Performed by Darrow P. Soares for: 

Susan E Sawyer 
4204 Homewood Ct 
Riverside, CA 92506 

Sabbatical Project 

Mount San Antonio College 
February 2003, 

Scale: 1 : 147 

Page 1 
Right-Suite Residential 

5.9.37 RSR31228 
2004-Sep-13 13:43:26 

C:\My Documents\Wrightsoft HVAC ... 
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Upstairs Study 

Job#: Scale: 1 : 147Sabbatical Project 
Performed by Darrow P. Soares for: Page2 

Right-Suite Residential Mount San Antonio College 
Susan E Sawyer 5.9.37 RSR31228 February 2003, 

4204 Homewood Ct 2004-Sep-13 13:43:26 
Riverside, CA 92506 C:\My Documents\Wrightsoft HVAC ... 
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AED Assessment Job: 
Date: February 2003 

Entire House By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Design Conditions 
Location: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 

Indoor: 
Indoor temperature (°F) 
Design TD (°F) 

Heating 
70 
34 

Cooling 
75 
23 

Latitude: 34°N 
Outdoor: 

Dry bulb (°F) 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 

Heating 
36 

15.0 

Cooling 
98 
29 ( H ) 
68 
7.5 

Relative humidity(%) 
Moisture difference (gr/lb) 

Infiltration: 
Method 
Construction quality 
Fireplaces 

30 
22.3 

Simplified 
Average 
2 (Average) 

50 
-8.0 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 

) 

2,000 

0 ~---t------,t----+-- ---t---+----+---+-- ---;----1--------t----t-----1 
8 9 10 11 12 13 14 15 16 17 18 19 20 

Hour of Day 
~ Aven,ge / AED ln-11 

Maximum hourly glazing load exceeds average by 26.1 %. 

House has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: OBtuh 

~ wr1ghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1313:47:45 

___) ~ C:\My Documents\Wrightsoft HVAC\Sawyer-2.rrp Cale= MJB Orientation= N Page 1 
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AED Assessment Job: 
Date: February 2003 

Day side By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Design Conditions 
Location: 

Riverside, March AFB, CA, US 
Indoor: 

Indoor temperature (°F) 
Heating 

70 
Cooling 

75 
Elevation: 1539 ft Design TD (°F) 34 23 
Latitude: 

Outdoor: 
Dry bulb (°F) 

34°N 
Heating 

36 
Cooling 

98 

Relative humidity (%) 
Moisture difference (gr/lb) 

Infiltration: 

30 
8.3 

50 
-8.0 

Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

29 
68 
7.5 

( H ) Method 
Construction quality 
Fireplaces 

Simplified 
Average 
2 (Average) 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 

5,50 

3,50 

3,00 

6,00u-,-,~-----------------------------

) 
2 
::, 

1!!. 
u 
m 
.Q 
g, 
]j 
Cl 2,500 

2,000 

1,500 

1,000 

50 

0 
8 9 10 11 12 13 14 15 16 17 18 19 20 

Hour of Day 
, H<uly , AV9fBge / AED l rrit 

Maximum hourly glazing load exceeds average by 21.0%. 

Zone has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: O Btuh 

~ wnghtsoft: Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1313:47:45 
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AED Assessment Job: 
Date: February 2003 

Night side By: Darrow P. Soares 

Sabbatical Project 

Mount Sao Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Design Conditions 
Location: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 

Indoor: 
Indoor temperature (°F) 
Design TD (°F) 

Heating 
70 
34 

Cooling 
75 
23 

Latitude: 34°N Relative humidity (%) 30 50 
Outdoor: 

Dry bulb (°F) 
Heating 

36 
Cooling

98 
Moisture difference (gr/lb) 

Infiltration: 
8.3 -8.0 

Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

29 
68 
7.5 

( H ) Method 
Construction quality 
Fireplaces 

Simplified 
Average 
2 (Average) 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 
7,000 

0 ~ ------------- ---+-------<>----+-------<>----+----i---t-----1 

8 9 10 11 12 13 14 15 16 17 18 19 20 

Hour of Day 
-' Average / AEDimit 

Maximum hourly glazing load exceeds average by 36.5%. 

Zone does not have adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: 294 Btuh 

~ wr1ghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1313:47:45 

__)~ C:\My Documents\Wrightsoft HVAC\Sawyer-2.rrp Cale= MJB Orientation= N Page2 
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AED Assessment Job: 
Date: February 2003 

Upstairs By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Design Conditions 
Location: 

Riverside, March AFB, CA, US 
Indoor: 

Indoor temperature (°F) 
Heating 

70 
Cooling 

75 
Elevation: 1539 ft Design TD (°F) 34 23 
Latitude: 

Outdoor: 
Dry bulb (°F) 

34°N 
Heating 

36 
Cooling 

98 

Relative humidity(%) 
Moisture difference (gr/lb) 

Infiltration: 

30 
8.3 

50 
-8.0 

Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

29 
68 
7.5 

( H ) Method 
Construction quality 
Fireplaces 

Simplified 
Average 
2 (Average) 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 
5,000 

0 ~--+---t---+----il---t----i- --t-----t---t-----t---+-----i 

B 9 10 11 12 13 14 15 16 17 1B 19 20 

Hour of Day 
,' Average / AEOlrril 

Maximum hourly glazing load exceeds average by 44.3%. 

Zone does not have adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: 456 Btuh 

s. WrlQhtSOft Right-Sutte Residential 5.9.37 RSR3122B 2004-Sep-1313:47:45 
~ ~ C:\My Oocuments\Wrightsoft HVAC\Sawyer-2.rrp Cale= MJB Orientation = N Page4 
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AED Assessment Job: 
Date: February 2003 

Formal Rm. By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Design Conditions 
Location: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 

Indoor: 
Indoor temperature (°F) 
Design TD (°F) 

Heating 
70 
34 

Cooling 
75 
23 

Latitude: 
Outdoor: 

Dry bulb (°F) 

34°N 
Heating 

36 
Cooling

98 

Relative humidity(%) 
Moisture difference (gr/lb) 

Infiltration: 

30 
8.3 

50 
-8.0 

Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

29 
68 
7.5 

( H ) Method 
Construction quality 
Fireplaces 

Simplified 
Average 
2 (Average) 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 
1,200 

0 ~---+---t---+---t---+-------,,-----1-------,,-----t------i---+----i 
8 9 10 11 12 13 14 15 16 17 18 19 20 

Hour of Day 
, Houty , Average / AEDlrnl 

Maximum hourly glazing load exceeds average by 22.1%. 

