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In the last two decades the work envrronment and the proﬁcrencres requrred to

o ‘ﬁJnctron in 1t have changed Accumulated hterature argues that our tradrtronal stratrﬁed ‘-

B educatronal Sys"em has not prepared the workforce for the changes that have occurred n o

o jthe work-place Both hrgh school and college graduates requrre srmrlar outcomes the gy = o [

G competencres to achreve employment and the educatronal foundatron to contmuously

upgrade thetr knowledge and skrlls Specrﬁc changes m currrculum must occur 1f the U S e

. ;,j_leducatronal system is. to meet thrs challenge Specrﬁcally, academrc duahsm between the »i I

! Applred Scrences and the Pure Scrences must end and the screntrﬁc and mathernatrcal [
. } ﬁffoundatron of vocatronal students rnust 1mprove In addmon, collaboratron between | ‘, |
| ,f'i"fschool faculty members and busmess leaders must be establrshed whrch results in relevant e
' curnculum and work-srght learnmg ERC P F :

The purpose of thrs pl'OjeCt was to develop a cumculum taught in collaboratron

e - ;ff,fwrth the Math Department specrﬁc to the trade of air condrtromng and reﬁ*rgeratron at

B ;.Mount San Antomo College In collaboratlon wrth commumty leaders and the Math

. »- Department faculty, thlS cumculum Was developed to provrde students wrth the skrlls A

o needed to enter the trade of arr condrtromng and reﬁ1geratron and the foundatron for . L

, contmuos learmng in any occupatronal specralty

The cumculum for a Math Lab for Arr Condrtromng and Refngeratlon was wntten | i : | .

': 'and approved by the Arr Condmonmg and Refrrgeratron Advrsory Commrttee and the .



Academic Senate Curriculum Comn‘ﬁttee at Mount San Antonio Céllege. A team,
hobwe\}er‘, of faculty members crossing academic and _voCation‘ai educétion was neVey
‘developed. The pnmary reason for thi‘s,lack of collaboration was the culfure of the
acadeﬁﬁc environment that k’eeps‘ departfhents sbec_ialized ‘and separated.

| The project writer strongly beiieves thét fhe staﬁdards at which vocational courseé
are taﬁght must increase. The project ‘Writ'er rec_o_vmmend's that ‘vocati,ona] instructors t;e
made respdnsible for increasing tﬁeir own knowlédge Qf ’the‘ humanities, mathes and

sciences in order to infuse that knowledge into the vocational curriculum. |
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. Umted States Tlns d1v1s1on has resulted in dlﬁ’erent educatlonal standards for those o ; RGN S
- "”assu’mptiOn that industrial "economi’esrequire a .separation of mental and manual labor 'The S

_‘ of thls issue becomes sngmﬁcant when consndermg the volumes of hterature devoted to L G

Chapter I

Mct_lgn PP

A separatlon between academlc and vocatlonal educatlon has long ex15ted in the

_students planmng to attend college and for those students plannmg to enter a skllled

trade._,T_he Just_lﬁcatlon for,v these_academlc and ,YOC?_t,IOI.lal‘ d1»v151ons, is ba_sed upon the_“ 2 __"‘1'_’ o

| Umted States economy, however has shlﬂed from an 1ndustr1al based economy, to an

.economy rehant on mformatlon (Berryman & Baxly, 1992 Cameval e, 1991) The outcome | [RESHC

: acadermc duahsm and its eﬁects on somety and the economy

Acadermc duahsm n the Umted States can be traced back to the early colomes of L

i New England Wllhsten (1894) noted the early soclal dlfferences caused by the status of

| : students ‘attendmg New England colleges and secondary schools estabhs_hed by the ”

"‘Puﬁtans as compared tothe social status of those 'involved' in apprenticeship 'trainin‘g Th'e‘ s

: 'Puntans recogmzed the relatlonshlp between llteracy and the success of thelr rehglous

L falth This ldeal was a natural outcome of the 1mportance the Puntans attached to the

'Bible and the rehglous truths it uncovered The ab111ty to read Blbhcal scnptures and then o

B apply hteracy to other forms of mformatlon enabled the Puntans to ‘gain an early socral

' '»lead in the Colomes (Wllhston 1894)

- In the l750s educatlon in the Colomes was expanded when the New England

acadermes were developed in Phrladelphra by BenJamm Franklm Frankhn stressed that R

T 1



o ',faddrtlonal subjects should be con51dered practlcal or ut111tar1an These subjects 1ncluded S

,navrgatlon, surveymg, mathematrcs and scrence Although the academres d1d expand the L )

A range of subjects taught in the classroom and w1dened the scope of educatlon in the

o wColomes the acadennes were drstlnctly drfferent from the New England colleges formed S ohs

3 'by the Puntans that focused on phllosophy, hterature and Latm (Butts & Cremhn, 1953), AT ) "_ ‘

Accordmg to Edward Krug (1969) modem separatlon between acadermc and

vocatlonal educatlon may be rooted m two events The Momll Act of 1862 granted land r o )

N ot to the states for the creatlon of agnculture and mechamcal schools Although the law o
Ee , elevated the status of agnculture and the mechamcal arts 1t also served to physrcally
o separate hlgh school students entermg a vocatlon\ from h1gh school students bound for
- college In addmon the law called for spemally tramed mstructors to teach a skllled trade.
B _ Krug (1969) concluded that thlS event began the process of focusmg occupatlonal related T
cumculum on _|ob trarmng rather than general educatlon | | v E
The second 1mportant event accordlng to Krug (1969) was the 1892 report by

P members of the Natlonal Educatlon Assocratlon (NEA) that sought to deﬁne the :

v _ ,relatlonshlp between secondary and hlgher educatlon by focusmg on the. requrrements for x T

'college adrmssron The ﬁnal report of the commlttee 1dent1ﬁed nine cumculum areas as

s | the modem academlc sub_;ects by whlch college admrssron would be based The cumculum

! : areas were 1dent1ﬁed as (a) Latm (b) Greek (c) Enghsh (d) other modem languages

| ‘ 'mcludlng French and German (e) mathematlcs (t) phys1cs mcludmg astronomy, and
N chermstry, (g) natural hrstory 1nclud1ng blology, zoology, botany, and physrology, (h)

" : -hrstory mcludmg c1v1l govemment and pohtrcal economy, and (1) geography mcludmg



Ageology and meteorology (NEA, 1893) Although the nine currlculum areas identified by
the NEA members expanded the cumculum by recogmzmg the equality of the subjects
 identified and _wldened the _background of the college bound student, the NEA report
isolated vocational curncula vfrom the }college bound student and reduced the importance -
of occupatiOnal relate:dv'subjects ( Krug, 1969).

o Haney (1907) further separated _aCademic and vOcational veducation when he wrote B
 that effective school systems should organize vocational courses for boys in the lower‘
grades who are less acadermcally talented. Although Haney (1907) was proposmg |
bvocatronal educatlon asa solution to truancy problems 1t ‘was implied that vocatronal
education was for the less academically talented.

Currently,‘ the ,educational system in the United States continues to divide the | ’

‘student population into two groups one group planmng to earna baccalaureate. degree
and another group prepanng to enter the workforce after hlgh school For the o
baccalaureate bound, the curnculum has traditlonally been wide with emphasrs on general
education rather than apphcatron According to Thomas Bailey (1991), college graduates "
from the Umted States tend to be highly disc1phned but lack the competencles to enter
employment wrthout additronal basic trammg at the expense of the employer (Barley,
1995). | |
| ' The curriculum for those entering the work for‘ce} aﬁer hlghschOOl .has been ’the» |

’ Opposite of the curriculum for the college bound student»‘ Studentsona;vo'cational tr'act "
~ had the optlon of occupatronal programs Wthh oﬁ’ered tangible skills that resulted in Job _'

speciﬁc competencres Ogden (1990) observed that vocatlonal programs offenng entry

3



level job skills have léﬁen,beenvthe solution to the drop-out problem in secondary schools.
The notién that students who cannot work with their minds can work with their hands -
continues ‘té be common (Ogden, 1990). The result, for vocational students, has been a
narrow education that inhibits innovation and life-long learning (Cappelli, 1992; Berryman
& Bailey, 1992).

In the last two decades the work environment and the proﬁciencies required to
function in it have changed. These changes have resulted from corporate down-sizing,
shrinking business cycles, intensified global competition, and new technologies. New
responsibilities for non-managerial workers have emerged in the férm of iriformétion
management, increased scientific and technical knowledge, and continuos learning.
According to Carnavale (1991), in the past these responsibilities were reserved for
management since U.S. business was based on the 19_th century notion that management
and labor had separate tasks. As the ranks of US businesses thin, however, these
responsibilities have become less distinct. As a result, a career of working at a specific job
consisting of specific tasks is becoming obsolete. Workers must be willing and able to
learn new tasks and assume new responsibilities out of their traditional job dgscdptioné if
they are to remain véluable employees (Carnevale, 1991).

Accumulated literature argues that our traditional, stratified educational system has
not prepared the workforce for the changes that afé now occurring (Berryman & Bailey,
1992; Carnevale, 1991; Camevale & Porro, 1994; Drucker, 1994). According to‘
Berryman and Baily (1992), college graduates require more application and less theory

and high school graduates lack breadth of education and life'-longﬂlearning skills. Both high
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e ] 'employment and the educatronal foundat1on to contrnuously up : ade therr knowledge and

o ‘j;’?\slg11s (Berryman& Barley 1992 Camevale 199‘1)

s The commumty college oﬁ‘ers the perfect mche to dehver employable skllls and the g e

i vf'educatlonal foundatron for hfe—long learmng However specrﬁc changes in cumculum 3}}. g L

o must occur 1f the commumty college system is to meet thlS challenge Specrﬁcally, | ,b ' :

g :.»’_.__::- acadennc duahsm between the Apphed Sc1ences and the Pure Sclences must end and the L

: sclentrﬁc andmathematrcal foundatlon of vocatlonal students must :1mproye In addrtlonh ’, ¢ .' S
' collaboratlon between school faculty and bu.smess leaders must be estabhshed whlch |
; _resultslln releyant cumculum and work-s1ght learmng These reforms w111 serve purpose53 o
b thatare cntlcal to the modermaanon of the workplace and to the new responslbllltles of ; L e

" ‘,employees

: ‘S_gmﬁcance of the Prolect
| Accordmg to Camevale and Porro (1994) reform of schools and the v i
L ,modermzatlon of the workplace are 1nextr1cably lrnked Camevale and Porro (1994) argue

‘ that the. competltrveness of U S busmess and lndustry depends on the ab111ty of workers to

s a : use: and bulld upon knowledge leamed ongmally 1n school In 1983 the Natlonal

2 . T.Commlssron on Excellence m Educatron (NCEE) was formed to evaluate the quahty of
: "}veducatron and learmng‘ in U S schools and colleges The formatron of the NCEE was |
i }'rvecvlue‘sted at a tlme when our educatlonal system was ’ senously con31dered rermss ’ ‘
: (NCEE 1983 p. 1) The U S publrc saw the state of educatlon as a major factor in the e
B detenoratlon of U. S products and U S: global competmveness (Beck & Namuth 1988). :



eport assocrated the medrocre educatlonal performance

L . flthe abrhty ofthe U:S publrc to:remam globally actrve The NCEE (1983) members

o L rdentrﬁed a strong correlatlon between the dechne of qualrty educatron and the standard of

- ._ :;ltvmg in the Umted States In addltlon, the NCEE (1983) members predtcted a dechne in

- ';the U S standard of 11v1ng unless all segments of our populatron focus on educatronal

In a report to The Natronal Assessment of Educatronal Progress Venezky Kaestle
and Sum (1987) clarmed that 30% of adolescents and young adults m the Umted States | L

"lacked the basrc hteracy skrlls requrred to collect mformatron from drfferent parts of a

| document n order to make sense of an unfarmhar task Venezky et al (1987) reported

_ that only 56% of 17 year olds in the U S, could compute wrth dec1mals fractrons and ‘

percents or recogmze geometnc ﬁgures Venezky et al (1987) also stated that only 54% o

: 1 of 17 year olds in the U S. could solve srmple equatlons or use moderately complex :

8 ; reasomng and that only 43% of 17 year olds 1n the U S have enough screntlﬁc knowledge 8
g :to evaluate the appropnateness of screntrﬁc procedures " = |

| In a study of the garment mdustry, Barly (1988) mdrcated that poor lrteracy and

o 'mathematrcal skrlls reduce the ab111ty of an employee to ﬁnd and hold a ]ob that pays

-‘f_of the natron w1th an act of war and anact of unthmkmg educatronal drsarmament agamst SRR

denough to support a famrly Barley (1988) reported that textrle compames oﬁen recrurted e

o machme operators to act as mechamcs These maclnne operators usually had httle formal s T

R educatron but they were able to make the transrtron mto the garment busmess w1th

. ; ,~1nforrnal on-the-Job tramlng smce the mechamcal technologres that the machmlst were

e i6{[_



A i.used to were srmrlar to the technologres faced in the garment mdustry In recent years
.busmess leaders have mtroduced varrous forrns of automatron based on rmcroprocessors

'.and electromc components Thrs new technology has allowed the garment Workers to

o ‘;'speed productlon and produce more customrzed products Reparrmg thrs new equrpment &

o 'requrres mechamcs to follow detalled manuals and refer to updates from manufacturers e

o : ’;‘As a result many of the former machme operators were unsuccessful in learnmg the d1g1tal SR

o .(Balley, 1988)

s B and mlcroprocessor components srnce they lacked the lrteracy skrlls to rnake the transrtron L

Berryman and Barley (1991) documented accounts of ﬁrm based tramlng that

iy -taught employees ba51c scrence and math skrlls requlred in the textrle 1ndustry In 1987

o _-_t.:Swrft Textrles the largest demm manufacturer m the world camed out ¢ a major

L modermzatron program 1n 1ts Columbus Georgra plants At the same trme the ﬁrm was

o ’:"mvestlng in new forms of automatlon in order to antrcrpate market changes and estabhsh : - e

e desrgned a trarmng course to teach students the use of a calculator to solve algebrarc

-a system of qulck response One of the changes caused by the new upgrades was an

o 1mmed1ate need for tramed personnel to repalr and malntam the new equrpment Sw1ﬁ R

o Jequatrons usrng formulas requlred m manufacturmg that 1ncluded basrc electrrcrty> the gas

¥ ',_:f‘f. laws and tolerances of machme parts he j‘_co,u‘:rse "9995152991‘0,«: '\ thr h‘our 'classeslt

the32 studentswhoentedtheﬁrs class, 0nlys1xsuccessﬁ1Hycompleted & cour

i ) ‘._‘.Berryman and Barley (1’991) concluded that most of the studen s »who f: 'led to : 'omplet

:the course drd not have an adequate background 1n math




In the years smce A Natlon at RlSk, pohcy makers have realrzed the need to bnng e

'.f_..the schools and the Workplace closer together In 1990 the Busthdmrnlstratlon . I

o ‘developed the Amerlca 2000 Educatlonal Strategy m order to develop a new generatlon of L

o U S school admrmstrators who emphas1zed hrgher standards accountabrlrty, and access to B

a posrtrve leammg env1ronment for all students attendmg school Amenca 2000 was an

. ,”‘_'__'ambmous mne-year strategy that 1ncluded the constructron of 535 new schools that would . o

s ; busmess to work together in developmg cumeulum and educatlonal outcomes In June of

close theU S skﬂls—and-knowledge gap Although it advocated a strong back-to-basws e

e phrlosophy, an 1mportant component of Amenca 2000 was the need for school and

L : 1992 the U S Departm onit of Labor released a report by The Secretary s Comrmss1on on »

L | _.reﬂected changes they percelved taklng place in the workp1ace :‘-_ r_, ‘. e TR
ne i Ob.lectrves for the states to achleve ln meetmg the reform called for in three document A

) _'j:‘;.,outdated drstmctlon between academrc and Sklll learmng Presrdent Chnton noted that the

£ skrlls requrred of young people to succeed in the workplace on a hfe—long basrs The |

: ‘5emphasrs the SCAN S wnte s placed on hfe-long learmng and per SOHal feSPOHSIblhtY

In 1994 U S Presrdent Blll Clmton developed a set of natronal goals and

'»_ ‘,‘"’,Natlon at Rrsk, Amenca 2000‘ and SCAN S Chnton declared 1t tnne to abohsh the




“the new blue print for schools in the U S Slgned 1nto law 12 days apart the new laws

C "emphas1zed the wxlhngness of the Chnton Admimstratlon to follow up with the educational o

concerns of the _Reagan.and Bush »A_dministratlons (Sowell, 1 994). -The,new law‘s. included e

an emphasis on.national skills' is'tandards‘,’ the,end _to academic dualism,‘ strong ,collaboration .
betWeen business and the school, and accountability’on the part of educational pr_oviders;

With the l_{epublican Congress takmg con’trol in 1995, legislati_on ‘in both the House o

and the'Senatewas proposed to repeal -the laws' passed by previous administrations. :
Legislation has sought to consolidate the rnasses' of job training and education programs
offered by govemment and combme them mto block grants admmlstered by the states |
‘The philosophy of the 38th Congress did not affect the theme of educational reform as -

| ‘much as the 1deal of individual control by the state over accountab1l1ty and ﬁ,lndlng
(McCallum, 1995). The theme of educatlonal reform and the basic philosophy of ending
‘academic dualism, the formation of school and business partnerships, and accountability .ol’

~‘education proyiders have transcended vparty;lines;' ACcording. to McCallum (1995), the |

basic direction of educationalrefo'rrn had not changed in three administrations. L

‘Statement of the Project :

A curriculurn for a1r conditioning and refrigeration was deyeloped to bridge the
gap betweenapplied leaming and academic ‘leaming. The course was specifically designed
for students enrolling' in courses.’for air conditioning and reﬁigeration but have not taken |
‘ 'high school alg'ebra or;: who doi':not qualil‘y for MATH 7l-Intennediate Algebra at Mount e

San Antomo College The curnculum for th1s pro;ect con51sts of a syllabus 16 lessons 38

lab pro_lects a nudterm and ﬁnal prOJect QUIZ development and schedulmg w111 be the



i 'Mount San Antomo College Through the development of thlS cumculum and

B was developed to prov1de students w1th the SklllS needed to enter the trade of a1r

Curnculum Commlttee ;

. Purnose of the Pr01ect

o "_ 'The purpose of thls pro;ect ’was to develop a cumculum 1n collaboratlon w1th the;

'lty spec1ﬁc to the trade of a1r condltlomng and refngeratlon at

',Ilf_;'v-:Math Department f ": i

- 'collaboratlon w1th commumty leaders and the Math Department faculty thls currlculum e

. “"condrtromng and refngeratlon and the foundatron for contmuos learmng 1n any
occupatlonal spec1alty The goals of thls prOJect are to partlc1pate 1n educatlonal reforrn by.
. developmg cumculum that blends academlc and practlcal leammg, and develops and o
L ;‘,f " ,mamtams strong t1es between ’Mount San Antomo College faculty and the commumty
' leaders mvolved 1n air cond1t1omng and refngeranon | ‘j : 4
| .'\F“l“t?‘t‘Q‘?S an‘,‘D‘ﬂ?‘,,‘?‘t‘at‘»""‘S:_ e
" The imitations and delimitations of the project are presented i the next section.