Zone has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: OBtuh 

~ wr1ghtsoft Right-Suite Residential 5.9.37 RSR31228 2004-Sep-1313:47:45 J ACc,i,. C:\My Documents\Wrightsoft HVAC\Sawyer-2.rrp Cale= MJB Orientation= N Page5 
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Component Constructions Job: 
Date: February 2003 

Night side By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Design Conditions 
Location: Indoor: 

Riverside, March AFB, CA, US 
Elevation: 1539 ft 

Indoor temperature (°F) 
Design TD (°F) 

Latitude: 34°N Relative humidity(%) 
Outdoor: 

Dry bulb (°F) 
Heating 

36 
Cooling 

98 
Moisture difference (gr/lb) 

Infiltration: 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

29 
68 
7.5 

( H ) Method 
Construction quality 
Fireplaces 

Heating Cooling 
70 75 
34 23 
30 50 
8.3 -8.0 

Simplified 
Average 
2 (Average) 

Construction descriptions Or Area U-value lnsulR Htg HTM Loss Clg HTM Gain 
(II') (Btuh/fP-"F) (ff2-"F/Btuh} (Btuhtn') (Btuh) (Btuh/fl') (Btuh) 

Walls 
12C-0sw: Wood stud frame, siding or stucco, no board insulation, n 172 0.091 13.0 3.09 532 1.76 302 

) 

R-13 cavity insulation e 64 0.091 13.0 3.09 198 1.37 88 
s 156 0.091 13.0 3.09 483 1.60 250 
w 172 0.091 13.0 3.09 532 3.74 643 
all 564 0.091 13.0 3.09 1745 2.28 1283 

Partitions 
12C--Osw: Wood stud frame, siding or stucco, no board insulation, 392 0.091 13.0 3.09 1213 1.76 688 
R-13 cavity insulation 

Windows 
1 D-c2ow: Operable, clear glass, wood frame, 2 pane n 28 0.570 0.0 19.4 543 33.1 928 

s 52 0.570 0.0 19.4 1008 63.5 3301 
w 28 0.570 0.0 19.4 543 103 2893 
all 108 0.570 0.0 19.4 2093 65.9 7122 

Doors 
(none) 

Ceilings 
168-30ad: Ceiling under vented attic, no radiant barrier, dark 466 0.032 30.0 1.09 507 1.71 798 
shingles, R-30 insulation 

Floors 
19C-19cscp: Carpeted floor over tight enclosed crawl, R-11 wall, 598 0.049 19.0 0.58 345 0.39 234 
R-19 blanket 

~ wr1ghtsoft Right-Su~e Residential 5.9.37 RSR31228 2004-Sep-13 13:47:46 
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Job:Component Constructions Date: February 2003 
Day side By: Darrow P. Soares 

Sabbatical Project 

Mount San Antonio College, February 2003, 

Pro·ect Information 

For: Susan E Sawyer 
4204 Homewood Ct, Riverside, CA 92506 

Design Conditions 
Location: Indoor: 

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

Outdoor: 
Dry bulb (°F) 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 

Heating 
36 

15.0 

Cooling
98 
29 ( H ) 
68 
7.5 

Moisture difference (gr/lb) 
Infiltration: 

Method 
Construction quality 
Fireplaces 

Heating 
70 
34 
30 
8.3 

Cooling 
75 
23 
50 

-8.0 

Simplified 
Average 
2 (Average) 

Or Area U-value lnsulR Htg HTM Loss Clg HTM GainConstruction descriptions 
(112) (Btuhlft'-"F) (112-'F/Btuh) (Btuh/11') (Btuh) (Btuhlft') (Btuh) 

Walls 
12C-0sw: Wood stud frame, siding or stucco, no board insulation, n 127 0.091 13.0 3.09 394 1.76 224 

) 

R-13 cavity insulation e 248 0.091 13.0 3.09 767 1.37 341 
s 175 0.091 13.0 3.09 541 1.60 280 
w 112 0.091 13.0 3.09 347 3.74 419 
all 662 0.091 13.0 3.09 2049 1.91 1264 

Partitions 
12C-Osw: Wood stud frame, siding or stucco, no board insulation, 256 0.091 13.0 3.09 792 1.76 450 
R-13 cavity insulation 

Windows 
1 D-c2ow: Operable, clear glass, wood frame, 2 pane e 48 0.570 0.0 19.4 930 93.5 4486 

s 32 0.570 0.0 19.4 620 63.5 2031 
all 80 0.570 0.0 19.4 1550 81 .5 6518 

1 A-c1 ow: Operable, clear glass, wood frame, 1 pane n 8 0.900 0.0 30.6 245 43.6 349 

Doors 
1100: Wood door, solid core, no storm s 49 0.390 0.0 13.3 650 12.8 627 

Ceilings 
168-30ad: Ceiling under vented attic, no radiant barrier, dark 826 0.032 30.0 1.02 847 1.61 1332 
shingles, R-30 insulation 

Floors 
19C-19cscp: Carpeted floor over tight enclosed crawl, R-11 wall, 882 0.049 19.0 0.51 449 0.34 304 
R-19 blanket 

~ wnghtsoft Right-Sutt.e Residential 5.9.37 RSR31228 2004-Sep-1313:47:46J .W. C:\My Documents\Wrightsoft HVAC\Sawyer-2.rrp Cale= MJB Or1entatlon = N Page4 
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The second system installed under the contractor's license ofDarrow P. Soares 

was at the first Congregational Church in Riverside, California. The heat load calculation 

was performed in March of2004, with the installation beginning in April and was 

completed and tested on May 9th 2004. Again, I performed the installation alone. I hired 

temporary help only during demolition and I used voluntary help to set the furnace and 

condensing unit. 

The existing system serving the upstairs offices was only used sporadically, even 

though it served the entire zone with no consideration of occupancy. If a single office or 

the conference room was occupied for a meeting, the air conditioner would condition the 

entire upstairs zone, even though all other rooms were vacant. The purpose of installing 

the zoned system was to improve comfort and reduce utility cost. Zoning based on 

occupancy appeared to be a good application. As a result, the zoned system installed was 

dedicated to the upstairs section of offices based on occupancy. Based on the heat load 

calculation, the equipment capacity was reduced and cooling and heating was focused on 

the areas of use. 

Following is a summary of the system design and heat load calculation for the 

system installed for The Congregational Church in Riverside. 

J 
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Component Btuh/ft2 Btuh % of load 
Walls 
Glazing
Doors 
Ceilings 
Floors 
Infiltration 
Ducts 
Piping
Humiclification 
Ventilation 
Adjustments 
Total 

3.0 
19.3 
0.0 
1.7 
3.3 
4.4 

3554 
3080 

0 
2294 
4607 
4870 
1390 

0 
0 

394 
0 

20189 

17.6 
15.3 
0.0 

11.4 
22.8 
24.1 

6.9 
0.0 
0.0 
2.0 

100.0 

Building Analysis 
Entire lfouse 
Sabbatical Project 

Mount San Antonio College, March 2004, 

Job: 
Date: 
By: 

Pro·ect Information 

For: First Congregational Church 
Riverside, CA 

Desi n 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 

'. 

Heatin 

Coolin 

Component Btuh/ft2 Btuh % of load 
Walls 1.3 1610 11.0 
Glazing 25.7 4112 28.2 
Doors 0.0 0 0.0 
Ceilings 2.1 2935 20.1 
Floors 0.0 0 0.0 
Infi ltration 1.4 1537 10.5 
Ducts 2021 13.8 
Ventilation 267 1.8 
Internal gains 2120 14.5 
Blower 0 0.0 
Adjustments 0 
Total 14603 100.0 

Overall U-value = 0.097 Btuh/ft2-°F 

Data entries checked. 
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Job:Building Analysis Date: 
Office Space By: 

Sabbatical Project 

.- --._)Mount San Antonio College, March 2004, 

Pro·ect Information 

For: First Congregational Church 
Riverside, CA 

Location: 
Riverside, March AFB, CA, US 
Elevation: 1539 ft 
Latitude: 34°N 

Outdoor: Heating
Dry bulb (°F) 36 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

Desi n Conditions 
Indoor: 

Indoor temperature (°F) 
Design TD (°F} 
Relative humidity(%) 

Cooling Moisture difference (gr/lb) 
98 Infiltration: 
29 ( H ) Method 
68 Construction quality 
7.5 Fireplaces 

Heating 
70 
34 
30 
8.3 

Simplified 
Average
0 

Cooling
75 
23 
50 

-8.0 

Heatin 

Component Btuh/ft2 Btuh % of load 
Walls 
Glazing
Doors 
Ceilings 
Floors 
Infiltration 
Ducts 
Piping 
Humidification 
Ventilation 
Adjustments 
Total 

3.0 
19.4 
0.0 
1.7 
2.7 
4.4 

1265 
1163 

0 
1043 
1715 
1813 
529 

0 
0 
0 
0 

7527 

16.8 
15.4 
0.0 

13.9 
22.8 
24.1 
7.0 
0.0 
0.0 
0.0 

100.0 

'" , 

Coolin 

Component Btuh/ft2 Btuh % of load 
Walls 1.1 478 8.4 
Glazing 42.2 2532 44.2 
Doors 0.0 0 0.0 
Ceilings 2.1 1334 23.3 
Floors 0.0 0 0.0 
Infiltration 1.4 572 10.0 
Ducts 807 14.1 
Ventilation 0 0.0 
Internal gains 0 0.0 
Blower 0 0.0 
Adjustments 0 
Total 5724 100.0 

Overall LI-value= 0.088 Btuh/ft2-°F 

Data entries checked. 
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Building Analysis 
Youth 
Sabbatical Project 

Job: 
Date: 
By: 

Mount San Antonio College, March 2004, 

Pro·ect Information 

For: First Congregational Church 
Riverside, CA 

Desi n Conditions 
Location: Indoor: 

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

Outdoor: Heating Cooling Moisture difference (gr/lb) 
Dry bulb (°F) 36 98 Infiltration: 
Daily range (°F) 29 ( H ) Method 
Wet bulb (°F) 68 Construction quality 
Wind speed (mph) 15.0 7.5 Fireplaces 

Heatin 

Component Btuh/ft2 Btuh % of load 
Walls 3.0 2289 18.7 
Glazing 19.2 1918 15.6 
Doors 0.0 0 0.0 
Ceilings 1.7 1251 10.2 
Floors 3.9 2892 23.6 
Infiltration 4.4 3057 24.9 
Ducts 862 7.0 
Piping 0 0.0 
Humidification 0 0.0 
Ventilation 0 0.0 
Adjustments 0 
Total 12268 100.0 

) 

Coolin 

Heating
70 
34 
30 
8.3 

Simplified
Average 
0 

Cooling
75 
23 
50 

-8.0 

Component Btuh/ft2 Btuh % of load 
Walls 1.2 917 7.2 
Glazing 53.7 5367 42.0 
Doors 0.0 0 0.0 
Ceilings 2.1 1601 12.5 
Floors 0.0 0 0.0 
Infiltration 1.4 965 7.6 
Ducts 1800 14.1 
Ventilation 0 0.0 
Internal gains 2120 16.6 
Blower 0 0.0 
Adjustments 0 
Total 12770 100.0 

Overall U-value = 0.103 Btuh/ft2-°F 

WARNING: suspicious slab-on-grade floor perimeter in Youth Room. 
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AED Assessment 
Entire House 
Sabbatical Project 

Job: 
Date: 
By: 

Mount San Antonio College, March 2004, 

Pro·ect Information 

For: First Congregational Church 
Riverside, CA 

Design Conditions 
Location: Indoor: 

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

Outdoor: Heating Cooling Moisture difference (gr/lb) 
Dry bulb (°F) 36 98 Infiltration: 
Daily range (°F) 29 ( H ) Method 
Wet bulb (°F) 68 Construction quality 
Wind speed (mph) 15.0 7.5 Fireplaces 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 
7,00 

) 

Heating 
70 
34 
30 
8.3 

Simplified 
Average 
0 

Cooling 
75 
23 
50 

-8.0 

0 ~--t---t----t---t----t------ie----+-------,~--+-------,---+------1 
8 9 10 11 12 13 14 15 16 17 18 19 20 

HourofDay 
, Hou1y , Average / AED l rrlt 

Maximum hourly glazing load exceeds average by 16.0%. 

House has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: oBtuh 
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AED Assessment 
Office Space 
Sabbatical Project 

Mount San Antonio College, March 2004, 

Job: 
Date: 
By: 

Pro·ect Information 

For: First Congregational Church 
Riverside, CA 

Design Conditions 
Location: Indoor: 

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

Outdoor: Heating Cooling Moisture difference (gr/lb) 
Dry bulb (°F) 36 98 Infiltration: 
Daily range (°F) 29 ( H ) Method 
Wet bulb (°F) 68 Construction quality 
Wind speed (mph) 15.0 7.5 Fireplaces 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 

Heating 
70 
34 
30 
8.3 

Simplified 
Average 
0 

Cooling 
75 
23 
50 

-8.0 

0 ~--+----t----+----t----+--------,1-----+-------,----+-------,----+-------i 
8 9 10 11 12 , 13 14 15 16 17 18 19 20 

Hour of Day 
, Average / AEDlmlt 

Maximum hourly glazing load exceeds average by 15.8%. 

Zone has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: O Btuh 
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AED Assessment Job: 
Date: 

Youth By: 

Sabbatical Project 

1
Mount San Antonio College, March 2004, 

Pro ·ect Information 

For: First Congregational Church 
Riverside, CA 

Design Conditions 
Location: Indoor: 

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

Outdoor: Heating Cooling Moisture difference (gr/lb) 
Dry bulb (°F) 36 98 Infiltration: 
Daily range (°F) 29 ( H ) Method 
Wet bulb (°F) 68 Construction quality 
Wind speed (mph) 15.0 7.5 Fireplaces 

Test for Ade uate Ex osure Diversi 

Hourly Glazing Load 

) 

Heating 
70 
34 
30 
8.3 

Simplified 
Average 
0 

Cooling 
75 
23 
50 

-8.0 

0 '----+---l----+------jl----+------j----!------j-- --l-----+----1------1 

B 9 10 11 12 13 14 15 16 17 18 19 20 

Hour of Day 
, Hoi,ly , Average / AED l rnl 

Maximum hourly glazing load exceeds average by 25.9%. 