SR L—l__n“tatlons SRS U e

L ;‘Thls pl‘Oj éd ‘;as hl;mted srnce tlle Pal'tlm r"atlon ‘of cur.nculum\ ‘r\ntegranon at"fvv‘ .

e ";‘:v:Mount San Antomo College vvas conﬁned to faculty members cOmrmtted v BRI
| to educatlonal reform and mnovatlon Ind1v1dually, faculty rnembers frOmvvi’ I
‘} v_each department Supported the” PhllOSOPhy of i mtegratlon When an- Tt




opportunity to participate in integration was available, almost all
departments opposed it collectively. Therefore, resources to form
partnerships were limited.

Delimitations

1. The participants in this project were delimited to Math Department faculty,
the Air Conditioning and Refrigeration Department faculty at Mount San
Antonio College.

2. The content for the math lab in air conditioning and refrigeration
was extrapolated from existing curriculum at Mount San Antonio College
to include: (a) elementary algebra-MATH 51, (b) electrical fundamentals
for air conditioning and refrigeration-AIRC24 (c) refrigeration
fundamentals-AIRC20, and (d) mathematics for industrial technology-MFG
70. Additional material was extracted from elementary algebra text books,
text books for air conditioning and refrigeration, and air conditioning and

refrigeration trade journals.

Definition of Terms

The following terms are defined as they apply to this project:
Academia--those individuals employed within a school system or closely associated with
school policy making.

Academic Education--a curriculum that focuses on subjects required to gain entry into a

four year college or university.

11



- ACadcrrﬁ_c Dualism--a condition that refers to separate standards of education between

academic and vocational education.

Applied Science--those courses offered ’tha't:result in _prac%cical applibatioﬁé_ and work
related knowledge. |

Curriculum--a se;t‘of courses offeréd by an educational institution consisting an area of
specialization. |

-Curriculum Integration--a method of combining general education curriculum with

occupational curriculum to raise the educational s_tandards of vocational students.

* General Education--those courses required for transfer to or graduation from a four year

_college or university not directly associated with the students major.

Global Competition-- refersto a condition where U.S. business and industry must

compete with international business and industry for both domestic and foreign markets. -

Global Economy--refers to a condition where eqononli0‘c6nditi0ns are effected by
international economies és well as‘doméstic economies.

Industry-- those individuals and corporate entities with a stake hold in the private sector of .
the economy.

Integration--the process of blending general eduéatiqn curriculum with occupational

curriculum to increase the academic standards of vocational students. -

Learning Styles--refers to a condition where students are motivated to learn under
different conditions or circumstances outside of the traditional educational environment.
Literacy Skills--refers to the competencies required to translate written information into

- useful concepts or tangible skills.
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. Multidisciplina_ry Courses-—those edUcational courses that infuse curriculum ﬁom different

- specializations to create one common course. -

Non-traditional Students--those post secondary students not fitting the commonrimage of
~ baccalaureate bound studen'ts.’ Students falling into this category are those returning as -

- older adults, pursuing an occupational skill, or are an ethnic_minoﬁty.

 Production Flexibility--a condition that allows business or industry to react to rapid |
economic change and quickly shift production strategies to meet unpredictable consumer

:demands.' '

_ Situated Learning:—learrrlng‘ that focuses on making the educational environment resembl_e' :
the ttfo,rk en..vironment through structured .w"'o’rk problems‘h and technological solutions.
‘Skills Gap--a eondltion that ,deﬁnes the contrast hetween the teehnological needs of .
business and indostry and the level 'of education of the available workarce. |

| Teohnology--refers toa method of achlevmg a practlcal purpose based on laws a.nd

pnncrples taken from mathematrcs and s science.

Vocatlonal Educatlon--a cumculum that focuses on the slqlls and knowledge requlred to
v gam.entry level employment ina specrﬁc Job or trade

Organization

| | This project is d1v1ded in ﬁve chapters Chapter 1 prov1des an mtroductlon to the

~ problem, srgmﬁcance of the pro;ect statement of the prOJect purpose of the project,

| hmltatlons and dehmltatlons the deﬁmtlon of terms Chapter 1 ends with the organization .’

of the project. Chapter 2 consists ofa rev1ew of the hterature and the vanous approaches

- of integrating academic and vocatlonal educatxon Chapter 3 outhnes the methodology and
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defines the populeitibnserv’ed and concludes with a summary. Chapter 4 contains the
verification of the project, the project design and a summary of the chapter. Chapter 5
presénts the conclusions of the project, offers recommendations and concludes with a -

summary. -
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 Chaptert

- Review of Literature
| The contents of thi-s chapter include the Changes that have occurred in busineSS and ’
' “ :the work-place that have resulted in h1gh levels of critical thmkrng skills for employees in

| manufactunng and the skrlled trades. As a result of these ehanges documentat1on is
| . ’offered to lllustrate a»ns'e__m techmcal labor requ1rements needed to .rneet the challengesvvof-
L a global economy. Further it eontains a discussion of how the traditional educatiOnal |
:. | system "in the Unlted" ‘States"is inadequate to meet the demands ofa g-lob‘ali econc)my and |

: dlscusses the efforts bemg made at educatlonal reform

’ 1 Roots of the Ch_ges in the Nature and Structure of the Workplac

In 1983 the pubhcat1on of A Natlon At Rlsk launched awave of debate over the

eﬁ‘ectweness of the U.S. educatronal system. Busmess and 1ndustry argued that the
acadermc commumty had become drsconnected from the needs of the bus1ness commumty ‘
. "‘ vbecause it had Iost tract of the demands placed on the schools by the new global Economy )
(Carnevale 1991 Hoyt, 1991 Pajak, 1993) Members of the acadennc commumty, on the
B other hand wamed agamst blind rehance on busmess cycles and market hke mechamsms
 to deﬁne pubhc good and educatlonal goals (Glroux 1989 1991 Helm, 1995, Pew . :
B ’Hrgher Educatlon Roundtable {PHER] 1994) With thrs dlﬁ‘erence in op1mon 1t appeared -
’that commumcatlon was requrred to ﬁnd a common ground between the academrc ’ |
) commumty and the busmess commumty | |
The conﬂlct between acaderma and 1ndustry began to surface by the late 1970s

',(Berryman 1992 Carnevale 1991) Busmess and mdustry were bemg squeezed by the ’
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advent of new technologies and new sources of competition from abroad. These new
forces pushed U.S. business out of a comfort zone created by the domestic post-World
War II boom. As a result, businesses in the United States were forced to compete with
new, flexible industries emerging in Asia and Europe after being rebuilt (Carnevale, 1991;
Berryman & Bailey, 1992).

Research by Edwards (1979) and Hall, Johnson, and Turney (1990) indicated that
businesses leaders in the United States relied on mass production and guaranteed
consumer demand. Hall et al. (1990) stated that the success of the United States was
measured by the ability of U.S. workers to produce higher volumes of goods and services
with the same or fewer resources than the foreign competition. The demand for U.S.
consumer goods following World War II, combined with a manufacturing base built for
war production pushed U.S. productivity to unprecedented levels. Edwards (1979) stated
that the U.S. postwar boom was based upon the ability of the U.S. to produce higher
volumes of goods and services with the same or fewer resources. With guaranteed
domestic demand, U.S. industry was able to reduce the costs of manufactured units simply
by increasing the volume produced. This strategy worked during the 1940s and 1950s
when the U.S. market was eight times the size of the next largest domestic market. The
domestic manufacturing capacity could be fully absorbed without going offshore and
competing abroad. According to Edwards (1979), as long as consumer demand remained
high and resources were plentiful, U.S. manufacturers were able to operate profitably with
the manufacturing infrastructure and production methods developed for the World War I1

effort, but only meeting the needs of domestic U.S. markets.
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In a study of the automoblle mdustry, Womack (1989) deterrmned that Europe and S

e 'Japan s domestlc markets were never large enough to empha51ze the hrgh-volume

B L 'productlon of automoblles for domestlc sales alone As a result European and Japanese

' auto makers adjusted to the complexrty of the mtematronal automobrle market early on,

| : ' ‘(W omack, 1989) German and Japanese automakers not only produced cars for therr

v N domestlc markets but also had to satrsfy the styles and condrtrons found well beyond therr ,.

B boarders. ACCOfdlng to Womack (1989) the ﬁagmented markets in Europe and As1a
o ;forced the Europeans and Japanese to focus on ﬂexrbrlrty to provrde a Varlety of Pdeucts. £

tarlored to drverse market segments R R ”
H In addrtron, to compensate for therr 1nab111ty to match U S. productrvrty, the S
E Europeans and Japanese focused on qualrty Smce decreasmg costs. per umt of output by o

) irncreasrng volume was not an optron, European and J apanese auto makers achreved

o altematlve sav1ngs by reducmg the cost of reworkrng products by 1ncreasmg qualrty in.

& productlon Addltronal savmgs were achleved by focusrng on eﬁ"ectlve work processes
o ﬂexrble orgamzatronal desrgns and superlor 1ntegratlon of human and machme caprtal
-(Womack, 1989) Wlth an emphasrs on productlon ﬂexrblhty and actlve work processes e .

' the demand on the European and J apanese workers to react to change and to 1nnovatlon .

was greater than workers in the U S who were rewarded for reducrng costs by 1ncreasmg R

‘ " "_-output (W omack, 1989) The constant mnovatlon requlred to compete wrth the U S

o mdustnal glants encouraged the Europeans and Japanese to careﬁrlly utlhze human caprtal o
' 'and focus resources on learmng at school and on the Job (W omack, 1989 Dertouzos

" Lester & Solow 1989)




Wlth the advent of new competltron, U S bus1ness leaders were forced to react

o to raprdly changlng markets hlgh quahty forelgn competltlon, and stock holders lmpatlentg;; T

L - Brrdsell 1986) Accordlng to Murnane and Levy (1992) the loglc of mvestmg in .

i . for d1v1dends U S busmess leaders adjusted to the competltlon ﬁom abroad by 1nvest1ng ey B

m automatlon and technology and sheddlng skllled labor (Carnevale 1991 Rosenberg & hi

" | _automatlon Was to mcrease productlon and qualrty whlle decreasmg personnel costs The U

2y % expensrve labor by substltutrng machmery and unskllled labor As a result there were

: ---_Z,dnve product1v1ty (Mumane & Le" 1992

o N Europeans and Japanese treated labor as a ﬁxed cost of productlon and dld not elmnnate

o strong 1ncent1ves for the Europeans and Japanese to use and develop personnel and labor .

v:when U S busmesses leaders rehed on speclalty purpose maclnnery and unskrlled labor to .ﬁ' SRR L

J apanese and European workers wer well prepared for ﬂexxble work

envrronments Tan (1989) documented the emphasns on apphed learmng n Japan and

T .Europe as more 1mportant than anywhere in the Umted States Tan (1989) used examples :, Fin o

L fof European apprentrceshlps and Japanese group processes n school and the strong




o learmng to the ywork ‘env‘iromnent a;lmost noneXlstent As a result .innofvation in’the' WOrk

place was the respons1b111ty of the managenal ehte and creatlve processes began at the top f Hat

- vand were delegated downward (Ogden 1990)

- ‘v.Evrdence of a New Techmcal Labor Force i i @ e

. The rap1d growth of technology has brought about many changes in the Global
i Economy Low skllled _]ObS are rapldly dlsappeanng as soc1ety shrﬁs from an

L mdustnal based economy to a technolog1ca1 and 1nformat1on based economy (Carnevale "

o 1991 Mumane& Levy 1992 Sllvesm & Lukas1ew1cs 1989) Drucker (1994) stated that :

as recently as the 196OS almost 50% of all workers in- the 1ndustr1ahzed countrres were i
‘_vkrnvolved in some process of productlon By the year 2000 no developed country w1ll have B
‘ more than one—s1xth or one- elghth of 1ts workforce in the tradmonal roles of maklng and -

movmg manufactured products (Drucker 1994) In 1950 60% of the ]obs in the Umted

\States could be performed by unskllled workers By the year 2000 only 15% of the _]ObS in |

B the U S. w111 fall 1nto the unskrlled category Based upon occupatlonal employment -

e records smce 1900 and occupatlonal prOJectlons unt11 the year 2010 by Sllvestn and

)

R Lukasrew1cs (1989) unskllled serwce occupatlons are growmg at a slower rate than E '

: " skrlled and professmnal occupat1ons Serwce occupatlons showed a margmal growth of
| only 4% between 1900 and 1989 Growth in the clencal occupatrons made most of its
galns before 1960 (Sllvestn & Luka51ew1cs 1989) -

. Slnce 1950 much of the growth in the labor force occurred amongb managerlal

o | 'sales techmcal and professronal occupatrons Dlrect employment in the productlon of " : " 3

’ :manufactured products peaked durmg the 1940s when 6 out of 10 workers in the U S



 were employed either as craﬁspersons or as operat1ves and laborers By 1988 the .
‘ ‘proportlon craftpersons operatives and laborers had fallen to 36% (Barley 1992)
| Economlc forecasts 1nd1cate that profess1onal and techmcal occupatlons w111

continue to grow rapidly. By'the tum of the century,‘ professional andtechmcal
occup‘ations should account for_ vm‘ore employment than any other occupatiOn (Silvestri &
Lukasiewics, 1989). Between 1975 and.1990, the higher skill occupations grew two-and-
a-half times as vfast as the loyver skill occupations. During the 15 years between 1990 and
2005, higher 'slcille:d occupations are expected to grow just under twice as fast as lowskill
occupations (Silvestri & LukaSiewicz, 1991). Professional and technical occupations may o
account for 20% of the workforce by the year 2000 (Blshop and Carter 1991), while over
25% of all new _]ObS created between 1990 and 2000 are antlcipated to be profess1onal or
technical in nature (Barley, 1992).