Zone has adequate exposure diversity (AED), based on AED limit of 30%. 

AED excursion: 0 Btuh 
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Job#: 
Performed by for: 

Sabbatical Project Scale: 1: 88 
Page 1 

First Congregational Church 
Mount San Antonio College 

March 2004, 
Right-Suite Residential 

5.9.37 RSR31228 
2004-Sep-13 14:04:31 

Riverside, CA C:\My Documents\Wrightsoft HVAC\L... 
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Project Summary 
Entire House 
Sabbatical Project 

Mount San Antonio College, March 2004, 

Job: 
Date: 
By: 

Pro·ect Information 

For: First Congregational Church 
Riverside, CA 

Notes: Performed as part of a Sabbatical Project for the AIRC Department at Mount San Antonio 
College 

Desi n 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 f\umidity 50 % 
Moisture difference -8 grnb 

Heating Summary Sensible Cooling Equipment Load Sizing 
Structure 18405 Btuh Structure 14336 Btuh 
Ducts 1390 cfm Ducts 2021 Btuh 
Central vent (11 cfm) 394 Btuh Central vent (11 cfm) 267 Btuh 
Humidification 0 Btuh Blower 0 Btuh 
Piping 0 Btuh AED excursion 0 Btuh 
Equipment load 20189 Btuh Use manufacturer's data n 

Rate/swin~ multiglier 1.03 
Infiltration Equipmen sensi le load 15041 Btuh 

Method Simplified Latent Cooling Equipment Load Sizing 
Construction quality Average
Fireplaces 0 Structure 469 Btuh 

Ducts -130 Btuh 
Heating Cooling Central vent (11 cfm) -57 Btuh 

Area (ft2) 1377 1377 Equipment latent load 282 Btuh 
Volume (fP) 11016 11016 
Air changes/hour 0.75 0.35 Equipment total load 15323 Btuh 
Equiv. AVF (cfm) 138 64 Req. total capacity at 0.70 SHR 1.8 ton 

Heating Equipment Summary Cooling Equipment Summary 
Make n/a Make Carrier 
Trade Trade WeatherMate 38CKG 
Model Cond 38CKG03030 

Coil CK5A/CK5BW036+58CV(A,X)090-16 
Efficiency 80AFUE Efficiency 11 SEER 
Heating input 0 Btuh Sensible cooling 20300 Btuh 
Heating output 0 Btuh Latent cooling 8700 Btuh 
Temperature rise 0 °F Total cooling 29000 Btuh 
Actual air flow 811 cfm Actual air flow 967 cfm 
Air flow factor 0.041 cfm/Btuh Air flow factor 0.067 cfm/Btuh 
Static pressure 0.08 in H2O Static pressure 0.08 in H2O 
Space thermostat Load sensible heat ratio 0.98 

Printout certified by ACCA to meet all requirements of Manual J 8th Ed. 
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Component Constructions 
Entire House 
Sabbatical Project 

'Mount San Antonio College, March 2004, 

Job: 
Date: 
By: 

Pro·ect Information 

For: First Congregational Church 
Riverside, 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 

Construction descriptions Or Area 
(fl') 

U-value 
(Btuh/fP-"F) 

lnsulR 
(IP-"F/Btuh) 

Htg HTM 
(Btuh/11') 

Loss 
(Bluh) 

Clg HTM 
(Btuh/11') 

Gain 
(Btuh) 

Walls 
12B-2bw: Wood stud frame, brick veneer, R-2 foam board, R-11 
cavity insulation 

n 
e 
s 
w 
all 

292 
168 
352 
124 
936 

0.086 
0.086 
0.086 
0.086 
0.086 

13.0 
13.0 
13.0 
13.0 
13.0 

2.92 
2.92 
2.92 
2.92 
2.92 

854 
491 

1029 
363 

2737 

1.33 
1.33 
1.33 
1.33 
1.33 

389 
224 
469 
165 

1248 

Partitions 
12C-0sw: Wood stud frame, siding or stucco, no board insulation, 
R-13 cavity insulation 

264 0.091 13.0 3.09 817 1.37 363 

Windows 
1 D-c2ow: Operable, clear glass, wood frame, 2 pane; 50% blinds 
45°, medium; 50% outdoor insect screen; 1.5 ft overhang 
1 D-c2ow: Operable, clear glass, wood frame, 2 pane; 50% blinds 
45°, medium; 50% outdoor insect screen 

1 D-c2ow: Operable, clear glass, wood frame, 2 pane; 50% blinds 
45°, medium; 1.5 ft overhang 
1 E-c2fw: Fixed sash, clear glass, wood frame, 2 pane; 50% drapes, 
medium; 50% outdoor insect screen; 1.5 ft overhang 

n 

n 
e 
all 
s 

s 
w 
all 

12 

48 
24 
72 
16 

40 
20 
60 

0.570 

0.570 
0.570 
0.570 
0.570 

0.560 
0.560 
0.560 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

19.4 

19.4 
19.4 
19.4 
19.4 

19.0 
19.0 
19.0 

233 

930 
465 

1395 
310 

762 
381 

1142 

17.1 

17.1 
46.2 
26.8 
19.0 

17.6 
48.7 
27.9 

205 

819 
1108 
1927 
303 

703 
974 

1676 

Doors 
(none) 

Ceilings 
16C-19al: Ceiling under vented attic, no radiant barrier, light shingles, 
R-19 insulation 

1377 0.049 19.0 1.67 2294 2.13 2935 

Floors 
22A-tpl: Tile covered slab on grade, light dry soil, No edge insul, No 
horiz insul 

137 0.989 0.0 33.6 4607 0.00 0 
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Component Constructions 
Office Space 
Sabbatical Project 

Mount San Antonio College, March 2004, 

Job: 
Date: 
By: 

Pro·ect Information 

For: First Congregational Church 
Riverside, CA 

Design Conditions 
Location: Indoor: 

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

Outdoor: Heating Cooling Moisture difference (gr/lb) 
Dry bulb (°F) 36 98 Infiltration: 
Daily range (°F) 
Wet bulb (°F) 
Wind speed (mph) 15.0 

29 ( H ) 
68 
7.5 

Method 
Construction quality 
Fireplaces 

Heating Cooling 
70 75 
34 23 
30 50 
8.3 -8.0 

Simplified 
Average 
0 

Construction descriptions Or 

Walls 
12B-2bw: Wood stud frame, brick veneer, R-2 foam board, R-11 n 
cavity insulation e 

s 
all 

-J,artitions 
12C-0sw: Wood stud frame, siding or stucco, no board insulation, 
R-13 cavity insulation 

Windows 
1 D-c2ow: Operable, clear glass, wood frame, 2 pane; 50% blinds n 
45°, medium; 50% outdoor insect screen e 

all 

Doors 
(none) 

Ceilings 
16C-19al: Ceiling under vented attic, no radiant barrier, light shingles, 
R-19 insulation 