Evidence of a Rise in Skill Requirements

A niajor factor in the growth of professional and technical opportdnities lias been
- technological change (Barley, 1992; Cappelli, 1992; Camevale l99l; Pritchett, 1994). |
Programiriable machines have replaced hum‘an‘ skill in many manufacturingﬁprocesses in the
| textile and auto industries (Bailey, 1988; Womack, 1989). The skilled machinist is being
replaced by programmable logic controllers because the new technology improves
precision and quality. In addition, progranimable logic controllers allow faster setup and
‘reprogramming which in turn enhances variety and customization of products. Investment |
in.automated technology does not necessarily replace thev tecllriician. According to
‘b Spenner (‘198v5), substantial eyidence shows "a growing importance of high-‘skilled jobs in
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S fthe economy and 1ncreasrng sklll'frequrrements in exrstmg jObS Spenner (1985) wntes that '. ' S o
i ‘an 1ncrease in technology does not automat1cally result 1n a decrease in human

- contnbutrons to the manufactunng process When the complexrty of work mcreases an

o ..r_equal 1ncrease 1n the QUallty of techmcal and human resources is usually requrred (Spenner e S

. 4 The concept ofa skrlls gap 1s a concem for busmess and mdustry leaders trymg to it

k ;:t ‘requlrements that cannot be met by the current supply of labor Members of Workforce “‘; i

- eepd abreastvnth technology ThlS concept 1mplles that there is an mcrease in skr]l ; f S

;12000 (U S Department of Labor 1987) addressed the 1ssue of thrs nnsmatch between the - B ':df’:-

Ehe ‘J;{;skrll level of the present labor forceband the current demands placed on labor by busmess R

o -"’:"f' and mdustry Another study by ) ,embers of the Secretary of Labor s Comnnssron on
- ,"iWorkforce Quahty and Labor Market Efﬁcrency (1989);1‘ ocumented; ‘mplamts by‘

e . employers in ﬁndmg workers wrth adequate basrc skllls in splte .of aplent

. : : apphcants A report by The Oﬁice of Techmcal Assessment personnel (1990)'Pred1cted a ,:‘ B

PR :.rmsmatch between the ex15t1ng labor force and sk111 requrrements as mdustry shlﬁs to the - B

i _' ;.:_:.ﬂ ex1ble produCtlon techmques descnbed by Carnevale (1991'

_ Another 1mportant reason for the rise in skrll requrrements has been the 1mportance x Eg

& ’of scrence to modern socxety Pnce (1986) mdrcated that sctentrﬁc knowledge has

- "»‘_»‘.jexpanded exponentlall "smce the l7th century Pnce estlmated that by the 1960s screntrﬁct';

o ,f;'output has doubled evel'Y’6 to 10 years ThlS rate of growth has been much faster than all ': £

B : of the nonscrentrﬁc and nontechmcal changes m the progress of c1v1hzatron (Pnce 1986)




The contmued emphasrs on s01ence can be credlted to the reahzatron that sc1ent1ﬁc e o

- Aand techmcal knowledge can generate proﬁts (Barley, 1992) Accordmg to Barley, the e

1 ~commerc1ahzatlon of chermstry and physrcs in the last two decades has glven rlse to the

mdustrles on wh1ch our economy now depends aerospace automob1les energy, R

| '_pharmaceutlcals petrochemlcals and electromcs In addltlon, advances in the hfe sc1ences e

. ‘smce World War II have largely underwntten the present health care 1ndustry Re Cenﬂy, : o

= molecular blology has opened opportumtles for new mdustnes and have radlcally changed &

R others ( Barley, Freeman & Hybels 1993)

o f*'subcontractmg

The explos1on of screntlﬁc knowledge brought a huge demand for apphed screntlﬁc‘*- &

| 'techmclans and research screntlsts (Barley, 1990) The expans1on of sc1ence not only ,“._ e

' enlarged the ex1st1ng SCICntlﬁC ﬁelds but also created new occupatlonal levels Accordmg - -

) to Barley (1990) two new techmcal occupatlonal processes were created that have had a - v; '

- . ,profound effect on the nature of the techmcal work force specrahzatlon and

Accordlng to Barley (1992) breadth of knowledge is achleved at the expense of

s N depth of knowledge and v1ce versa Barley (1992) argues that the amount of knowledge ‘:’:.i e

T becomes more complex, screntlsts and other professronals ﬁnd it 1ncreas1ngly d1ﬂ§cult to

L remam generahsts Smce specralrsts are more hlghly valued most sc1ent1sts and e )

R fprofessronals have adopted a pohcy of spen 1zatlon whrch results ln an 1ncreased number s
: -':of narrow subﬁelds Thrs condltlon has resulted in an 1ncreased demand for professronals
o »smce few 1nd1v1duals can. act alone on tasks that requlre both breadth and spec1ahzat10n

o In techmcal and commerclal occupat1ons Kurtz and Walker (197 5) documented how




| oyerburderied profesSionals have sought to reduce their workloads by allocating routine :

* duties to less-trained individuals‘. This corlcept:is coinrnorr in many technical fields where =
specific occupations like CAD operators, design technicians, and c'ustomer-service -
representatives have developed around tasks that were discarded by higher lev.el -
occupations.

“Perhaps the most 1mportant force for the growth of the professronal and techmcal
workforce has been technologlcal change (Cappelh 1992) Accordmg to Silvestri and ‘
Lucasiewicz (1989), occupations related to computers continue to be among the fastest
growing. By the turn of the century, computer related occupations are anticipated to
provide erhploymenr for nearly two million people. B‘a.rley (1992) describes the eﬁ‘ect of
the computer on society as infrastructural. According to Barley (l992), infrastructure
technologies are defined as the type of technologies that form the foundation of a society’s
system of production durlng a historlcal era. Barley (1992) credits the comphte‘r for
having the ksande societal impact the combustion engine or electric power had during the
industrial revolution. In the long run, the effects of computerization on existing

occupations may be the most important stimulus for the mechanization of the workforce.

Background of Ideas Leading to Educational Reform

- During the past several years, educators have been researchirlg new ways to
structure the learnihg experiehces of students. The ultimate goal of this structure has been
to help students develop the skills ancl knowledge necessary to solve problems and
become mdependent thmkers and hfe—long learners (The Cogmtlon and Technology Group

at Vanderbrlt [CTGV] 1993). Like other researchers members of CTGV has been

23



_ influenced by W}ﬁtehead’s (1929) theory of inert knbv;fledge ( Brown, Bransford, Férrafa |
&, Campione, 1983; Porter, 1989; Scardamalia & Befeiter,- 1985). Inert knowledge is
'knowledge that can u_sualiy be recalled when peéple aré expliéitly asked to do so, but is
not used Spontaneously in problem solving even though it is relevant (CTGV, 1993).
Whitehead was instrumeﬁtal in identifying inert knowledge and claiméd that information
conveyed in schools was most likely to be presented in ways that rﬁaké it inert (Brown et
al., 1983; CTGV, 1990).

Sherwood, Kinzer, Hasselbring, and Bransford (1987) illustrated inert knowlédge
when they surveyed college students ‘on the application of logarithms. Theb students were
asked (a) how logarithms make it easier to solve problems, (b) why logarithms were
invented, and (c)‘to define an application for logarithms. According to Sherwood et al.
(1987), most students surveyed had no idea of the uses for logarithms. The students
remembered learning logarithms in school but thought of them only as math exercises
pérformed to find answers to logarithm problems. The students treated them as difficult
ends to be tolerated rather than as a tool that allowed a variety of problems to be solved
{(Sherwood et al., 1987).

~ John Déwey '(1933) stressed the importance of viewing knowledge as a tool.
Dewey (1933) argued that when people learn about a tool, they learn what it is and when
and how it is used. Similarly, when students learn new information in the context of

“meaningful activitiés, learners are more likely to perceive the new information as a tool
rather than as an arbitrary set of procedures or facfs. Bransford, Sherwood, and

Hasselbring (1988) have shown that one of the advantages of learning in problem solving -
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contexts is that students learn how to use information. When 'leareingwi‘nj context sﬁicients’ '
acquire informatien about the conditions under whlch it is useful te know.coricep;ts“avndt' :

_vfécts. In addition, Bransford and Heidmeyer (1983) reported thelearning successes of |
young children depend on opportunities to learn in meaningful, secially organized

- contexts. In support of the findings by Bansford and Heldmeyer (.1983.), laberatory studies
: ‘o‘f adolescent 'cognitive processes indicate that meaningful, problem-crientated approaches
to learning are more likely than fact-oriented ‘appreaches to overcome inert knowledge
problems (Adams, Kasserman, Yearwood, Perfetto, Bransford,‘& Franks, 1988).

Anchored instruction is a solution to the inert knowledge problem (CTGV, 1990,

1992; 1993). The cencepf of anchored learning has its roots in the theories of Dewey
(1933) and Gragg (1940). Dewey (19k33) reasoned in favor of theme based learning

end later Gragg (1940) added to the theme of Dewey (1933). Gregg (1940) argued for the
advantages of case-based leaﬁﬁng. In this model, Gragg (1940) used a variety of mini-
topics or microcontexts that allowed tﬁe exploratien of a specific subset of a larger subject
called a macrocontext. Case-based learning.ailowed the exploration of a subject for
extended periods of time from the perspective of many different disciplines (Gragg, 1940).

The Coghition and Technology Group at Vanderbilt [CGTV] (1990) applied these
principles to two programs based on anchored learning. The Young Sherlock Project and
The Jasper Series were learning environments based upen characters in traditional and
popular works of literature: Sherlock Holmes and‘ JaSper Woodbury. In both cases, the
project involved the development of applicaﬁons that enaeled sixth grade students to learn

problem solving skills based on science, history, and literature based on the experiences of
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o the ‘p%r.imary.a'nchokr.gharaéters.: »The .objective fvas to providé stud‘én;s‘» the opportunity ’fo_t '
- 's'ustainéd thmkmg absgt'gpeciﬁb~ problems éver long periods of time (CGTV, 1"99(_)).‘ |
- Fiﬁdiﬁgs 5y VanHanegan Bhrron,l Young, Williams, and 'B;ahsford (1991) onthe] a.sp‘er‘ ._ |
‘Series éxperime‘nt‘, ;éhowed studenf_sﬁyhb were not nonnélly good gﬂ; iﬁa’th can become
very igood at "complexip'r{)blelm solving _aﬁer Worlcing w1th prdjecté sinﬁlar to jaspe_r ahd o

: ‘,Holr‘xllves” after four to five class :sessions (Van Hanagrhan‘ etal, 1991); |

Garafﬁlo and LoPresti (1993 )‘,. organized a forrﬁ of anchbred learning around the

, Vc()llege freshm'an curr-iéulum at Massachusetts Coilegé of Pharmacy in Boston. Freshman |
élécting a bm‘ajor in che;rxiétry were encouraged to paﬁicipate m a’cblus‘tre_‘r of classes that
included maih, bioiogy, chemistry, and English. Chemistry served as fhe'prifnary an'wchot,b |

‘ dr what Gragg (1946) termed the macrocontext. Pure science courses tend to be linear in -
the presentation as instruction mbvés from atoms to molecules, to cells and beyond. Asa

| | resulf, the intégration eﬁ'orts‘vof Gartafalo énd LoPresti (1993) led directly fo a .‘ '
reStructuring of each qoﬁrse. Thé new é’urﬁcﬁlufn introduced concepts like energyl aﬁd :

- matter through discussi<;ns of ‘ge‘neral 5ubjects in fanﬁliar circumstances. Gartafalo ahd‘
LoPresﬁ (1993) found that engaging students with tangible commbn eﬁ;amplgé eased thé
students into college ievel courseé and introduced prdblem solving activities garlier in the .
students’ eduéation. To assess the impact of the curriculum, Gartafalo and LoPresti
(19935 shifted the testing style away from recognition, recall, and the ability to plug-in
| caléulations; Rather, the success of é student was based upon the ability to master o

N 'concepts,énd develop éﬁtical thinking skills (Gartafalo & LoPresti,1993).
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Comparisbn of freshman cheﬁﬁstry 'student p‘e‘rform‘anc,e for ‘acade'r'nic year 1991-
, 19927with that of twé yéars prior to the introduction of an integrated curriculum shéwed a
positive correlation between anchored learning and sﬁxdent success (Gartafalo & LoPresti,
1993). Studenf performance in frevshman ‘chemistry tended to decline in the second quarter
~ with two to four tifnes as many.students deClining as improviﬁg. By the end of academic
year 1991-1992 the trend héd feversed with about twice as many students showing
imprdved performance compared to declihing performance. Gartafalo and LoPresti
(1993); attributed the résults to changes in student behavior encouraged by the integrated,
active learning approach

Research by Raizen (1989) can be used to summarizé the need for educatipnal
‘reform. According to Raizen (1989), the traditional Separation between traditional
academic learning and occupational learning only exacerbates the cognitive‘pro_cess rather
than clarify it. Research on anchored learning and situated learning‘produce evidence that |
‘.learnjng through work process:and learning across disciplin‘a;y subjects is an effective
method of acquiring work-related knowledge and the foundation for life long learning

(Resnick, 1987).

Approaches to Integrating Academic and Vocational Education

Grubb and Kraskouskas (1992) surveyed faculty and administrators at 295
community colleges and technical institutions in the United States to explore the methods |
béing used to integrate acaderhic and vocéﬁonal éducation. Of 168 respondents, 121
faculfy members and administrat»or's reported that integration betwéen academic and :

vocational education was occurring on their campus in some form. Grubb and
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- ‘.Kraskouskas (1992) contacted a sample of the campuses mvolved in mtegratron and

L 1dent1ﬁed erght common methods used in commumty colleges and techmcal 1nst1tut1ons m i - : T

S V',the Umted States to achreve the 1ntegrat10n of academrc and vocatronal educatron Four e s S

o alternatlve methods of 1ntegrat1ng academlc and vocatlonal educatlon are drscussed based o ?" S

~on the ﬁndlngs of Grubb and Kraskouskas (1992) and Grubb et al (1996) These four N

methods are (a) general educatron requ1rements (b) applled acadermcs (c)
- multrdrscrphnary courses and (d) cluster courses : '_ E

General Educatron Remnrements . R

The most frequent form of 1ntegratron is the requrrement of general educatron for o
“ occupatlonal students (Grubb & Kraskouskas 1992 Horan 1995) In thls method
students are requrred to take general educatron courses that are not modrﬁed to address

" the occupatlonal mterest of students W1th1n the 1nst1tut10ns examrned commumcatron

L skrlls crltrcal thmkmg and problem solvmg ablhtles an understandmg of c1v10 o | »

: _responsrblhtres and apprecratron of the arts and humamtles were common goals for

‘ ] Q_general educatlon requ1rements (Grubb & Kraskouskas 1992)

Accordrng to Grubb and Kraskouskas (1992) hnks between general educatlon and _vv‘, 5.

. vocatlonal programs are the most developed 1n schools that provrde thelr students w1th e

‘ 3gu1dance on the general educatron courses requrred for therr occupatronal dlrectron A

G .‘thorough eﬁ'ort to hnk these requrrements occurred at the Pennsylvama College of

i . '._“Technology (PCT) in erhamsport Faculty members at PCT decrded that general

: : ,educatron requ1rements should be based upon the skrlls requrred in the workplace and

e developed core competencres us1ng theDACUM (Developmg a Cumculum) Process
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- (Pennsylvania College of TechnolOgy, 1987). The DACUM process involves assembling
practitioners from specific occupatioh‘al areas and having theﬁ describe the skills required
for entry level employment. Faculty then use thése job descriptions to determine the core -
competencies étudents need to master to be successful in the work—piace. According to
Grubb and Kraskouskas (1992), the resﬁlting competencies were not much different from -
those cited in the general education requirements outlined in many community college
catalogs. However, the pfdcess by which they were developed and the goals of the general
education requirements wefe more vocational (Grubb & Kraskouskas, 1992). Grubb
and Kraskauskas (1992) agree that the PCT model is a positive effort to expose vocational
students to core competencies. However,b the mod‘el has not resulted in the integration of
academic competencies and vocational education since the courses remain separate |
(Grubb & Kraskouskas, 1992).

Research by Patricia Cross (1976) indicate that non-traditional students m
community colleges have difficulty linking academic competencies with vocational
reqﬁirements. Research by Cross (1976) is based on studies in cdgnitive learning styles
that indicate non-traditional students in community colleges are more likely to have field-
dependent learning styles. The field dependent learner perceives information globally and
relies on the integration of information from many sources to master concepts or tasks.

- Field-independent learners, however, are likely to deal with elements independent of their
~ background and apprbach tasks in an analytical way, éeparaﬁng elements from background

(Cross, 1976). According to Cross (1976), traditional methods of academic achievement
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require fh‘e separation of iﬁfoﬁnatioh from béckgifdi_iﬁd; giving ﬁel&"—i,nde};en‘d‘ent iearners
the'aavantage in traditional school situations. *

According to Lankard (1992), common ﬁ?oﬁles qf vocationéi_stngpts often
include weak académic peffo_'rmances inconsistent attehdance, and s"irong inseéﬁrities about
academic coursework. As .a result, genéral education requirements are often an incomplete.
approach to integrating vocational and acadeinic edqcation (Lankard, 1992). General
edUCatioﬁ may bring into occupational programs the content and skills associated with
_acad¢mic disciplines, but it places the burden for integrgtion on students themselves, and
may not reach the vocational and non-fraditionalﬁstudents most in need of thés,e abilities.
According to Grubb, Badway, Bell, énd Krakéuskas (1996), the most promiSing
approaches to curriculum integration place the responsibility for integration squarely on
instrﬁctors, and create new céurses and groupé of coufses that are different from what
may currently bé offered.

Applied Academics.

A second common approach to integration is the development of applied academic |
courses which take conventional academic suﬁjects and infuse them into vocational areas.
Applied academic courses adapt the content of academic subjects and use practical'
applications from specific occupations to form a link between academic and vdéational
eduéation. The best-known example is Writing Across the Curriculum (WAC), in which
écademic and vocational instructors are encouraged to incorporate more writing into their
coﬁrses. Grubb et al. (1996) described how government administrators in Florida have

required WAC in all of its community colleges. Initially, faculty were motivated to
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o ';partlmpate m WAC through recrultment and outreach Members of the WAC staﬂ

onducted semlnars to show 1nstructors how to mcorporate wntrng exercrses mto thelr : PR

| :‘:courses Facultyb membersnot volunteerrng to partrcrpate were forced to do 50 by state .
E fmandate A successﬁ.tl less coercrve method of motlvatmg WAC partrcrpants succeeded at
e Kaprolam Commumty College (Hawan) In tlus example WAC was mtroduced to faculty .
: ﬁas a way of teachmg therr occupatronal subject whrle allowmg the student to earn credrt |
B for wntmg-mtensrve Enghsh courses Courses that counted as wrltrng-mtensrve mcluded
' .occupatlonal courses such as Busmess/Management Wntmg, Basrc Nursmg Concepts
i Introductlon to Physrcal Therapy, and Specral Rad1ology Procedures (Grubb et al 1996) :
Grubb and Kraskouskas (1992) and Statz and Grubb (1991) referred to a common
R confhct when developmg curnculum for apphed acadermcs When attemptrng to mfuse S
) subject areas, faCulty members were oﬂen at odds whether an applled acadermcs course
: should stress the abstract theoretlcal ‘srde of the sub]ect 1ncludmg drscrphne-based lmodes
‘ vof thmkmg, or 1f the course should lrmrt the attentlon to academlc content and stress
:occupatronal examples Grubb and Kraskouskas (1992) documented a case at Bunker Hrll }-
| Community College (Boston) in whlch a busmess math course was 1mt1ally taught by
o busmess rnstructors However the math department thought the course was madequate

; and refused to assrgn the course a math department number Fmally, the busmess and math

S | ,faculty collaborated in developmg a course worthy of berng mcluded among the math

L oﬁ‘ermgs Statz and Grubb (1991) reported a s1nular conﬂrct when developmg a class in
. ‘Apphed Math for Recordmg Technology at Cedar Valley Commumty College in

L ‘Lancaster Texas These examples of conﬂrct between acadennc and vocatronal o
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| departments demonstrate existing tens‘ion ban’d su‘gge_stsj that collaboration is crucial to
| 'successﬁll infusion of academic and nocatiOnal education (Grubb & Kra'skouskas,' 1992;

| Statz‘&' Grubb 1991). | |

’ Apart from faculty r1valnes there may be another drawback to 1nﬁxs1ng academic

courses into vocatlonal programs Occupatlonal students tend to become segregated from

r othe.rs when enrolled in apphed acadermcs.courses. Segregatlonvcould _re_sult;m a form of :
tracking that could limit student ambitions (Grubb et. al., 1996; Grubb & Kra'skouskas;
| 1992 Lankard 1992; Statz & Grubb 1 991). In Grubband Kraskouskas'(1992) the dean

_ at Bunker Hill Commumty College (Boston) explamed the opposmon to such courses by

o statmg that occupatlonal students need to have a broader exposure by assoc1at1ng with

= | students from other dlsclplmes; In addltlon, Bunker Hill faculty members found that

o applied English fclas'ses isolated_ students»,~ and focused them too much on their technical
' itea (Grubb and Kraskouskas 1992). )
Bunker I‘Illl Commumty College students also demonstrated dlssatlsfactlon with

: applxed acadermc courses. Grubb and Kraskouskas (1992) found that apphed academic
bcourses evolved into remedial instruction m areas where students were weak As a result
g " : the students perceived the courses as adult basw educatlon and rejected the format
| ,v’_.GTubb and Kraskouskas (1992) concluded the re]ectlon was based on the notion that
apphed Enghsh classes were remedlal 1nsultmg to students and segregatmg

The llterature is replete with empmcal ev1dence that science and math students

improve acadermc performance through apphed learmng (see Brown et al 1983 CTGV -

. 1990 1992; Dewey, 1933, Garafalo &LoPrest1 1993; Sherwood et al 1987) With the e
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exception of Cross (1976) most literatUré ‘611 app,lied l'e'é.rniﬁg af the vocétional level tends.

to be hortat‘Ory father thari empin'dal. Rc“search by Cross (i976) implied th‘at'appl_iedv “

. academics may bé more cdmpét_ibiéﬁrith vocational education students since many |

- 0¢¢upational 'studentvstisplayed field dépendenf learning stylgs. As a result, tbhere is lpittlev

. quantitative ¢vider_icé thit appligd learﬁing for_voéatibnal students has improved théif :
acadenﬁc performahcé bor enhancéd their 6ccupational perféfmance once they are

employed.

Multi-Disciplinary Courses.

Another app'rpach to intégrating academic and occupational education has been to
intfoducé units of material téken from acadenlic disciplines into stahdard occupational
courseé. The results é.re courses that can be includéd in general 'educatiOn programs with
subjects of vspe‘cial intereét to‘ occupatiénal students. Thésé courses emphasize general |
skills of critical thinking and Wﬁting, but»do not necessarily reinforce academic
competenéies required forbemploym‘ent; Mﬁlti—disciplinary ’course.s tend to focus on
political and ksocial aspects of work and enhance the genéral ‘education of the student. ‘

Accqrding té research by Grubb et al. (1996), multidisciplinafy coursés commonly‘
fall into one of several group-s: (a) wofkiﬂng life as a theme éf literature, (b) science and
| technology as themes of litefature, (c) the influences of technolpgy on society, and (d) the
perspectives of history, philosophy, and art to explore the effects of technology and
production. The common element of these courses is the application of academic subjects

that are reasonably more interesting for occupational students.
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Most successful »inulti‘-d'iscipljnarsi courses at fhe corvnmuﬁity‘college have bee}r‘lv | |
“ funded by the National Endon§ht for the Humaniﬁes or-oth'elr NEH sﬁbpdﬁed pféjecfs
(I{oziol and Grubb, 1995). The reliance on special funding i§ evidence of the resohr;ies
. brequired to develop multidisciplinéry courses and other ihnovativé approaches to teﬁéhihg.
: Koziol and Grubb (1995), stress the need for staff deVelopment, since faculty must have
release time to develop new materials and most multidisciplinary required the
collaboration of faculty from many disciplines.

Cluster Courses.

A fourth approach to integratioﬂ has been to deveiop a se;ies of coﬁrses taken
‘ frorﬁ aCadéﬁﬁc gtnd occupational subjects that students take simﬁltaneously. Each COu;Sé 1s '
‘designed to complement the other course. Clustering differs from tréditional general
éducation requiremehts by providing tangible links between the courses offered. The most
effective approaches to curricﬁlum integratioh plaCé theresp_qnsibility for integré'tion
‘s"quarely,on the design ‘bf the curricillum and on how the course ‘is irﬁplemented (Grubb et
al., 1996: Grubb anci Kraskouskas, 1992; Koziol and Grubb, 1995),

Interaction between cburs.es that resulf ih clUsféring can be accomplished at several
different scales. Occupational and general’education‘classes cén be iinked, creating tandem
courses that, focus on a common outcome. Féﬁlty inembefs at W_aUkeshé County Techmcél
COllege (Wisconsin) palred Workplace'Psychology with Weldiﬁg, to integréte academic
~ and vocational education. Thve’r’esult taught occupaﬁonal studen'tshow race and ethnicity,

‘ safety, >health, and’interpersonal relationships affect the work environmen (Grubb et al.,
1996). Also in Grubb et al. (1996), Linn-Benton Community College (Oregon) faculty
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o | Wntrng

N ,Workplace combmes transfer level h1story, Enghsh, and computer mformatlon systems to

itative Methods and Technical Report

o ﬂrntegrated cumculum by palnng Busmess Qua

g ?At San Dlego Clty College a cluster called Hlstory of Technology in then | T

o ‘.;,,'__--‘;focus on the theme of h1stor1ca1 changes caused by technologlcal advances Also offered pE

L "Workplace Ethrcs and Commumcatron Sk111s combrne occupatlonal perspectrves w1th 2 |

g hberal arts StUdleS n PhﬂOSOphy and wrth wrltten and oral commumcatrons : e
In all cases students took courses srmultaneously Grubb and Kraskouskas (1992) e e :

— reported that students w1thm clusters were engaged deeper in the subJects than were most‘ S

s {commumty college students In addltlon the students had stronger personal relatlonshlps . -

| i tended to work more collaboratrvely, and developed StUdY gr OUPS and other support ‘: : :

mechamsms that resulted m lower drop out rates These oplmons are cons1stent wrth the SR

L ],’: ﬁndmgs by Tmto (1987) that show dropout rates are lower among students whose soclal &

: connectlons.‘vvrthrn;postsecondary.schools are strong._ el




Cha_pter 3 |
Methodology
lntroduetlon | |
- The contenta of 'Chaptef 3 deSeﬁbe how the project was developed. First, the
v‘ "rati’on.ale .for selecting a‘_"te:am teaching approach is stated, second the population served
) and the course _content is descnbed A'mission statement specifying student outcomes are‘ '

preSented and the chaptet» will» con‘clUde with a summary.

o Ratlonale for Selectmg a Team Teachmg Anproach to Applied Acadermcs
| The apphed acadenncs model descnbed in Grubb and Kraskouskas (1992) w1th a ..
’ team -teaehmg approach, was .se'lected for two reasons. F1rst, many secondary and post
| eee‘ondafj .schoo,l 'administrator's_'and faculty have,_SujceessﬁJlly utxhzed thevmodel_ of.ap_plied
“ .aca‘demic‘s in educational settings In moat caees whel‘e the model 'fa'iled failure -tvas‘baeed
.ona lack of cooperatnon between the departments mvolved Faculty members in the Math |
_' .’Department at Mount San Antomo College have expressed mterest m educatlonal reform -
2 and have contnbuted to vthe development of a math lab for alr condltxomng and
' refngeratnon Second, Barbara Crane Dean of Instructlonal Serv1ces and Larry Schrock
Dean of Apphed Smenees at Mount San Antonio College granted the prOJect wrlter '
penmssnon (see letter_Appendtx B)_to develop curnculum fo__r mathemancs in air _
" conditioning and refrigeration based upon an applied acadernics model with a team teach

approach.
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e v'b-b_'PopuIatlon Served

o students entermg the trade of air condltlomng and refngeratlon w1th no pnor experlence in

} ; the mdustry The course was spemﬁcally de51gned for students who have never had hlgh g e
| S_,_-‘:school algebra or had deﬁcrenmes in ﬁrst-year hlgh school algebra, or who do not quahfy "
_‘ ; -._-i for MATH 71-Intermed1ate Algebra at Mount San Antomo College A
it The curnculum was extracted from courses at Mount San Antomo College to . _
7 " 1nc1ude MATH 5 l -Elementary Algebra, MFG 70- Techmcal Mathematlcs for Industnal

E :Apphcatlons AIRC 20—Fundamentals of Refngeratlon and AIRC 24—Electr1cal

L ,_foundamentals The cumculum consrsts of formulas operat1ons w1th 51gned numbers

o “'algebralc equatlons of the ﬁrst degree specnal products and factonng, algebralc fractlons i
g "ratlo and proportlon and systems of hnear equatlons as they apply to a1r cond1t1omng and 5 i,

refngeratlon In conductmg the pro;ect that led to the development of the AIRC 10 &

e currrculum the followmg resources at Mount San Antomo College were consulted (a)

g Alf Condltlomng and Reﬁ1geratlon Adv1sory Comnuttee Members (b) Math Department v .,
- Faculty, (c) Barbara Crane Dean of Instructlonal Serv1ces and (d) Lawrence Schrock,

| Dean of Apphed Sc1ences Addltlonal matenal was extfacted from elementary algebra text

R books text books for aJr condltlomng and reﬁ1geratlon and a1r condltlonmg and

: : reﬁjgeratlon_trade Joumals.{‘ .



Summary -
The contents of this chapter described how the project was develdped. Fifst, the
rationale or the designed was déscribed; followed by the‘population served, and a

description of the course structure. The section concluded with a summary.
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N introduétion L

The contents of Chapter 4 ﬁrst descnbe how the prOJect was venﬁed The desrgn .;f o

i of the prOJect is descnbed and the chapter concludes w1th a summary

"vVerlﬁcatlon. o

| '.»Veriﬁcationof.the need fora mathflab“-for air conditioning and_reﬁigeration'was Sl L
'based upon an extens1ve rev1ew of the 11terature A rev1ew of the hterature revealed a e
B . relevant need to mtegrate academlc and vocatronal educatlon A math class focusmg on‘ S :

i "\the:speciﬁc’_’triade of air conditi_oningfand._‘reﬁigeration;ﬁt;s this‘ n‘ee'd,,fv

,"Dé‘slgg‘:

The purpose of developmg th1s course was to use mathematlcal concepts and i»’-? L

e ‘ 1 language to learn the operat1onal cons1stenc1es of air condltromng and refngeratlon IR

L the electncal s1de of refngeratwn and a1r condltlomng, and (c) the a1r s1de of a1r

o equlpment Students used equatlons that demonstrated the operatlon of electrrcal and E S -
e vmechamcal equrpment based on a vanety of pr1mary and secondary sources of 1nformatron

L »to mclude text books Journal artlcles collaboratlve leammg, and personal research :

The essentlal mathematrcal concepts of a1r condltlomng and reﬁ1gerat10n can be

'.ﬂwgrouped mto three areas (a) the mechamcal s1de of refngeratlon and a1r condltlomng, (b) =

B condmomng and refrlgeratron Students gather quahtatlve and quant1tat1ve mformatlon _: L "




from existing‘ mechenical and electrica’lb equipment in order to make predietions“about the
operation of equipment andsolve mechainical"and:electric:ali bfoblérn‘s. .

The ﬁindamental assumption behind Math for Air Conditio‘ning_and Refrigeration
is that the me_ehanical and electrical oper_ation of air conditioning and refrigeration
~ equipment is eonsistent and predictable through mathematicel undefstanding. Students
that connect mathematics with mechanicai and electiical‘operation will have the |
foundation for iife—long 1e_arning and the_ﬂexibiiity to adjust to new technoiog‘ies.

j‘ Mathematics for Air Conditioning and Refrigeration was designed so that on a
typic.al"day, students observe the operation and effects of mechanical or electrical
proeesses and thenﬁ determine the mathematical reason for its operation. In ordef to reflect
the néture of the workplace, students work in revolving gioups zind solVe problems on‘l a
col'léiborative bési's. Lab assignments' aire based on the manipuletion ofa mechaniCai and
eiectrical processes that are initially 'observed.vbythe student and later eXplained
'mathematicelly. ‘Quiz,zesare taken individually. Upon completion of the quiz, students
’p'ai'ticipate in woi'k groups to deteimine coilective solutions to the quiz questions. The
'average between the individuai and the collective answers count as the ovetali quiz grade. v
Students are required to give one presentation on one process learned duting the | semester.
All letb projects will be otganized into a portfolio and submitted twice during the semester:

at the midterm and at the final.
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The contents of thxs chapter descnbed the des1gn of the pro;ect The venﬁcatlon of
need was descnbed followed by the course des1gn and format The sectlon concluded

‘w1th»a summary.
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Chapter V

Conclusrons and Recommendatrons _

o Introduct1on .

* Chapter 5 presents the conclusions of th project and offers recommendations. The.
Conclusrons’ Con ‘. ’-

The cumculum for the Math Lab for Arr Cond1tromng and Refrlgeratlon was |

- approved by the A1r Condrtlomng and Refrlgeratron Adwsory Commlttee and the

- Academrc Senate Currrculum Commrttee A team however of faculty members crossmg o

R E academrc and vocatronal educatron was never developed The prrmary reason for thrs lack . R

- -‘.:of wrllmgness to team teach isa result of the culture of the academlc env1ronment at

- -j,mount San Antomo College Departments w1th1n an academrc orgamzat1on are establrshed

o teams w1th a strong loyalty to the drscrplme Faculty members work hard to be competent ‘ S

| ;w1thm the drsc1phne and prestrge 1s awarded _f oL

:'_y members who teach upper drvrsron

- classes in the subject area Team teachmg a subject outsrde of the normal drscrplme of the E

o . :-_‘faculty would compete w1th the challenge and pursu1t of remarmng current in the prrmary :

o l ﬁeld The prOJect wnter was mformed that a member of the Math Department team 2 .‘ 1'; :

. ’ teachmg a class m a1r condrtromng and refngeratron would have to endure the cogmtrve o e 1 :

process of learnmg the trade srmply to teach a math class comparable to elementary

- .al_gebra.~



A second 1mportant cultural dlfference beﬁeen academlc and vocatlonal programs.,
1s the product of what is taught. Acadermc classes w1th1n the Math Department are offered .“
'- for transfer toa four-year umverslty rather than specrﬁc jOb 'tralmng. As -a_result,_ student y
‘successes or failures are measured by s’tandardizedtesting. Inthe A1r Conditioning and- '
) Reﬁtgeratlon Department the end product isa useable and transferable Sklll The
structure of the learmng env1ronment reﬂects the 1mportance of developmg usable
- knowledge by slowmg or speedmg the pace of the lessons to match the ablhty of students
| -»When the pro;ect wnter dlscussed tlns fonnat w1th members from other departments -
o many faculty members v1ewed v1t as ab compronnse of both acadermc and professronal |
o v‘s.tanda,rds. | | |

‘Recommendations

The standards_ at wlnch vocational 'courses are .taught must increase. Based upon _
' therewew of 11terature busmess and 1ndustry leaders requrre hlgher learmng skills than |
what techmcal program faculty are currently oﬁ‘ermg The answer may not however
i ) mean brmgmg faculty members from other drscrplmes together to leam each others
| subjects Rather itis the recommendatxon of the pl'O_]eCt writer that vocatlonal mstructors v
‘fmcrease thelr knowledge of the humamtles math, and sciences in order to mﬁ.lse the
v’knOWIedge mto the. vocatlonal cumculum. In order to mcrease the knowledge out side the_:
 subject area of vocatlonal 1nstructors release tlme from comnnttee work and the shared
govemance ,proc'edure must'be -granted. ‘ThIS“ad‘dlthl’lal time vwﬂl allow mothated
’lnstructors~ t_o_v‘,enha'nce their yocational curriculum by lnl’usingthe subject learned directly v
" into their subject area o
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S ChapterSpresented the conclus1ons of the pro ctand offered recommendation

© The chapter concluded with a summary.