Floors 
22A-tpl: Tile covered slab on grade, light dry soil, No edge insul, No 
horiz insul 

Area 
(112) 

216 
68 
64 

348 

80 

48 
12 
60 

626 

51 

U-value 
(Btuh/f\2.."F) 

0.086 
0.086 
0.086 
0.086 

0.091 

0.570 
0.570 
0.570 

0.049 

0.989 

lnsulR 
(112-"F/Btuh) 

13.0 
13.0 
13.0 
13.0 

13.0 

0.0 
0.0 
0.0 

19.0 

0.0 

Htg HTM Loss 
(Btuh/1\2) (Bluh) 

2.92 632 
2.92 199 
2.92 187 
2.92 1018 

3.09 248 

19.4 930 
19.4 233 
19.4 1163 

1.67 1043 

33.6 1715 

Clg HTM 
(Bluh/1\') 

1.01 
0.99 
0.80 
0.97 

Gain 
(Btuh) 

219 
67 
51 

338 

1.76 141 

28.3 
97.7 
42.2 

1359 
1173 
2532 

2.13 1334 

0.00 0 
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Section Three 

Educational Activities 
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Air Conditioning Contractors of America Certification to Teach Manual J 8 
for Heat Load Calculations 

Los Angeles, California 
January 26-28 

Air Conditioning Contractors of America 
c.tlflN that 

'Darrow Soares 

has successfully completed the Manual J™8 Instructor Certification Program 
and is qualified to teach the concept and theory of MJ8 residential load calculation. 

President 

January27, 2003 

Course date -Ace~ 
Background 

The Air Conditioning and Refrigeration Department at Mount San Antonio 

College committed to become certified to teach Manual J-8 by The Air Conditioning 

Contractors ofAmerica (ACCA). From January 5th through the 7th
, two faculty members 

and I attended a seminar to prepare us for this certification in Orlando, Florida. This 

seminar was hosted by the ACCA national office in Arlington VA. and taught by the text 

book's author, Hank Rutkowski. I re-attended the ACCA certification for instructors in 

Los Angeles from January 27tlt through the 29th
• 
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Application 

The January 6th seminar was so poorly planned and executed that the other Mt. 

SAC faculty members and I left the seminar on day two to work on Manual J-8 by 

ourselves. We returned, however, on day three for the closing and to pick up the exam 

required for certification. ACCA required the exam be returned within 60 days. We 

worked on the exam for the duration ofour stay and on the flight back to California. 

Since the Orlando seminar was presented so poorly, I decided to re-attend later 

that month in Los Angeles. My hope was that the ACCA office from San Francisco, and 

a different instructor, would clarify the changes in Manual J-8 and I could submit the 

exam by the deadline. 

The seminar was hosted by the ACCA office in San Francisco and taught by the 

author, H. Rutkowski. The Los Angeles presentation had not changed from that in 

Orlando, even though I was told a different method would be presented. I did, however, 

remain for the entire presentation. At the conclusion ofthe Los Angeles session. I was 

convinced that the work the other faculty members and I did in our Orlando hotel room 

was far more valuable than attending the seminar. As a result, I decided that ifl were to 

submit the exam by the deadline, I would have to research the organization ofManual J-8 

on my own. I submitted the exam in February and received my results in March. 
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The Essential Partner 
For Contractor Excellence 

Air Conditioning Contractors of America 

2800 Shirlington Road • Suite 300 • Arlington.VA 22206 • (703) 575-4477 • Fax: (703) 575-4449 

March 20, 2003 
Darrow Soares 
3866 Westwood Dr 
Riverside, CA 92505 

Dear Darrow , 

Congratulations on successfully completing the Manual J8th Edition Instructor 
Certification Program. Enclosed is your certificate. Also enclosed is a form entitled 
Manual JS Training Certification which authorizes ACCA to add your name to the list of 
ACCA Authorized Instructors of MJ8. This list will be provided to the ACCA 
membership and chapters as well as made available on the ACCA web site. For 
consistency, authorized trainers are asked to follow the enclosed outlines for level 1,2, 
and 3 Contractor Courses. ACCA will supply blank certificates to authorized trainers to 
provide to graduates. 

Thank you for participating in the MJ8 Instructor Certification Program, if you 
have any questions about the program, please feel free to call. 

Chris Hoelzel 
VP Business Development and Marketing 
703-824-8851 
Chris.Hoelzel@acca.org 

A Federation of 60 State and Local Affiliated Organizations 
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Honeywell Controls Seminar 
Heating and Cooling Supply Riverside, California 

February 17, 2003. 

Honeywe ----~ 
The Background 

My interest in zone control for 

FORCED AIR ZONING 
SYSTEM DESIGN MANUAL 

air conditioning grew during my 

sabbatical involvement with the 

A Comprehensive Manual for the Appllcation and 
Selection of Honeywell Forced Air Zoning Systems Customer Assurance Department at 

Southern California Air 

HONEYWELL 
Zoning Systems 

Selection Guide and Design Manual 

BY JOHN ' 
NATIONAi 

The tempetatul'e 

... when 

Conditioner Distributors 

(SCACD) in January of 2003. 

While working with technicians 

and answering their technical 

questions regarding the Carrier 

Comfort Zone systems, I 

realized I wanted more practical 

experience with zoning. This 

would only come through the 

design and installation of zone 

control systems of my own. 

The Application 

I attended the Honeywell seminars on zone control in order top design my own 

sytems. During my experience at SCA CD it became clear that my knowledge of the 

subject was not adequate to comfortably assist contractors with their technical questions 

116 



.

or design my own systems later. I chose the Honeywell training based on its affordability 

and my relationship with the supplier, Heating and Cooling Supply. In addition, it 

appeared Honeywell was eager to work with me as a contractor new to zoning and a 

teacher at the community college. By attending the February 1ih training, I was able to 

develop a relationship with John Edwards, the National Field Sales Zoning Leader for 

Honeywell Controls. I communicated with Edwards often during the design phase of the 

systems I installed. He proved to be a valuable resourse. 

In addition to the February 1ih training, I attended a repeat seminar in Anaheim 

in March of 2003 and a demonstration installation in Moreno Valley in April of 2004 

conducted by John 
Honeywell 

Edwards. 
TZ•4 TotalZone® Zone Control Panel 
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Air Handlers for Energy Management Systems 
Irwindale, CA 
March 5, 2003 

The Background 

Participant
Workbook 

The purpose of this 

seminar was to explore 

energy efficient methods of 

air distribution for air 

conditioning systems. The 

seminar compared the utility 

costs of conventional air 

distribution systems 

including constant air volume 

and variable air volume ~EDISON 
~CTAC-~­Darrow Soares methods to technologiesEDISON CTAC ML San Antonio Collage 

using adjustable speed drives 

to control air flow. 