'AIR‘ CONDITIONING AND REFRIGE TION

SYLLABUS

Darrow Soares MA
(1996)

" *'Student

T 35;;,‘ Room

ﬁ,:,._'f,InstructOr e

o “;-fj:;‘tClasS Hours:_
- Offe Hours.

"‘{:_,.',";:Telephone —-

~ Mount San Antonio College, Air Conditioning and Refrigeration Department ~




01.00
S S . Class Session 1
. Mount San Antonio College . = - AIRC 10

Course Syllabus and Outline -

Mathematlcs for Air Conditioning
and Refrigeration

- Course Descrip_tioniﬁ A mathematical foundation applied to the procedures used in the
trade of air conditioning an‘d: refrigeration. The mechanical, electrical, and air side of
refrig'eration and air conditioning will be explored mathematically in a laboratory setting.

' Prereqmsnte None
' Requlred Text: Basic Vocatlonal-Techmcal Mathematlcs 5th edltlon by Olivo & Ohvo
Requlre Material: Eye protectlon note book for lab manual, and 15 foot tape measure.

Students will not be allowed to participate in the lab pI'Q]eCtS mvolvmg electr101ty,
refngerants or operat10nal equlpment with eye protectlon ' _

L ) EUEEEE ‘Percent of
Grading: _Item - - Final Grade
~ Lab Assignments 30%
- Lab Manual , 5%
Quizzes 20%
Presentation . 3%
Midterm - 20%

Final C20%

' 'Lab Assngnments The purpose of the lab assignment is to remforce the concepts
discussed during the class session. Lab pmJects will be performed individually or
collaboratively, dependmg on the type of assignment. Two or three lab assignments will be
’ a351gned each class session and are due at the beginning of each class session. Students
requiring addltlonal lab time beyond the normal class session, may attend open lab on

- g:Fndays from 1:00 pm to 4 OO pm. Lab as51gnments wxll be graded on
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01.01
accuracy, clarity, and punctuality. Lab assignments account for 30% of the total class
grade.

Lab Manua'l. The lab inanuai is a record of the student’s work and the student’s
understanding of the math principles. The lab manual will be turned in at the midterm and
at the final and graded for organization. The lab manual accounts for 5% of the total class
grade.

Quizzes. There will be six quizzes. Each student will receive a quiz with written situations
that reflect mathematical problems encountered in the air conditioning and

refrigeration industry and covered in class. Each student will work individually and turn
the quiz in when completed. When all quizzes are turned in, the students will break into
groups to readdress the quiz and decide on group solutions. The students final quiz grade
will be an average of the individual score and the group score. Qulzzes account for 20%
of the total class grade ‘

Presentation. The presentation requires the student to demonstrate a practical application
for math applied to the trade. The student may choose to clarify a project already
performed in class or she may demonstrate a new application. Students wishing to
participate in a presentation will get prior approval of both the subject and the time from -
the instructor. Presentations are optional, but accept for 5% of the total class grade.

Midterm and Final. The midterm and final will consist of a project completed outside of
~class. The midterm and the final will resemble the format of the lab projects, but will
require an understanding of the mathematical concepts covered up to the point each test is
given and call for a higher degree of motivation and independence. The midterm and final-
will require seeking information from outside resources in the form of pricing, equipment
- performance, or equipment operation. The midterm and final will be issued a week before
their due date. The midterm and the final each account for 20% of the total class grade.
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-AIR CONDITIONING AND REFRIGERATION Semester

AIRC 10

R ©01.02
| MT. SAN ANTONIO COLLEGE ‘Name:

BT

Solve for’Volt'ageand, Current Imbalances

Techmcal Mathematlcs in A1r condltlomng and Refrlgeratlon
. Instructor:_Darrow Soares g Ofﬁce Hrs:_
Prolect Sheet
Project’ | _ » - I ‘ | D
Number | T Project : | Score | Date | Signature
11 Interpretauon of Common Factlons
2 »Readmg Fractional Values .
: 3 ‘ Reducuon of Fractions
) | Addition of Common Fractions
‘5. | Addition of Common Fractlons
6 Addmon of common Fracuons and Mlxed Numbers
Multlphcauon of proper fractlons proper fractlons and mlxed
_7 '| numbers, and mixed numbers : :
|8 Multlphcatlon of mixed numbers ‘ _
) Division of mixed numbers and the dmslon or mult1phcat10n of
9 fractions
10 Multlphcatlon and dwrsron of nuxed numbers
» 11 Expressmg Fracuons as Dec1mals ,
12 Addmon of Dec1mal Measurements, .
713 ’ Subtractlon of Decrmal Measurements
14 ’Multrphcatron of Dec1mal Numbers 7
15 ‘Muluphcatlon of Decimal Numbers L
|16 Division of Decimal Numbers v _
‘17 | Surface Measure and Conversmn to Eqmvalent Umts -
18 | Volume Measure -
Volume Measure of “a Liﬁujd Receiver - |
120 :Det‘emlining'Percentage '
21 | Determining Percentage
22 ‘ , . .
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| MT.SAN ANTONIO COLLEGE ~ Name._
© AIR CONDITIONING AND REFRIGERATIO '

| AIRC 10
.‘Instructor Darrow Soares

Sernester,--\l:; L

Ofﬁce Hrs

Prolect Sheet

Techmcal Mathematxcs m Atr condmomng and Refngeratlon

g Num,be,rj AL U O .’j,';l_’rojectf:".,

| Score -

Date |

Signature

24

25

'.Subtractlon of Negatwe and Posmve Quantmes

Umts and Converswn

26

. Solvmg for Mass

N BY

P

' Solvmg for Absolute Gage and Vacuum Pressuresf *
' Solve Equatlons by Addmon and Subtractlon e

Solve Equatlons by Multlphcatlon and thsxon

)

peczﬁc Heat The Sensxble Heat Formula

o 31

, Latent Heat The Latent Heat Formula

N

5 Latent Heat Formula Apphcatlon

R EE

Solvmg AlgebralcEquatlons R |

1 3

Report Companson between the. system a551gned and a system o 1 .

135

assggned to a different group

_Dlrect Proportlon

o '-_36

,.DlrectPropOrtlon T

- Nz L

Inverse Proportlon

B KT

;Solvmg for Au' Volume and Motor Horse-power Requlrements




AIRC 10 - | | - 'ClassSeSSion2}

'Objectlve After satlsfactonly completmg thlS lesson, each student should be able to:
1. Understand the terms and functions of common fractions as they relate to the
HVAC industry. :

2. Transfer common fraction values to equ1valent measurements on tape measures,
- rulers, and other measuring tools.
3. Reduce proper and improper fractions to their lowest terms.

Information: Basic vocational-technical mathematics by Olivo & Olivo, Unit 6. -

‘Essential Concepts:
1. The denominator of a fractlon 1nd1cates the equal number of parts into which the
~ the unit is divided.
2. The numerator indicates the number of equal parts of the denominator that is
 taken.
3. The value of a fraction is not changed when both the numerator and the
-denominator multiplied or divided by the same number.

Structure:

The instructor will discuss the essent1a1 concepts based upon the assigned reading. When
no further questions about the essential concepts are observed, the students will complete
three in-class projects. ‘

1. Interpretation of Common Fractions '
Circles and squares are divided into 6, 8, 16, 32, or 64 parts The student
* must identify, by shading the spaces, the part of the square or circle identified by
the fractions. This project can be found at 2.01. ’

2. Reading Fractional Values
The student will determine the outside diameter of each sample refrigerant line
and reduce the fractional measurment to the nearest 1/16 of an inch.. This  project -
is located at 2.02. ‘

3. Reduction of Fractions ‘ ‘
The student will match each fraction with a sample refrigerant line from project
and 2.02 and record it in the space provided. This project is located at 2.03.

Evaluatlon

There are six points possible for this activity. Each student completlng all three pl”O_leCtS
will receive full credit for thrs act1v1ty :
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- Interpretation of Common Fractions
Objective: " This project will demonstrate the concept of common fractions

Procedure:  The circles and squares below are divided into 6, 8, 16, 32 or 64 parts.
‘ - Identify, by shading the spaoes the part of the square or c1rcle identified by

~ the fractions
(o) g 32 32 @g (&3 N%
. BPARTS » A N ! 6PARTS » _ e
@z mi WE o W RO mg
Ll 'ARTSS .- O . . E .
(m3$5 ,(ﬂ)f,,—z o (o)'z,é2 ; (p)g-g (q)%—"z’ . (r)g-g
 STramTs . .
OF Ok : w2 w3
64 'AR‘TS
(W_)%
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AIRC10 S | Name: |

_ Reading ‘Frz‘l_cti__onval' Values
‘Reduction of Fractions to Lowest Terms

Objective: ~ This project will allow the student to determine common fractional values .
'~ to equivalent measurements on steel tapes, rulers or other measuring
“tools: '

“Procedure:  Using a tape measure and a sample of copper refrigerant lines and a
sample of copper water lines, checked out from the tool crib, the

- student will record the dlameter of each sample line to the nearest
1/16” and record in the space below. The student will reduce each
measurement to lowest terms and record to the right of the ongmal

~ measurement.
Re‘cord.‘the outside diameter Record the inside Diameter
for the refrigerant piping for the water and plumbmg '
samples. - piping samples. »
A: / : 4 | L /.
B / II: /
c__, ur___J
D: [ o IV /
E / V: /
F / VI /
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. AIRC 1o
T Pl’O]CCt 3

bt

- Procedure:

; Thrs prOJect wrll allow the student to reduce fractlons to therr lowest :'_i’
' terms and then apply the measurements to dev1ces commonly usedin -
7",-51_:_the HVAC 1ndustry WU s 3R v

Reduce the followmg fractlons to therr lowest terms Then match each-_',"“- i .
 fraction with a sample refngerant line and record 1t in the space b

‘\.f:prov1ded B

1520

e Reduce the followmg fractlons to thelr lowest terms Match each ERTR

1816 15/40

o ’.  fraction wrth the sample water prpmg lme and record in the Space'
o -provrded B A B v

o

8/,'8_“-. o




" AIRC 10 Class Sess1on 3
B ‘\;Objectlve Aﬁer satlsfactonly completmg th]S lesson, each student should be able to :
i 1 Reduce common fractlons to lowest common denommators e

Add and subtract inmon fractions. ORI
Add and subtract mrxed numbers and common fracttons

‘v'f?-f'_*;Informatlon Bas1c vocatlonal-techmcal mathematlcs by Ohvo & 011V0 Umt 7&8

."ij[Essentlal Concepts E L ~ VORI e
o f..f.l “Toadd or subtract comblnatlons"o whole numbers and fractlons the denommators S
o -of each fraction must be the same.’ ‘

S 2. The smallest number that can be d1v1ded by all the denommators is the lowest
g ‘common denommator R . S ORI

= "Structure L Sl e L e et

- In order to remforce the essentlal concepts the 1nstructor wﬂl review the rule for reducmg R

L fractions to the lowest common ‘denominator, the rule for adding and subtractmg fractions, -~

© . mixed numbers ‘and common fractions based on the assigned reading. When no further =

SR questlons about the essen ial »concepts or rules are observed the students w111 complet
e three m—class pro_ject Bl SRR

FREIS: ?"fAddmon of Common Fractlons . TR T A :

" Each student will compute the total horsepower of the motors in shelves 3
A through 8 in the electrical lab, bulldmg 21, room 8. “The horsepower ratmg can
L be found on nameplate if each motor Thrs project is located at 3 0l

¢Add1t10n of Common Fractlons N R - e
Lt ,i;Each lab group will revrew the rule for connectmg capac1tors in senes and

2 f-{‘_cncults With the approval of the instructor or T.A. the lab group will R
~connect the capacitors to together to achieve the requlred microfarad ratmg » basedf' S
B ”_upon the addltlon of ’common fractlons This pro_lect 1s located at 3 02. X

"wer' to lowest terms Th1s vprOJect ~‘Qlocated at 3 03 “

Evaluatlon , s [EEE ST s
E ""There are SiX po1nts possrble for th1s act1v1ty Each student completmg :
- w111 recerve full credlt for this act1v1ty ) ; Rt ‘

three projects



03.01 | v e
AIRC 10 | \ . 'Name
Project 4 | Date: ‘

Addition of Common Fractions

Objective: ‘The purpose of this project is to practice the addition of common
ractions based on the addition of fractional horsepower motors.

Procedure:  Each student will record the nameplate data of the motors in shelves 3
through 8 in the electrical lab, building 21, room 8. Once the data has
been collected and provided in the spaces below, illustrate the motors
in a series circuit on a separate sheet of graph paper and show the total
horsepower and amperage draw of the circuit. '

Motor #1

Frame:____ Voltage: RLA: | RPM: Hp:
Motor #2

Frame: Voliage: RLA: RPM: Hp:
Motor #3

Frame:____ Voltage: RLA: RPM: Hp:
Motor #4

Frame:____ Voltage: <RLA: RPM: Hp:
Motor #5 |

Frame:. __ Voltage: RLA: RPM: | Hp:
Motor #6

Frame:__ Voltége: RLA: RPM: Hp:

NOTE: RLA= running load amps. ' RPM=rotations per minute. Hp=motor
horspower
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1 03.02 o - | e
‘AIRC10 ‘ o ' © Name:_

Project 5 - e o Date____ |

Addltlon of Common Fractlons
' Capacrtors f

Objective:  The purpose of this pro;ect is to practlce the add1t10n of common fractlons -

for the purpose of determining the micro farad ratmg of capacitors electrically connected »
in series or parallel -

. InfOrmatlon’ Capacitors can be connected in series or parallel to provide the desired

charactenstrcs if the voltage and micro farad (MFD) rating are properly selected. When

* two capacitors having the same MFD rating are connected in series, the resulting total

capacitance will be one half the rated capacitance of a one of the capacitors used alone.
That is because the formula for determining capacrtance (MFD) ‘when capacitors are
connected in senes is as follows

1/MFDt= l/l\/[FDl + 1/MFD2

The voltage rating of capacitors connected in series is equal to the sum of the voltage of

~ the individual capacitors. When capacitors are connected in parallel, the MFD rating is

equal to the sum of the individual capacitance. The voltage ratmg is equal to the lowest
voltage ratmg of the individual capacitors.

 Procedure:  Each student will be assigned four reﬁ‘rgeratton compressors Based on the
‘model number of each compressor, the student will reference the manufactures
‘performance data to determine the micro farad ratmg and the voltage ratlng of the
capacitor requrred for each COMPpressor.

Based on the available capacitors the student will determine the combination of
capacitors-applied in series or parallel- required to achieve the micro farad rating and

v voltage rating requlred for the compressors ass1gned

With the approval of the instructor, the student connect the capacitors together. When the

appropriate connections have been made, the student will apply a capacitance meter to

~ the project and measure the microfarad output of each circuit.

56



03.03

- Solve for A tht.ough E on the‘followiﬁg illustration.

“AIRC 10 . Name:
- Project 6 Date:
~ Addition of Common Fractions
- and Mixed Numbers
‘Copper Piping and Illustrations
Objective: - The purpose of this project is to practlce the addltlon of common
- fractions and mixed numbers as they apply to 1llustrat10ns and practlcal
v apphcatlons . v -
Procedure:  Each student will check out a tape measure and a sample of copper
' ' 'refrlgerant lines. The student will determine the total length of the
samples and reduce the answer to lowest terms. When the student has
completed the initial sample she will trade pipe samples with another
~ student and determine the total length of the new sample set. The .~ -
student will proceed until all five sample sets have been measured andv AL
'quant1ﬁed -
Sample: # | o# [ # T # | ows |
length A _ - v — T — =
length B
length C
length D
length E
length F
Total Length
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'_0400 L
'AIRCIO .- ClassSession4

‘ _Objectlve After satlsfactonly completmg this lesson the student will be able to:

1. Solve practical problems requiring the multiplication of two or more fractlons
2. - Multiply fractions, whole numbers, and mixed numbers. ‘

3. Simplify the multiplication process by the cancellation method.’

" Information: Basic vocational-technical mathematics by Olivo & Olivo, Unit 9.

Essential Concept:
1.  The multiplication of fractions, like the multrphcatlon of whole numbers, is a
simplified method of addition.