The Application 

In many facilities, air handlers operate 24 hour a day, 7 days a week. Energy 

consumption can be reduced in many different ways, including selecting the proper fan 

type, designing cooling coils with low face velocity, and proper duct design. If these 

factors are properly applied, variable air volume (VA V) flow control of the fan offers the 

next greatest opportunity for savings. Three methods of VAV flow control include outlet 

damper control, variable inlet vane control and variable speed control. 
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If a fan system must operate over a range of capacities, some means of adjusting 

either the fan 

characteristics or the 

system characteristics 

must be provided. System 

changes can be achieved a.,... 
:::, 
U'I 

by inserting gradual outlet U'I 
GI... 

Q. 

damper controls in the ~ 0 

.main duct work. This was .% Volume .. 
:. .the earliest method of air .•. 

120 
volume control and many 

100 

systems are still in 
80 

operation. Unfortunately, ..., 
60

3 
the pressure required on 0 

a. 4(1... 
the fan is higher at ::l 

Q. 20C 

reduced ratings than at a ~ 0 

0 20 40 tiO 80 100 120 uo 160 
design ratings. This is % Votumo 

because the damper increases As air volume is reduced 20%, duct pressure rises 
10%, and power consumption is reduced 10% 

system pressure. But, Savings is 

still achieved since mass flow rate has been reduced. 

Variable inlet vane control offer another method ofvolume control. Inlet vanes 

are controlled by either electric or pneumatic actuators that are controlled by a demand 

120 

10() 

60 

40 

20 

0 
0 20 40 60 100 I]() 140 160 
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for heat or cooling. By placing the vanes before the inlet ofblower, the horsepower 

required by the fan at reduced capacities fall below outlet damper control. 

Variable speed control 

systems using adjustable speed 
12() 

drives (ASDs) take an alternating 

current with a fixed voltage and 80 

frequency, and change it into an 60 

alternating current with 40 

20adjustable voltage and frequency. 

.Motor speed can then be 
0 20 40 60 120 140 160 

¾ Volumeadjusted and coordinated to 

match the exact air flow 
) 

requirements. 

An adjustable alternating 

current voltage and frequency 

supply lets a motor operate at 

many different speeds with about 

the same performance as its 

original speed. ASDs offer the 

benefit of gains in system efficiency, 

precision and reliability. In addition, ASDs allow more efficient and effective use of 

electric power. This in tum reduces energy costs and increases equipment life. 

0 20 40 60 00 100 120 140 160 

% Volume 

Savings are increased with variable inlet control. A 
20% reduction in air volume, results in a 30% 

reduction in power requirements 
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Adjustable speed drives 

,20
have evolved to the point where 

100 
they are now very reliable for 

80 
controlling foreword curved 

60 
induction motors. ASDs are now 

40 

available in applications as little as 
20 

5 horsepower and up to many 
0 

thousand horsepower. ASDs have 

replaced most other methods of 

volume control including DC ,20 

motors, vane control and belt 100 

80driven adjustable speed systems. 

60 

Savings are the greatest with ASDs. 40 
At a 20% reduction in air volume, 
power requirement are cut in half. 

20 

0 

80 100 120 \40 160
0 20 40 60 

% Volume 

l(X) 120 140 160BO0 20 40 60 

% Volume 

Ce-d·at 1 
1C0 pte.tten 

This i1 presented to 

for the successful completioo of Air 

EDISON CTAC 
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Sempra Energy Seminar on Heat Load Calculation . 
March 11th and 12th 2003 

Fullerton, Calif omia. 

CERTIFICATE OF COMPLETION 
The Energy Resource Center certifies that the candidate named below has completed 

the seminar listed and has performed to the center's educational standards. 

AWARDED TO: 

Darrow Soares 
For a,mplellon of 

ACCA Manual J Residential Load Calculation & 
Equipment Selection 

March II. 2003 
6 Hou,-, 

The £nervy Resource Center Is commille<I to providing •nervy c/ecriion-makers 

with Information on th< latesl enero~fficient technologies thro1JQh compnmensiv. 

seminars and workshops led by Industry specialists. 

CERTIFICATE OF COMPLETION 
TIie Eneroy Resource Center certifies that the candklate named below has completed 

tht Nmlm1r !Isled and ha petfofmed to the centen edualtlonal standards. 

AWARDED TO: 

Darrow Soares 
l'oraoplBlia,,af 

ACCA Manual D Resldentl11I Duct Design 
IWMrh IZ, 200,·--

111,Cn«v,Roso<,raCln!Ot/s-tolJ{OridlnO """VYdl!dslon­

"llh ldbrmatlon an !ht lald -v,-e1-.1 twdlnologfls IM>uQh ~SM 

----ledlJtllndt/ltryspKlalsll. 
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The Background 

The purpose Sempra Seminar on Heat Load Calculations was to introduce HVAC 

designers and contractors to the new edition ofthe Air Conditioning Contractors of 

America (ACCA) Manual J-8. In 2001, new standards were imposed by the Public 

Utilities Commission (PUC) on C-20 air conditioning contractors. It required that 

contractors accurately document heat load calculations before applying for installation 

permits. The new rule was a resuh ofthe electrical company's inability to meet 

California energy needs and the trend to oversize air conditioning equipment on homes 

and buildings 

City planning departments began enforcing the standards in 2003 for all 

contractors applying for permits to install any form ofheating, ventilation, or air 

conditioning equipment. As a result, many utility companies offered seminars to 

encourage air conditioning contractors to use the more thorough method ofheat load 

calculation offered by ACCA's Manual J-8. 

The Application 

In January, I started the certification to teach Manual J-8. The new version was 

far more complicated than Manual J-7. The process became more quantitative, used 

more tables and required many more forms. I could not visualize how to present the new 

version in a classroom setting. The logistics ofdemonstrating, in front of students, 

multiple forms at the same time, while moving between numerous tables presented a 

challenge. I attended the seminar, in order to observe Doug Beaman's method of 

presenting the new version ofManual J-8. Beaman is respected instructor in the HVAC 

industry and the first to present this material to technicians and designers. 
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th ual Conference ACCA 35 Ann_ CA 
Palm Spnngs, th 

March 12th -15 ---~~ 

I 
I 

2003 ACCA Annua1 Conference 

Darrow 
Darrow Soares 
Mount San Antonio College . 

R;vers;de, CA 
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Background 

The purpose of the annual Air Conditioning Contractors ofAmerica (ACCA) 

Conference was to bring together contracting businesses that focus on the design, 

installation or maintenance ofair conditioning for comfort cooling. The focus of the 

conference was improving business practices and technical education. This year's 

conference offered four break-out session tracks running concurrently throughout the 

conference. The tracks included commercial contracting, residential contracting, the 

business of contracting and indoor air quality. The conference included over 250 

exhibitors, 55 workshops and 1,200 pre-registered air conditioning contracting firms. 

Application 

I had two intentions for attending the ACCA conference. The NATE technical 

committee was meeting and I hoped to meet with the author ofthe heat loads text book 

currently used in the AIRC Department at Mount San Antonio College. 

I have served on the North American Technical Excellence (NATE) technical 

committee for three years. NATE was formed in 1997 to establish a national skill 

standard for technicians working in the air conditioning industry. The NATE exam 

results in a certification oftechnical knowledge that technicians can display anywhere in 

the United States, Canada, and Mexico. On, Thursday March 13th
, the NATE technical 

committee was reviewing statistics on NATE test validity and methods ofmarketing the 

NATE exam in the western United States. 

On Friday, March 14th the conference hosted the author of the ACCA heat load 

calculation text book, Manual J-8. The author, Hank Rutkowski, originally authored the 

textbook in 1967. In edition eight, Rutkowski greatly increased the sensitivity of the heat 
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load process and added many forms to the procedure. Since I passed the certification to 

teach the new edition in January, this was an excellent opportunity to discuss the changes 

and clarify methods of instruction. 

I attended two sessions of the author's presentation titled Navigating the New 

Manual J 8th Edition: A new Tool For Heat Load Calculations. Since the target 

population was small, the session was held in a conference room. By the second session, 

only two contractors and I met with the author. As a result, the presentation took on the 

form of dialogue. I was able to ask specific questions about the interaction of the text and 

the accompanying software currently used in the AIRC 30 Heat Loads class taught at 

Mount San Antonio College. 

) 

_) 
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58th Annual RSES Educational Conference 
Modesto, CA 

April 10th-12th ,2003 

The Background 

The Refrigeration Service Engineers Society (RSES) was founded in 1933 as a 

CARSES EDUCAT1iiAL CONFERENCE 
TRADE SHOW 

516 

EDUCATIONAL WORK.SH.OP & TRADE snow 
RJL 10. ll 12, 2003 

REI) IJIO H.OTEL 
MODESTO. CALlli'ORNIA 

JIOST5l>B 
•~ll'UIITII' CHAPTER 14.-2S3 

Mouot Sa 
.A 

CIANS 1'0 USF,SCHEMATI DlAORAMS' 
B : ,JilffJOBNS0 

CAR 

DARR.ow so 
QEs Ci\:fsO Alitonio c:011,.,.ea.rirowhead "1§· 

EPTll EDtl¢A.T(O'NAL PROGRAM 
TQPIC 

' P-EAK PERF'ORMANCE WORK HOP" 
BY: JIM SO.Htrl60N 

"'J'ROVBl:$SJIOOXIl)(G CONTROLS• 
B : SCOTI'STRONG 

"MOT0R , D COMPRESSOR rrECRNOLGGr 
B : 1.GRE SGHOCK 

"ttOUBL&SB00TING lTHE AIR SlDEl' 
BY: SCOTI' STRONG. eM 

CilJifornla ssoclation 
Rdrigel'llllon Serivitt: Engineers oclety 

~na - Callf;!!,:niJI - llfevada- Hawaii 

non-profit 

educational society 

serving the "rank and 

file" tradesperson. 

RSES has 

approximately 

20,000 individual 

members, and over 

400 chapters through 

out the United States, 

Mexico and Canada. 

It offered the original 

industry competency 

measure with its 

Certificate Member 

examination in 1935, and now offers six additional Specialist categories. 

RSES conducts educational meetings, seminars, workshops, technical 

qualification and examination programs. Its publications include the monthly RSES 

Journal, and the Service Application Manual (SAM) Manuals. 
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The Application 

I attended the RSES conference to make up for the canceled Copeland compressor 

seminar on March 18th 2003. I chose this meeting because two industry authorities, 

Loren Shuck and Scott Strong were giving presentations on their specialties. In 

addition, I planned to take the RSES Specialist exam in Commercial Refrigeration. 

Shuck's niche is compressor technologies. He gave an excellent presentation on 

the new Copeland scroll compressor technologies. He compared Copeland's scroll 

design with others currently on the market including Danfoss and Mistubishi. 

Copeland's new designs include the digital scroll that unloads incrementally based on the 

cooling demand of the supermarket display cases. Scroll compressors have not been able 

to unload until recently and part load was achieved by de-energizing compressors that 

were installed parallel with numerous other compressors. Scroll and digital scroll 

technology is having a broad effect on supermarket refrigeration by dropping utility costs 

and reducing the number of small compressors required in multi-compressor applications. 

By reducing the number ofcompressors, the cost of controls and the initial manufacturing 

costs are reduced. 

Scott Strong demonstrated his method ofdiagnosing air conditioning system 

problems based on the treatment ofair as it passes across the evaporator. Strong 

introduced software that replaces the manual method used with the psychrometric chart. 

By inputting as few as two variables, a technician can begin troubleshooting system 

problems and possibly avoid major mechanical failures. If a system is set up with remote 

sensors, trouble shooting can occur over the internet with software developed by 

Emerson Electric and CPC controls. 
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The draw back to this method is that it puts the information in the hands of a few. 

Only technicians working behind a computer monitor will have access to the information; 

not technicians working with the tools. This could set a dangerous trend of requiring 

lower skill levels of those working in the field. 

The seminar finished with technical certification. I prepared for technical 

certification in Commercial Refrigeration for over a year. A CMS designation through 

the Refrigeration Service Engineers Society is highly respected in the air conditioning 

industry . I took the exam on Saturday, April 12th and received the results on April 22nd
. 

Refrigeration Service Engineer• Society 
A --E-1AN-. . . 

-- T"""'1/h K-.is,,, lorltlfl U.S. • 1ntemlll!onal HNrfng, -• NrCottdltlonln(/, • ~tt011 /ntf<jS/ty 

INTERNATIONAL HEAOQUAFITERS: 1616 AAND ROAD, DEB Pl.AINES, IWNDIS IIODlll-3652 PHONE: 847 I 29NM84 FAX: 11471287•S031 

URL: hllpt ,,._,,.....OfV E-mall: _.i ■ -.org 

April 22, 2003 

DARROW P SOARES 
3866 WESTWOOO IJRIUE 
RIVERSIDE CA 92504 

Dvar DARROW P SOARES: 

Mv congratulation• ta you an vaur success in passing the 
CM Specialist E1aainatian in Cllf1l'IERCIAL REFRIGERATION. 

A Specialist Plaque will b• forwarded ta gaur Chapter soon 
far presentation ta vou on a &u1tabl • occasion. 

Best Wish•• far vaur continued 1ucce11. 
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Controls for Market Refrigeration 
Reno, Nevada 

May 21 st and 22nd
, 2003 

The Background 

The Air Conditioning and Refrigeration Department at Mount San Antonio 

College teaches refrigeration for markets and grocery stores through the classes 

This 

seminar focused only on 

refrigeration for 

supermarkets and was 

offered by Sporlan Valve 

Company and Emerson­

CPC Controls. Both 

companies are leaders in 

the supermarket 

refrigeration. By 

attending, I had the 

opportunity to maintain 

current knowledge with 

automated controls and 

refrigerant handling 

technologies. In addition, it helped prepare me for technical certification in Market 

Refrigeration Controls through the Refrigeration Service Engineers Society (RSES) at 

their annual meeting in San Diego, California in September, 2004. 