Structure: ' '
The instructor will discuss the essential concept of the lesson. In order to reinforce the
essential concept, the instructor will review the rule for multiplying common fractions, the
rule for multiplying a common fraction by a mixed number, and the rule for multiplying
fractions, whole numbers, and mixed numbers in any combination. When no further
questions about the essential concept or rules are observed, the instructor will discuss the
‘rule of canceling by evenly dividing numerator and denominator. When no further
questions about canceling or the previous rules are observed, the students will be assigned
one in-class project and one project completed outside of class. '

1. Multlpllcatlon of proper fractions, proper fractions and mlxed numbers and mixed
numbers. Completed in class
Each student will be given 20 fractions to solve based on the rules discussed.
- Students completing the assrgnment early are allowed to work collaboratively
with other students requmng additional help This.assignment must be tumed by
the end of the class session. This project is located at 4. 01. o

2. Multiplication of mixed‘numbers.

Evaluation: -

There are six points poss1b1e for these act1v1t1es Students completmg both projects will
receive full credit. Students who do not come prepared, do not participate, or failto -
complete,a project will lose three points for each assignment. .
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AIRC 10 | ' Name:

Project7 : D ~ Date

Multiplication of Proper Fractions
and Mixed Numbers

Objectivef ‘The purpose of this project is to practice the multiplication of common
' fractions and mixed numbers as they apply to written problems and
practical applications.

Procedure:  Each studenf will refer to lab project 3.03. Based on the total length of
‘ - each copper sample, the student will multiply the determined length of
each sample by the value given below to solve for a new overall length.

Sample #1 X 12172 = ______ | | SMp1¢‘#1:X‘7/16 =
Sample #2 X 5 1/4 _ L Sample #2 X 11/32=
- Sample #3 X 734=__ " Sample #3 X 1/16 =
Sample #4 X 1123 = o | Sample #4 X 21/7 =
Sample #5 X 31/3 = . Sample#5X22/8 =
Sample#1 X 218 = ‘Sample #1X128=
Sample #2 X’ 41/3’ = . | 'Sample#2X4/1‘6 = _
Sample#3 X 313 = _ Sample #3 X 6/17 = __
| Sample#4 X 318 = __ = Sample#4X7/16 = _____
Sample #5 X 42/4 = o Sample #5 X'2/lé =
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AIRC10. - Class Session 5
B :Ob_]ectnve After satlsfactonly completmg this lesson, each student should be able to

. lf. Solve practical problems requiring the division of fractions.
Solve practlcal problems requmng the division and multlphcatlon of fractlons

: Information‘ Basic"Vocational-technical mathematics by Olivo & Olivo, Unit 10.

“ ~Essent1al Concept :
1. Division of fractions is the process of determmlng how many time one number is
contained i in another '

Structure: -
‘The instructor will discuss the essentlal concepts of the lesson. In order to reinforce the

‘essential concepts, the instructor will review the rule for dividing fractions, the rule for

dividing a fraction and a whole number, and the rule for dividing mixed =~ numbers.
When no further questions about the essential concepts or he rules for dividing fractions

“are observed, the instructor w1ll discuss the rule for problems requiring the multiplication
and d1v1s1on of fractions, -

1 Division of rmxed numbers, and the division or multiplication of fractions.
Each student will be given 30 fractions to solve based on the rules discussed.
Students completing the assignment early are allowed to work collaboratively
with other students requiring additional help. This assignment must be turned in
by the end of the class session. This project is located at 5.01.

2. Multlphcanon and dmsnon of mixed numbers

Each student will be assigned a package air condltxomng umt located in building

21, room three and supplied with product data. From the product data the student
will determine the weight of the air conditioning system assigned. By measuring the
area the air conditioner occupies (the foot print), the student will determine the -
number of pounds per foot in the air condmomng system ThlS project is located at
5.02.

: Evaluatlon.
There are six points possible for these actlvmes Students completing both prOJects will
receive full credit. Students who do not come prepared, do not participate, or fail to
complete a project w1ll lose three pomts for each a551gnment
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Project 9

: Objective:

Name |
Date

Multrphcatlon and Dwnsnon
of Mlxed Numbers '

'The purpose of this pl‘O_]eCt is to allow the student to practlce the S
" multiplication and division of fractlons as they apply to practical

problems in the HVAC 1ndustry

- Procedure:

Each student wﬂl refer to the phys1ca1 data for AC&R type M and L

copper pipe at 5.01a-b. Based upon the physical data, the student will |
determine the weight of copper p1pe based on the dlameter and

' _thlckness of the type ass1gned

When the physrcal data has been recorded the student w11] apply the

1.

' Suctlon hne. i , ‘ e L1qu1d line:

o Welght hrmt

. ) ‘information to refngeratlon installations #16, #17, #18, #19 in bulldmg |
21, room 3,t0 address the followmg problems :

Determme the welght of copper used to supply the suctlon and o |
the 11qu1d line for installation #16. ’

Detemune the weight of ‘copper used to supply the suctron and :

2 ,‘the 11qu1d hne for 1nstallatlon #18.

Suctlon lme o L1qu1d hne

. Determme the total welght of the copper pipe for umts #16
L #17, 18#, and #19 suspended from mechanical hangers (channe]
: and all thread) . v

Total. we1ght‘~ %

o v, ’Based on the physrcal data at 5 Olb what is the weight limit for |
‘the hangers mstalled at 1nstallatlons #16 #19
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05.01a

Nitrcg.énize‘d@f ACR Copper Tubé o -

{

Mueller Brass Co.'s patented* * cleaning, purging and pres-

’ surizing process assures the high level of tube cleanliness

established by the conforming to the ASTM B 280 refriger-

ation industry standard. The tube is sealed with patented*

plugs which maintain the standard of cleanliness from the
.- factory to the job site.

' —Gtreamline® COPPER TUBE PRESSURIZED WITH

. NITROGEN provides maximum protection against the for-

mation of harmful oxides normally formed during brazing

operations. Reduction of these oxides greatly reducesv

system contamination.

" Plugs are reusable. When less than a ”0‘ length of tube is
required for an installation the unused length of tube may

be replugged to prevent atmospheric contamination dunng :

storage.

aled

‘.

PAI &W—HADE ] US.A’

‘ = WUELLER BAASS OO0, NTROGENIZED=ACRZPAT
e

Streamline® N«(rogemzed ACR ‘seamiess copper tube is
available in sizes 3" OD thru 314" OD. Larger sizes 1rom
3%" OD thru 6%" are cleaned and capped.

Mfg. in Accordance with ASTM B88 dype.L. Cleanéd in
Accordance with ASTM B 280. 20-Ft. Lengths Hard Drawn
— Cleaned and Capped — Color Coded Marked “ACR "

d temperature

‘Table gives computed allowable stress for PP
SAFE WORKING INTERNAL PRESSURES — ANSI-B31.5-1974

tube at indi

150°F . 300°F

Tube - - wall Wt. Per " Lengths 200°F . - 400°F
oD - Thickness Foot Per Bundle - Psl PSL - (23] PSt
% 030 a2 100 810 720 705 . 450
% 035 .198 25 675 635 625 ° 395
5% 040 285 25 625 590 580 365
% 042 .362 10 845 515 505 825
% 045 455 10 495 470 455 290
1% 050 655 5 440 . 410 - 405 260
1% 085 884 5 385 365 ass 230
1% 2060 1.14 5 355 340 330 210
2% 070 1.75 3 315 300 290 185
25 080 248 2 " 295 . . 275 275 175
3% 080 3.33 1 275 " 260 255 160
3% .100 429 1 270 256 245 185
4y 1110 5.38 1 265 240 235 150
5% 123 7.61 1 235 220 218 140
6% 140 10.20 - 1 215 210 200 - 125

*U.S. Patent 3,200,984

“*U.S. Patent RE. 26124, Canadian Patents — 723,463 and 751,099

—Streamline ® Nitrogenized® ACR Copper Tube Is Your Best Investment Against System Contamination.
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Refrﬁgwfaﬁ%mn ASQW&ce Tube

\EMMIM dehydrated -and vni"trogeh purged " A cleaning and drying process removes moisture a=d con-
sealed copper tube is of a consistent fulty annealed temper, tarninants anc the tube is manulactured in ascordance with
bright ‘and thoroughly dried and packaged in individual ASTM B260 and ANSI BS. 1 refrigeration industry standards.
cartons. Each carton is clearly labeled showing size anC o special lengths and sizes not listed please consult your
length. - ) tocal Mueller Brass Co. representative. |

Table gives computedbaf!owab!c stress'for snnezled coppet tube at Indicated temperature

SAFE WORKING INTERNAL PRESSURES — ANGiI-B31.5

Tube Wall oW 150°F 250°F 350°F 400 °F
©0 . Thickness Per Foot PSi ' (=1 B PSi P5i
% 830 0347 2660 2450 2080 570
Ya : 030 0575 1690 1560 1320 1660
Va 020 0804 : 1230 1130 a70 720

e 032 109 1040 960 820 §10
% 032 134 860 750 670 ‘ 500
Y% 03z : 182 : 830 580 ‘ 290 370
i . 038 o251 540 500 430 320
% 035 308 : 440 400 - 350 260
% 045 455 500 460 380 300
1% 050 £55 430 400 : 340 250
13 055 884 ) 380 360 . 300 230
1% : 080 1.140 370 <340 280 220

Weightc and Standard Packaging —
individuatly Cartoned In 507 Colts*

Tube | Wi Per  CollsPer Wi Per  Coll  FiPer
0D Coll Master Cin. | Master Dia. $aster
Y 1.74 10 17.4 16‘ 500
Y 2.88 10 28.8 14%, 500
Ye 4.02 10 . ag.2 143 500
Yae 545 10 545 1614 500
3 gvo | . 10 67.0 16% 500
1 $ 10 5 455 20 250
% 12,85 g £2.75 22 250
3 .| 1525 3 1 o4sys {25 1 180
Y, 275 — 2275 | 21% 50

T poseTs ol - 22.75 34% 50
13 44.20 - 4420 29'% 56
1% | §7.00 - | st agy’ £0

100 Foot Codls Also Availadle
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CHANNEL NUTS & HARDWARE N /I!_ﬂ—nh%x

} = PartNo. - Weight Per 100 Ft. (3048.0 cm)
71 & Size " . et k
ATR V" 12
ATR %" 19
ATR %" 29
ATR %" - 53

- 89
123
170
- 225

ATR %”
_ATR¥%" -
"ATRA". > |
ATR1" . <8 4960

V‘Wi(h minimum Safety [* actor of 5. ) .
{ Avallable tn 36" (9! 4 cm), 72° (182.9 cm), ‘120" (304.8 cm), l“' (365.7 cm) lengths.

R ‘“\\‘\\

\\\\ \ \\\\
NN \\\\\\
\\\\\\\\\\ \\\\\ )

" \\“\\\\\ _

ATR.~ ALL THREADED ROD

¥%"-16 & Ye*-20

Ve"-20

| B655-Y«

B656-% x Ve
B655-%ie %6"-18 B656-%x % | %"-13 & %°-16
B655-% - %"-16 B656-%x V2 | %11 & %13
B655-% T %3 B656-%ix ¥% | %"-10 & %"-11
B655-% . %11 B656-%x% | %"-9 & ¥%"-10.
B655-Y Y10

HI Béss-% %"-9

B655-1 18

-B655 ROD COUPLING . 11~ 'B656 REDUCERROD COUPLING -

. STANDARD FINISH: Electro-Plated -
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~ AIRC 10

Project 10

~ Objective: -

- Procedure:

. Name:
Date:

Multiplication and Division
‘of Mixed Numbers
The purpose of this pfojecf is to allow the student to‘ i)ractice the )

multiplication and division of fractions as they apply to practlcal
problems in the HVAC industry. - .

 Each student w111 be assigned three package air conditioning uhitsv
located in building 21, room three. Referring to the product data at

5.02a-c, the student will determine the weight of the air conditioning
systems assigned. Based on the units weight and the area the system

~ occupies (foot print), the student will determine the number of pounds

- per square foot of each air conditioning system.

Application:
' ~ roof of a building. Roof trusses and beams supporting this equipment
 are required to support weight in pounds per square foot.

Unit#3  Unit Model:

Air conditioning and refn'gerétion equipmént are often located on the

Unit#1 Unit Model:

Unit Weight:

© Weight/foot:

Unit #2 Unit Model:

- ~ Unit Weight:

Weight/foot:

| Unit Weight:

Weight/foot:,
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05026
 Base unit dimensions

SMALL-CABINET UNITS
vt l ) ELECTRICAL UNIT WT . CORNER WT (Lb-Kgq)
) A {eTw| 4 8 Cc ] ©
WNLTO1S 206/230-1-60 "1 450 ] 204 | 9 45| 126/57 ] 12657{ 99MS
. #6NLTT24 . 208/230-1-60 | 454 | 206 | -1vo0us | 127758 | 127456 | 100MS -
" 4aNHTO24 ~ 208/230-1460 %60 [ 210 | 10146 | 129/59 | 129/58 | 10146
Ta8NLTON ~2087230-160 270 214 | 10347 | 13240 | 13240 | W4T -
SMUTON0 2007230-160 - 476 | 216 |. 10548 | 133460 | 133460 | 10548
"4SNHTT30 ] 206230160 . . 480 { 218 vo6/a8 | 13481 | 1341 | 0648
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— T — " - T2SNMTOAZ | 2087230-1-60, 208230-3-60, 460-3-60 | S00{ 228 | 110/50 | 14064 | 14054 | 18050
. T2aNTTA2 | 2087230150, 200230360, 460-3-60 | $00 | Z28| 110/50 | 14064 | 14064 11050
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06.00

“ AIERC’-i’O’ | v, ,’ T L Class Sess10n6-

: . »Objectwe Aﬁer Satrsfactonly completmg th1s lesson, each student should be able to L
1. Understand how fractional measurements are wrltten in the decrmal system

- 2. Round off decrmals

- 3. ~Add and subtract declmals in general apphcatrons and in practrcal measurement E
problems ' : . : :

= Informatlon: Bas1c VOCatilonal-technical rnathematicsby Olivo & Olivo, Unit 12. -

I Essentlal Concepts

v 1. Adecimal number is a fractlon wrth a denommator of 10 100, 1000 or any
: multtple of 10. : . ,

2. Toaddor subtract fractrons the g1ven numbers are written 5o the declmals are

~ aligned in a vertical column and then added or subtracted the same as regular -
- “whole numbers ' o v

R '}Structure. o o - - . X
* The instructor w111 rev1ew the rule for expressmg decrmal values the rule for roundrng oﬁ‘

" decimals, and the rule for addmg and subtracting decimals based on the assigned reading.

' : ,When no further questions about the essential concepts or rules are observed the students
‘ .w111 complete three m-class pro;ects e : -

1 Expressmg Fractrons as Decrmals

- The student will determine the outside drameter of each sample and convert the ‘
o '-answer toa dec1mal equrvalent Tms prolect 1s located at 6 01 '

o 2.55"1.Addmon of Declmal Measurements

" Based on the refrigerant line samples the student w1ll determme the total length o
o of samples comblned and convert to a declmal equrvalent ThlS pro;ect is located -
. zat602 : - o .

B 3, B Subtractlon of Decnnal Measurements

" The wire diameter’ for wire gage sizes 10 through 16 is g1ven in the Natronal
’;Electncal Code sectron 70-830. Based on the NEC ‘each student w111 determme ”
- the d1fference in drameter between glven w1re gage sizes. Thls pro_]ect lS located
" at603 : 3 : b :

_Evaluatlon

. There are five points poss1ble for thlS act1v1ty Each student completmg all three pro;ectsf Lo
o will recelve fl.lll credrt for this act1v1ty ' ) ' '



06.01

AIRC 10 ~ Name:

Project 11 Date:
E_xpresSing Fractions as Decimals

Objective: The purpose of this project is to practice convertlng fractlonal

measurements into dec1ma1 measurements.

Procedure:  Each student will check out a tape measure and a sample of copper
refrigerant lines. The student will determine the outside diameter of
~each sample refrigerant line and convert the answer to a decimal
equlvalent When the student has completed the initial sample she will
trade pipe samples with another student and determine the decimal
‘equivalent of the new sample set. The student will proceed until all five
sample sets have been measured and quantified.

Sample: #

ODD: A.

#2 B B 7' _#5

OD: B.

0.D: C.

O.D: D.

OD: E.

Sample: - #1

0 B 85

1D: 1

LD: 1L

ID: 1L

1.D: IV.

ID: V.

O.D. = outside dlameter of pipe. ID.= m51de dlameter of plpe
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B : | ObJeCtlve ‘The purpose of thlS' pro;ect is to practlce convertmg fractlonal
Ve Procedure Each student w111 check. out a tape measure and a sample of copper

;fkmﬁhA;?ffffJffi"
'"fg;km;hc‘gof;fiﬂf;
'"'?fﬂhmyhnﬂﬁ{77“fz°”

‘ Jf?wmghEﬁf3;;f7fj(fi}

“TOtaly Le,n h

_, Ex ressmg F'ra'ct‘i?on's as"."Deéimals:. S

S ;;measurements mt dec1ma1 measurements

S refngerant hnes The student will determme the total length of each
- sample setasa rmxed number and convelt the m1xed number to a
: *,~‘_dec1mal equlvalent : : : . R

| ""”»length B ' /

- 3 flength F




06.03
AIRC 10

- Project 13

Objective:

Information:

Procedure:

- Name:
. Date

Subtraeﬁon of Decimal Measurements
for Electrical Wire Gages : ‘

The purpose of this project is to practice the addition and subtracnon of
decimal numbers as they apply to electrical conductors used in the HVAC B
industry. .

Wire gages are based on the cross-sectional area of the wire and are
measured in mils, circular mils (CM), or square mils (SM). The cross _
sectional area of a conductor is the area of the end of a conductor when cut
at a right angle to its length. A circular mil of area is equal to the area of a
circle one mil in diameter. A square mil of area is equal to the ~area of
a square whose measurements are one mil on each side. A milisa umt of
wire measurement equal to one-thousandth of an inch. '

‘Based upon the National Electrical Code (NEC) sample found at 6. 03a-b,
each student will determine the difference in diameter, Resistance in ohms o

per 1000 ft and ampacity between the wire gage sizes given below.

[Wiresize | Dift. Diff. — | Dift/

AWG = |Diajin.  |OhmyM | Amp.

10 & 14

8& 10

10& 12

0& 2

6& 8

T



0603

TABLE 4-2 (NEC TABLE 310-12) ALLOWABLE AMPACITIES OF INSULATED
~ COPPER CONDUCTORS - v )

Not More than:Three Conductors in Raceway or Cable or Direct Burial (Based on Ambient

Temperature of 30° C 86° F) -,

- Temperature Rating of Conductor. ‘See Tatle 310-2a

Size
LAWG | 60T ST | 85T - 90°C 10T 125°C | 200°C. 250C
MCM (140°%) (167°F) (185°F) (184°F) (230°F) (257° | (392°R) (482°F)
“| o Tvees
. ) TA, .
* TYPES - . TBS, SA,
CRH, " Ave, TYPE
RHW, sts, TYPES TFE
TYPES RUH i FEP,. ; A (Nickel or
URUW | {14-2), : FEPS, ‘ TYPES (14-8), nickel-
(14-2), THW, | TYPES | RHH, TYPES Al AR coated
T THWN, v, . THHN, AVA,. (14:8),, FEPT copper
™ | XHHW Mt XHHW* . AVL Z4AIA ) FEBP+ only) .
14 | 15 15 | 25 | -25¢ . 30 30 30 - 40
12 [ 20 20 ‘30 30¢ [ 35 40 40 55
10 30 . 30 40 - 40% ~45 . 80 55 75
8 40 45 50 50 60 .| .65 70 .. 95
6 55 65 70 70 80 85 .95 | 120
45 1 70 85 90 0 105 115 120 145
.38 80 100 105 |} 105 120 130 145 170
25 95 115 120 120 135 145 165 | 195
1§ | 110 130 140 | 140 . 160 170 190 220
0§ | 125 150 155 155 190 -200 225 250
00§ | 145 175 185 | 185 215 230 250 280
000 165 200 - 210 210 245 265 . 285 315
0000 195 230 235 235 275 310 340 370
250 215 | 2585 :| 270 270 315 335
300 240 | 285 300 | 300 345 380
350 260 310 | 325 325 390 - 420
400 280 - 335 360 360 - 420 450
500 320 -+ 380 405° 405 470 500
- 600 355 . 420 | 455 455 | 625 545
700 |. 385 460 490 - | 490 560 600
750 400 475 7500. - 500 - -580 620
800 410 490 515 515 600 640
.900 435 620 - | - 555 .| 555 ‘ ’ )
1000. | 455 545 585 | 585 680 730
1250 | 495 590" 645 645 i
1500 520 625 700 700 785
1750 | 545 650 735 735
2000 560 665 775 775 - 840

* For-dry locations only. See Table 310-2a. : :

These ampacities relate only to conductors described in Table 310-2(a).

t Special use only. See Table 310-2a.. = -

# The ampacities for Types FEP, FEPB, RHH, THHN, and XHHW conductors for sizes AWG
+14, 12, and 10 shall be the same as designated for 75°C conductors in this Table.

For ambient temperatures over 30°C, see Correction Factors, Note 13.

§ For three-wire, single-phase residential services, the allowable ampacity of RH, RHH, RHW,

THW and XHHW. copper conductors shall be for sizes No 4-100 Amp., No. 3-110 Amp., No.

'2-125 Amp:, No. 1-150'Amp., No. 1/0-175 Amp., and No. 2/0-200 Amp.
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06.03b

TABLE 4-1. DATA ON ROUND ANNEALED COPPER WIRE -

" Wire Size,

Otems pet

AWC Diam, in. ™ m 68T fLpertn”
4/0 . 0.4600 211600 166200 0.04901 1.561°
3/0 0.4096 167800 131800 0.06182 1.969
2/0 0.3648 133100 104500 0.07793 2.482
1/0 03249 105600 82910 0.09825 3.130
1 '0.2893 © 83690 65730 0.1239 3.947
2 0.2576. . 66360 52120 0.1563 4.978
3 0.2294 52620 41330 0.1971 6278
4 0.2043 41740 32780 0.2485 7.915
5 0.1819 33090 125990 03134 9.984 .
6 0.1620 26240 20610 " 03952 12.59
7 0.1443 20820° 16350 0.4981. 15.87
8 £ 0.1285 16510 12960 .0.6281 20.01
9 0.1144 13090 10280 0.7925 - - 2524
10 0.1019 10380 8155 09988 31.82-
11 0.0907 8230 6460 1.26 402
12 10.0808 6530 5130 . 1.59 . 506
13 0.0720 5180 4070 2.00 63.7
14 0.0641 4170 3230 252 80,
15 0.0571 3260 2560 3.18 101
16 0.0508 2580 2030 4.02 128
17 0.0453 2050 1610 5.05 161
18 0.0403 . 1620 1280 639 203
19 0.0359 1290 1010 805 256
20 0.0320 1020 804 - 101 323
21 . 0.0285 812 638 12.8 407
22 0.0253 640 503 162 516
23 0.0226 511 . 401 203 647
24 0.0201 404 . 317 25.7 818
25 0.0179 320 252 324 1030
26 | 00159 253 199 41.0 1310
27 ©0.0142 202 158 51.4 1640
28 0.0126 159 125 653 - 2080
29 0.0113 128 100 812 2590
30 0.0100 100 78.5 104 3300
31 0.0089 - 792 622 131 4170
-32 -0.0080 64.0 503 162 5160
33 - 0.0071 50.4 39.6 206 6550
34 0.0063 39.7 312 261 8320
35 0.0056 314 24.6 331 ‘10500
36 0.0050 25.0 19.6 415 13200
37 0.0045 202 159 512 16300
- 38 0.0040 16.0 126 648 20600
39 0.0035 12.2 9.62 847 27000
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| R - | | . 07.00
“AIRC 10 ' o ' Class Session 7

. Objective: After satisfactorily completing this lesson, each student should be able to:
- 1. Solve practical measurement problems 1nvolv1ng the multlpllcatlon and d1v151on _

of decimals. _ : »
2. Express fractions and m1xed numbers as decxmals

"Information: Basic vocational—technical mathematics by Ol_ivo' & ()livo, Unit 15&1-6. |

‘Essentlal Concepts: , = L ‘

1. The multiplication of dec1mals like the multlphcatlon of whole numbers isa

"~ simplified method of addition.

2. Division of decimals is the process of determining how many tlmes one number
~ is contained in another. -

3. Decimals are the result of dmdmg the numerator ofa fractron by its denominator.

Structure _ ' : o o
~ The instructor will discuss the essential concepts of the lesson. In order to reinforce the

- essential concepts, the instructor will review the rule for multiplying decimals, the rule for

“dividing decimals, the rule for expressing fractions as decimals, and the rule for changing

*'decimal to percent. When no further questions about the essential concepts or rules are

~ observed the students will complete three in-class projects.
1. Multiplication of dec1mal numbers :

- Based upon a list of material assigned by the instructor, the student will compute
. the total cost of the material including sales tax. This project 1s‘located at 7.01.

2. Multrphcatlon of decimal numbers

Based upon the Dupont manual, Thermodynamic Properties of Freon 2 the student

will determine the dens1ty of R-22 refrigerant at a given sensible temperature.
The student will determine the weight of refrigerant required to - fully charge
receivers with the various volumes. ThlS prOJect is located at 7 02.

3. D1v1810n of de01ma1 numbers

Each student w111 determine the capacity of refirgeration evaporators. This ~ project

is located at 7.03.

" Evaluation: |

' There are six points poss1ble for tms activity. Students who do not come
prepared or fail to complete a project w111 loose credit for each criteria they
 fail to meet.
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- 07.01 S |
~AIRC 10 o - Name:
Project 14 . Date:

o Multipli(iatioh of Decimal Numbers

Objective: ~ The 'p'_xlrpOSe of this project is to.practic_e m_ulﬁplying decimal numbéfs |
; - as they apply to the purchase of equipment and materials used in the
HVAC industry. ‘ '

Procedure: . Each student will be assigned a catalogue from an air conditioning and
“ ~ refrigeration supplier common to the sample found at 07.01a. Based
upon the list of material and equipment listed below, the student will
compute the total cost of refrigeration material including sales tax.

B ':Ql.laliltity Unit 'Deséﬁptidn - o " >Unit | Extension |
o L | v Pﬁce ' ’
12 ~ | ) ea. " 7/8 90“sihorrtk radios ells C XC
| 3 ea. 7/8 shbrt radius street ells FTG X C
5 _ _' ea ] 1 1/8 90 short radius street ells _FTG‘X'C.
g -6 ea_  |3/8 9Q'long radius éllﬁ'
6 . |ea. 3/8 90 éhorf radius elis
7 | ea. . 1‘3/8 90 longvradius ells
2. o ea. |21/8 90 long radius ells
Sub Total' 2
e Sales Tax
| f ch>ta1} o
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- 'Due to. rapldly ﬂuctuatins market prices forcopper,>
contact yourlocal Johnstone for current prices.:

AC/REFRIGERATION FITTINGS MEASURED B8Y OD. .
PLUMBING/HYDRONIC FITTINGS MEASURED BY NOMINAL.

oD | Nominal _ Ocder (o -——-.Dealef Price
Size. .- Size ;- Stock # Lot
80° CLOSE RUFF ELBOWS Cx C .
5/8° RIS © RS54-070 $ .36 S 28/ 50
3/4° - R54-071. $1.68 . $15V S0
78 /4 R54-072 $ .66 $ 59/ 25
1 1 R54073 $153  $138/ 10

90° CI.OSE RUFF STREET ELBOWS FI'G xC

5/8° 172" R54-074 $ .48 S 39/ 50
Y- - R54-075 $1.75 $1.58/ 50
"8 34" RS54-076 $.96 S .86/25
1-18° S ‘RS4-077 . $2.32 $2:08/ 10
o
90° SHORT RADIUS ELBOWS Cx C v
14" e R53-292 s .83 $ .75/ S0
- 14" RS3-294 $ 83 $ .75/ 50
w - RS3-295 © .. § .83 $ .75/ 50
s w2 R53-289,.. .S B4 S .76/100
7 .-RS3290..° . $1.68. $151/ 50
" 34" © RS3-606 $1.49 $134/ 50
178 . 1 R53-689 $2.02 $1.82/ 25
1-38° BB R53-682 $2.32 $2.09/ 25
1578 1- 1/2' . R53-914 . © $3.63 £3.27/ 10
2./8° ) R53-915 $6.61 $5.95/° 5
2.5/8° 2- 1/2' R54-395 $12.56 —
3.8 _RS4-396 $17.62
90° SHORT RADIUS STREET ELBOWS FTG X C
14" 8" KS3-704 . § 154 $139/ 50
s 4" RE3-691 - $ 154
S 3" RS3-360 s. B9 S .80/ 50
. 58" s R53-296 $ 105 S .95/ 50
34" /8" RS3-297 $ 175  $158/ 25
8 k7 . R53-608 $ 172  S155/ 25
1178 1" —R53692~ $232 $209 10
1-3/8" 1-1/4" RS53-633 $357 $321 10
15/8° 12 R53-918 $463 $417/ S
2-1/8° 20 RS53-919 $1009  $9.08/. S
90° LONG RADIUS ELBOWS Cx C
3ne6" RS3-291 } . $146 S 13V50
oo 1/8' RS53-683 ! - $ 131  $ 1.18/10
516" R53293 ©°  $ 146  $ 13150
378" 14 RE3-684 $ 131 S 1.18/50
e 38" RS3-685 $ 159 § 1.43/50
-y 2 R53-686 S 1.40 'S 126/50
3/4° 5/8" RS3-687 $.152 S 137/50
" 3/4° -R53-688 - . . $ 192 § 17325
178" o - . $278 $250/10
1858° 1 3RS3:630. - - $ 442 S 3.98/10
1-5/8° -2 “R53916.5 . - $594 $535 5
2.18° 2t R53-917 $14.02  $12.62/ S
2-5/8" .22 © R54-397 $2426 -
318" 3" as&ass $34.14 -

90° LONG RADIUS STREET ELBOWS FTG xC

3 4" .. R53-964 $ 152 § 137/ 5C
172° s - R53-965 $ 287 S 258100
5/8° Wz R53-966 $ 206 S 185 50
3/4” 5/8° RS53-967 $241 $217/ 25
R 3/8° R53-968 $ 245 S22V 25
1-1/8° 1° RS3-969 - $ 396 . § 3.56/ 10
1-3/8° 1-1/4° - R53-970 $ 588 § 529/ 10
1-58° 12 RS53-971 $799 S$719 S
218" 2" R53-972 $13.05 = $11.75/ §
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07.02 : . | -.
‘AIRC 10 - o ’ Name:
Project 15 ) - ~ Date:

Multiplication of Decimal Numbers

Objective: The purpose of this project is to practice the multiplication of decimal
numbers as the process applies to the physical characteristics of
refrigerants used in the HVAC industry :

Information:  On most refrigeration equipment, the condenser is not large enough

o to store the refrigerant charge during pump-down or low load
conditions. As a result, a liquid receiver is installed between the
condenser and the metering device to receive the refrigerant during
these conditions. The receiver should be sized so that under any
condition, it is never filled more than 80% of capacity. This is to allow
room for expansion from sensible temperature changes.

Procedure:  Based upon the sample Dupont Manual, Thermodynamic Properties of
' Freon 22 found at 7.02a-b, each student will determine the density of
R-22 refrigerant at a given sensible temperature. From this
information, the student will determine the weight of refrigerant
required to fully charge a liquid receiver on a specified refrigeration
system given the volume of the receiver. ‘

R-22

Temp : Receiver Refrigerant
’r PSIG Density | Volume cu. ft. | Weight in

v B . Ib. '
40 S 0.70
64 : 6.28
68 ‘ ' 0.70
78 6.28
68 1 | {032
L2 | 1 los3
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- 07.022

PHYSICAL
Chemical Formula: CHCIF2 :
Molecular Weight: - -86.476
Boiling Point at one atmosphere, °F —41.36
_Freezing Point, °F =256
Critical Temperature, °F 204.81
. Critical Pressure, psia - 721.906
Critical Density, lbjcu ft '32.76
" Critical Volume, cu ft/lb 0.030525
Refractive Index (np), 70°F . B
Liquid 1.259
Vapor (one atmosphere) 1.00073
Dielectric Constant: ) .
6. ll

Liquid at 75°F :
:1.0035.

Vapor (0.5 atmosphere) at 78°F
Relative Dielectric Strength (N, =1) ' 1.3~ .
at 1 atmosphere with 0.1-inch gap -
and 0.75-inch-sphere-to-plane gap:
at 77°F. )
Thermal Conductivity, k, in
Btu/(hr)(ft)(°F)
Liquid
—40 ‘ . 0.0792
0 0.0698
40 0.0605
. 120 ' 0.0417
Vapor(one atmosphere) C
—40 . .0.0050
[ ‘ 0.0056
40 ‘ ' 0.0061
0.0072

120

PROPERTIES
Vusooslty, n, in Centxpotsa ) :
quu)d s - i
= —40 0349
0 » 0.298.
40 ) . 0.261
120 : : 0.211
Vapor (one atmosphere)
—40 A . .0.0100
L0 o 0.0111
- 40 ' 0.0121
Cr l?D ' 0.0140
: Surface Tension, 7, in dyn&s/cm ; . o
LF . Y, v
—40 18.5
0 . 149
40 . 114
120 ‘ 49"
Solubility of Water in the Liquid: ‘
L°F ppm
—100 : . 15
—40 © 120
40 690
. 100 1800
Flammability:

" Nonflammable and nonexplosive at ordinary tem-'.
peratures. May form weakly combustible mixtures -
with air at very high tempemtum

Toxicity:
Very low toxicity —rated in Group 5a by the Under—
writers’ Laboratories in their report MH No. 3134.