Advanced Mechanical Refrigeration, AIRC 34 and Advanced Electrical, AIRC 31. 

Darrow 
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The Application 

Recently, the AIRC department at Mount San Antonio College designed and built 

a market refrigeration system typical of those used in grocery stores for food storage and 

display. The process has been a work in process for over three years. Our department 

chose Computer Process Controls (CPC) to control the sequence ofoperation and Sporlan 

valves manage the refrigerant. Attending this seminar was valuable. I learned that 

mechanical devices to control refrigerant flow have remained the same in three years, but 

the digital controls installed on our refrigeration rack are already obsolete. 

The advancements in mechanical controls offered by Sporlan Valve focus on oil 

management methods, multi capacity electronic expansion valves and electronic pressure 

control valves. Advances in oil management are a result of our industry's need to work 

with alternative, less stable refrigerants and to design systems that require lower volumes 
) 

of refrigerant. Both of these conditions have influenced the flow of oil though a 

refrigeration system and have created opportunities to improve oil management methods. 

CPC controls are the leader in electronic supermarket control and refrigerant leak 

detection. CPC controls can be found on large parallel refrigeration racks and single unit 

compressor systems for walk-in boxes. CPC controls can now be found controlling 

gasoline pumps, car washes and small ice machines and refrigerators. 

CPC made its mark on the refrigeration industry with the Reflecs RMCC 

controller. The RMCC was very versatile. It operated from a local 20 key keypad with 

an 8 line, 40 character display that allowed the technician on site access. It also 

interacted with windows based software that allowed remote internet communication. 
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The RMCC controlled 22 compressor stages and 48 refrigeration cases. It was the first to 

offer refrigerant leak detection. It was limited, however, in its control strategies. To 

control building loads, contractors often installed additional CPC controllers, including 

the Reflecs BBC for air handlers and boilers and the Reflecs BCU to control package air 

conditioning equipment. 

The CPC Einstein and E2 controllers have far greater capabilities their 

predecessor. These controllers have the capabilities of the RMCC plus the ability to 

control air handlers, building temperature zones, lighting circuits and diverse load 

schedules. 

In addition, CPC has introduced a scaled down controller: the E2 CX. The E2 CX 

is designed for small applications comparable to convenience stores. It affordably 

handles the diverse control and scheduling of lighting, air conditioning, refrigeration 

reach-in boxes, stand alone freezers and gasoline pumps. It also offers remote access and 

alarming through modem dial out. 

The refrigeration rack installed at Mt. SAC uses the CPC Reflects RMCC and 

Sprolan valves. We will not replace the electronic controls in the near future. But, it is 

important to see how CPC products have evolved and the technology in refrigerant flow 

control has remained the same. 

J 
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Section Four 

Conclusion 
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Conclusion 

In my initial sabbatical proposal I stated that: 

I propose to reenter the work environment and culture ofconstruction and 
buildingfacilities management/or air conditioning and refrigeration. This will include 
being involved with the labor and commerce ofat leastfour air conditioning and 
refrigeration contracting companies and at least one organization in facilities 
management. I plan to restore my awareness ofwork culture and study the practical use 
ofnew technologies for building automation and energy management. 

Looking back on my sabbatical experience I can safely say that I've accomplished 

most ofwhat I set out to do. I left the security ofthe community college environment 

and entered the culture ofconstruction and commerce. Although this may sound like a 

lofty goal to base one's sabbatical leave, the differences are acute. In the community 

college system, I feel our biggest challenge is at the beginning ofour employment. First 

we must have the endurance to obtain the qualifications and academic degree to be 

considered for a teaching position. Second, we must demonstrate superior knowledge 

and intellect above others applying with the same credentials. And third, we must please 

our associates for four years. After that, the pressures to perform and be creative are 

mostly intrinsic. 

The world ofconstruction and commerce operate on different rules. Every day 

business owners are faced with the reality ofsuccess or failure. Many have mortgaged 

their personal property to fund their companies; risking their families and all they have 

achieved. Success is measured on a month by month basis with no arbitration ifthey 

loose motivation or become complacent. Doug Scott, the owner ofVacom Technologies, 
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described it well. While describing the nature ofhis business, he said, "You know that 

) 

fmal exam you give in the AIRC 20 class, how stressful it is? Wel4 every day is a final 

exam here." This stress transfers down the line to employees at all levels. A common 

question posed to me while at Southern California Air Conditioning Distributors was: 

''who do you really work for?" In other words, are you a spy planted by management to 

identify the weakest and least productive? Yet I also experienced unconditional support 

and compassion. The owners and employees ofHuffman Roofing gave up their 

weekends for three weeks in a row to install the roofs for Habitat for Hwnanity homes in 

Moreno Valley. 

These conditions are what motivated me to ask for flexibility with the Salary and 

Leaves Committee. I secured the opportunity ofuncompensated employment with all the 

companies I listed in my original proposal. When it came time to participate, however, 

the conditions had often changed. In some cases, the departments had reorganized or did 

not exist. In the case ofVacom, they required a commitment that would extend beyond 

the scope ofmy sabbatical leave. What often worked best was to remain independent and 

practice the trade and pursue my interests as an independent. 

Honeywell and Southern California Air Conditioning Distributors offered the best 

experience in building automation. It was a pleasure to associate with Scott Strong of 

SCACD. In the short time I had in the Customer Assurance Department, I extended my 

knowledge ofthe comfort zone I and II beyond my expectations. In addition, as a result 

ofmy experience there, wireless and communicating thermostats will enter the enter our 

curriculum when resources allow. 

J 
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John Edwards ofHoneywe]L proved to be reliable and patient mentor to their line 

ofcontrols. I also give credit to Susan Sawyer and the First Congregational Church for 

allowing me to experiment with their home and office. In both cases, increased comfort 

levels were absolutely achieved. On the other hand, reduced energy consumption has not 

materialized as expected. In both cases, it appears the air conditioning system runs 

longer and utility have remained the same or increased. In both applications, the demand 

seems to shift between zones too rapidly for the system to satisfy any single zone. This is 

not to say that zoning cannot reduce energy consumption. There has been enough 

research documenting its benefit to continue my involvement. 

The most striking reality was learning how quickly control systems become 

obsolete. The AIRC Department installed the CPC RMCC control system on our 

refrigeration rack three years ago. We thought it would offer students the opportunity to 

work with control systems commonly found in our industry. The number ofRMCC 

systems I encountered was very small. Most have been replaced with the more flexible 

E I and E II systems designed since Emerson Electric purchased CPC controls in 2002. 

The ten months and two summers I spent working in the industry were a very 

valuable experience. I was re-acquainted with the realities ofthe working outside the 

community college, both culturally and technologically. I was also able to practice the 

basic skills ofworking with tools and organizing installations. These skills and 

knowledge will be reflected in the classroom in the form of legitimate understanding of 

what my students will experience as tradespersons. I want to thank the Sabbatical and 

Leaves Committee for approving this experience and the taxpayers for financing it. 
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