"UNITS AND FACTORS

{ =temperature in °F : )
T =~temperature in °R’ =°F+-459.69
psia =pressure in lb/sq in absolute
psig =pressure in lb/sq in gage
p =pressure of vapor in psia-
Psat =pressure of saturated vapor in psia
ur =volume of the saturated liquid in cu ft/lb
vy =volume of the saturated vapor in cu ft/lb
V =volume of the superheated vapor in cu ft/lb
dy =1Ju; =density of the saturated liquid in Ib/cu ft
dy =1 Juy; =density of the saturated vapor in Ib/cu ft
hy =enthalpy of the saturated liquid in Btu/lb .
hyy =enthalpy of vaporization in Btu/lb :
hy =enthalpy of the saturated vapor in Btu/lb
H =enthalpy of the superheated vapor in Btu/lb

sr mentropy of the saturated liquid in Btu/(1b.)(°R)
s, =entropy of the saturated vapor in Btu/(Ib)(°R)
S =entropy of the superheated vapor in Btu/(1b)(°R)
¢ =heat capacity of the saturated liquid in Btu/(lb)(°F)
¢, =heat capacity of the vapor at constant volume in
Btu/(l1h)(°F) at zero pressure
¢p =heat capacity of the vapor at constant pressure in
Btu/(1b)(°F)
¢ =heat capacity of the vapor at constant volume in
Btu/(Ib)(°F) .
k =thermal conductivity in Btu/(hr) (ft) (°F)
n =viscosity in centipoises '
7 =surface tension in dynes/cm
np =refractive index
¢ =base of natural logarithms =2.718281828

The gas constant, R =10.7315 (psia) (cu ££)/(°R) (Ib mol)
Heat units (Btu/lb) =work units (psia) (cuft/lb) x0.185053
One atmosphere ‘=14.696 psia =29.9212 inches of mercury
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DlVlSlOIl of Dec1mal Numbers Applled
to the Capaclty of Evaporator Conls .

i Objective: ~ The 'pu'rpo'se‘(‘)‘f this preject is to practice the division of decimal

= ,numbers as the process applies to the apphcatlon of evaporator coﬂs used o

o »1n the HVAC mdustry

- Procedure: ‘Each student w111 be a551gned sample evaporator coils taken from ,
SRR 07.03a. Referrmg to the information at 7.03b and based on the model

~ number of the coil and the number of fins per inch on each coil, the
“student w111 solve for the nussmg information below '

n The student .wlll assume 1 2,000 BTUs equals one ton of reﬁigeration7 :

Evaporator | | Capacity Capacity |
Coll o TD . _|'in Tons _ - in BTUs

‘U_.Ul‘-1'18 ol

UAHI-365 | |23

|uABsess | | lo7200 |

|vAHL-182 |18

 |vaM2-441 10

_ Note TD the temperature dxﬂ‘erence between evaporator temperature
' and fixture temperature .
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Evaporator Temperature and Relatlve Humrdrty

: Proper smng of the ewaporator ccul determlnes .th emperature and the hunudltw ln the space to be
: condmoned - : S

. 'To know the acceptable evaporator temperature on a system one must know the requlred temperature
- difference between the fixture and the evaporator. In order to know-this information, we ‘must krow the
desired fixture temperature: ‘and the average relative humidity for the apphcatlon Pages 18 - 20 from the
" Russell Manual lists some of the common applrcatrons wrth the a\ erage ﬁxture temperature and relat1ve ST .
i hum1d1ty ) : . R ) : . o

~ “The refrrgerant or evaporator temperature is the temperature correspondmg to the suction gage pressure

- : less line loss (1f known) It is not the temperature of the 0011 or the air leaving the coil.

The wrder the split between ﬁ\rture and evaporator or the colder the temperature of the reﬁ'rgerant in-
* relation to the temperature of the fixture, the hlgher the latent heat remov; al. An increase in latent heat
-.remO\ sal will result in lower reldtlve hurmdm wrthm the ﬁ‘{ture :

~ The lower the spht between ﬁxture and ev. aporator the lower the latent heat remox al and the hrgher the

o relatrve humldrty of the ﬁxture v

- The relatlonshrp between ev aporator capacrty T D and area of the evaporator lS , o
BTU/hr = U X T D X Area
Where U is the heat transfer coefﬁcrent of the corl matenal

T.D. is the temperature difference between fixture and evaporator temperature '
Area is the surface area of the corl exposed to crrculatmg a1r in square feet.

) Followmg, is the average T D between evaporator and ﬁxture and the resultmg relauve hunudlty. R )

| 'TD-..'__-" o RH% “'»‘,;'-TD | ,"'FRH%
0-15 05-90% 25 30' o 75-65%

So15-18 . 90-8% . 30-35 65-55%

8.2 85-80% . - 335-40 55-50%

22.25 0 80-73% o 40-45  50-45%
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‘coMpLE‘rE REFRIGERATIDN

svs-rsms WITH LIST PRICES MAY 1 98:3 -

T
ULTRA TEMP

| ULTRA HIGH POWERED -
UNIT COOLERS . -

‘Low Temperature Models' -
With Efectric: Detrost

‘Motor
H.P. !

8TU/HR . Fan
10° TD [.12°-TD.:{ Ola.

';ugae« )

4 Fins pe( inch -:lo‘ Evap Temoen(un—Ethc o No(-Gn de-t

:Russell's new Ultra Temp unit cooler is exceﬁxiohally‘ K
versame covering all temperature applications:in'a com-

o pact, slim profile design. The Ultra Tempis adeally suited '

Ueul-118 [ 11,800 | 14200 | 20 || 34 | 46w | 25% "2"" 190" " for large walk-ins, storage and freezers. Air throw is upto
UeU2-236 | 23.600 | 26,300 | 20 | /4 | T6%|25% (214 | 370, - 100 teet with opuonal metal air. stralgmeners
“uey23s5 |1355007 42600 [-20 | 4. | Tew| 31w |21k |40 - ‘
“UOUIAT4 . | 47400 | 56,900 | 20°| /4 |106%.|31% |21% | S0 .
CTUeU4TIY | 71100 | 85300 |20 |4 | 136% | S1% [21% [ €65
T USU4-8ST | 85100 | 102.100 | 24 [ 374 136 | 49% |23% | 875
" Uey4-1080 | 108.000 | 129.600 | 24" . 34 | 136w | 49% | 23% (900, -
6 Flns per lnch ~10° Evap Temperatire—Electric of Hoi-Gas Défrost FL
©ueLr1sz, | 15200 18200 [ 20 [ ane | aew |25 [21% 200“ a ‘
UeL1:193 19300 | 23.200| 207 | 3/4- |-a6%[25%|21% [ 220 FLOW TEMP .
Ue12-304 | 30400 | 36500 20 | /4 | 76w (25w |21% | 400 LOW VELOCITY
JUeL2361. | 36,100| 43300°| 20- [ 4 .| 76w | 31w 2rk]g2s. UNIT COOLERS
fe2408 " | 40.600.| 49.000| 20| W4 | 76%| 318 |21% | 448"
HUeL3-540 " | 54,000 | 64:800 | 20 | 4" | 106w | 31w [21% | Bas’:
UeL3-613 | 61300 73600 |20 [ 4 106w (31%]21% | 620"
wu-zzé 72200 | 86.600| 20 | &4’ [136% | 31w | 21% | 675
UeL4-817 81,700 | 98.000 | 20| /4 :}136% | I1%-[21% [ 726 »
tu'u-uoo 110000 {132,000 | 24 | /4 +f 136w | 4% | 23% | eas STUR v
UeL4-3380 | 136,000 | 165,600 | 24| 4 | 1364 | 49% | 23% | 910 Model [107 | 12°. | No. — | Mator Oimensions - .
D ] ; : TO T0: | Otam. |'He. | D W Ho|w
) Alr Defrost Models ¥ " eL2667 | 6700 | 8.040 | 210 | ow.|21w | saw | ew] 100
: ) . 8TUMR Fan | Motor | i ’ .FL36-100- | 10,000 | 12,000 | 3-10 oW | 2T% 82% 9 160
Model w ol W [0 Jwe. ; :
- Madel. 10-1'0]15- T0 ]ou H.P. ] , I ° l o FL36-135 |13.500 {16200 [ 3-10 | 16w [27% | 2% [12 | 207
‘Gﬂniperhchﬁ?S' Ev-p Temp(ilhlf!—“( Delm:l SN :t::;:: ;:g ::x :-:g ::“z :;: ::: :z ;‘;;
UAMI-164. | 16400 \24.600 20 | 173 | 46w [ 25% [21% [ 200 ‘ ' g ' — :
“UAMI-209 .| 20.900'|* 31,350 | 20 | 137" | 4w | 25%.| 214 | 220
[ UAM2-329 1.32.900 |, 49.350 | 20 | . 1/3 .} 76% | 31w (214 |.400 .  The Russell F!owTempUmtCoolerwashrstmtroduced
| FUAMZ390" |1 39.000 | 58,500 |20 | 173 | T6W | 31K | 214 {425, ‘to the-refrigeration industry in 1964 to answer the many
;‘UA.“""“‘ | 44100 166,150 | 20-|° 173 | 'T6Y% | 3T | 2161445 " requests for reduced velocity applications. It is especially’
SUAM3-583 -1 58300 | " 87.450 | 20 | 1/3° | 106% | 31% (21K | 685" designed for ihigh humidity applications: where meat’
UAM3-662 | 166200, 99.300 | 20 | 1/3 | 106%.31% (214 | 620 - shrinkage in cutting and storage rooms is a factor. {t has
UAM4-780 | .78.000 “7000 20 |13 1136% [ 1% (21K 6757 . ‘an extremely comfortable sound level. Thousands have
UAM4-882_| 88,200 ‘1;\2300 20113 1136% 314 121U T28. - . ‘beeniinuse in meat cutting, holding and packaging rooms,
fUAM4-1320 132,000 196,000 | 24 | /4.1 |136W] 49% 23% 1885, fruitand vegetable storage rooms and florist boxes. Flow- -
UAMA4-1656 | 165,600 [ 248,400 | 24 | 4 |136% ] 49% | 23% {90, Tempscomewnhawmte baked polyestercoaung onthe.
8 Fins per tnch +25° Evap Tempefl(\ﬂh“( Deteost- . housmg o
‘UAHT182 | 18200 [ 27300 [ .20 | 13 | 46w | 25w [21% [210 . :
UAH1232 | ‘23200 | 34800 | 20| 173 | 46w] 254 214 |20 AlloilheaboveUmtCoolersareULlustedandaremade
UAH2-365 36.590 “sazs0| 20 | 173 76% | 31w | 21% | 10. “1or standard air delrost as.well'as electnc defrost
Fuafo433'] 43300 | 64850 20 | 173 | 76w [ 31w f21% (&8 - - i
uAﬂz-Aoo 49,000 | 73.500 | 20 1/3 -] 76% [ 3% 21K {458 -1 TESTING : : ’
'UAHS-648 .| 64800 | 97.200 ‘20 173 | 106% | 31% | 21% | €00, - - Each RussPaksystem tsassembled understructquamy
UAH3-736. | 73,600'| 110,400 |- 20| - 1/3. [106%:| 31% [21% | 635 . control. The condensing unitis pressurized for leak detec-
UAH4-866 | 86600 |129,900 | 20| W3 136% 31% 121% 1690 . . tion, then {ully evacuated to:200 microns pressure. The
L UAH4-960 | 98.000 | 147,000 | 20 | ;173" 1136%| 31% 1214 | 746 " “efectrical circuit is given a full dielectric test prior to the
”‘“‘-‘1‘52 3452001 217,000 | 24 | w4 {136% | 49w 23%: 6055 unit being given a complete run test. The unit is prepared
VK821 {182,100 | 273150 24 | 4. [136% | 49% | 23K | W30° for shipment with a holding charge of dry nitrogen.. -




: - 8.00
- ARC10 . Class Sess1on8

Objective: After satlsfactonly completmg this lesson each student should be able to:
1. Understand the concept of surface and volume measure.

2. Solve practical problems relatmg to the volume of cubes cyhnders and n'regular

~ forms. : - -

3. Apply units of volume to solve problems related to 11qu1d measure.

Informatlon: ~Bas1c vocatlonal-techmcal mathematics by Ohvo & Ohv'o,‘ Units 20&21.

. Essentlal Concepts:

1. Surface measure refers to the measurement of an object that has length and  height.
2. Volume measure refers to the measurement of three linear d1mens1ons length,
- height, and depth.

Structure: ,

The instructor will discuss the essential concepts of the lesson. In order to reinforce the
essential concepts, the instructor will review the rule for applymg surface measure to
cubes and circles, the rule for finding the area of a cube, and the rule for finding the

- volume of a cylinder. When no further questions about the essentral concepts or rules are
observed, the students will complete three m-class projects.

1. Surface Measure and Conversion to Equrvalent Units,
Each student will measure the total area of window exposure for an assrgned class
room and express the units in square feet. The lab can be found at 8.01.

2. Volume Measure
The student will be assigned a reciprocating compressor. After removing the
cylinder head and valve plates, the student will determine the total volume of the
compressor cylmders and express the answer in cublc inches and cubic feet. The
lab project can be found at 8.02. '

3. Volume measure
The student will be assigned various walk-in freezers and reﬁ1gerators in order
to determine the interior volume expressed in cubic feet. The lab project can be
found at 8.03. :

Evaluatlon »

There are six points possxble for this activity. Each student completmg all three projects
will receive full credit for this activity. Students who do not come prepared, do not
participate, or fail to complete a project will loose one pomt for each criteria they fail to
meet. ,
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: Ob] ectiVe;

,;Pr0cedurf_e:" __Each student w111 measure the surface area of the followmg structures B
e and record the answers in square feet L : L

 Floor space of AIRClab21-8.

Wha ’s_the total ﬂoor space all OCated'-‘“"""_{‘[i e .
t to the AIRC Department? Lo




B ;, ‘AIRC 10

e | Procedur

| ,‘lii _‘ '_,E,Volume Measure of a
e _Compressor Cylmder

o Objectnve e T he’ purpose of thrs pI'O_]eCt isto practlce the measurement of volume
R e for apphcatlons related the HVAC mdustry :
""‘:‘The student wﬂl be ass1gned three recrprocatmg compressors Aﬁer

.- removing the cylmder head and valve plates from the compressor the

Fen the reference matenal at 8 O2a-c for compressor dlsassembles

P

- k“.:Compressor #2 S

~ PistonDisplacement: -

‘ :Compressor #3 -

| " "Model# 1stonDlspla ment

g :

- student will determine the total volume of the compressor cylinders and o ; o o
- express the answer in cubic feet and cubic inches. The student w111 refer l i



2a

08.0

COPELAND COPELAMETIC
' 9R38—9RB—9RA1—9RJI—9TKI

COMPRESSOR PARTS

~“A~ & “B~ Protection®

*Set nates

'~ EXPLODED VIEW

- 88



OR3B-SRE-_ORAI—SRJI_STKI

. exelopeoview




 COMPRESSOR PARTS . .

_ See Following Pages for Parts List
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~ AIRC10

o PI'Q]CCt 19

Volume Measure of a

Name:©

C Date

quuld Recelver o

ﬂ .’Ob'je“cti\_/e: 1 yT;h‘e purpose of this p‘rojeet lS ro"praCiioe -th__‘erheasure'meut‘:ofvolumef o
Lo for applications related the HVAC industry and apply the information.

' ~ learned in a previous lab to cchert volume to liquid measure. -

: Pr‘oc:eczlure:v_ R “Each student w111 be a551gned four refngeratlon systems usmg a hquld

L receiver to store reﬁlgerant The student will determine the volume of - .' F
- the liquid receiver and then refer to lab 7.02 to determine the amount of B
- refrigerant charge required by the refngeratlon system. The receiver

. . ._should be able to handle 80% of the entlre refngerant charge

| Reﬁigerotion- i

] Recelver A

| Refngerant -

| | System # i

R Volume

| Weightinlbs. |
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}AIRC 10 R e 7' o o Class Ses51on9"‘f'

B Obj ectlve After satlsfactonly completmg thlS lesson each student should be able to

1. Determine base, rate, or percentage values in practlcal HVAC problems

2. Compute the average of several quantltles f .

o Informatlon Basic vocattonal-techmcal mathematlcs by Ol1vo & OllVO Umts 24&25.! B

Essential Concepts

1. Percent is a method ‘of wr1t1ng dec1mals as whole numbers -

2. The average of two- or more quantltles is found by S1mp1e add1t10n and d1v1s1on _

) Structure

- The instructor will dlscuss the essentral concepts of the lesson. In order to reinforce the '
essential concepts, the instructor will review the rule for finding percentage when base and

rate is glven, the rule for finding base or rate when the percentage is given, and the rule for
averaging quantities based on the assigned reading. When no further questions about the -

1.

vessent1a1 concepts or rules are observed, the students w111 complete three in-class projects.

Deterrmmng Percentage
Each student will be assigned one air condmomng system and one refngeratlon

- system. Based on the name plate or the size of the receiver the student will
. determine the volume of the refrigerant charge of each system. The student will
- then determine the allowable annual loss based on the 15%—30% EPA rule The lab

| ‘ ‘proyect is located at 9. 02

‘ Deterrmmng Percentage S v :
“Each lab group will determine the actual capac1ty ofa reﬁ'lgeratlon system based
“upon the system operattonal performance The lab group will operate the system

and then record its performance characteristics. The characteristics recorded w1ll
then be matched with capacrty mu1t1p11ers that w111 deterrmne the systems actual

- capacity.

. v‘Determxmng Average ' - ‘
Each lab group will be ass1gned a refigeration system operatmg on three phase

electricity. The lab group will solve for voltage. 1mbalance by averagmg the current
and voltage Thelab prOJect is located at 9.03.

Evaluation:

There are six points possrble for th1s activity. Students who do not come prepared or fa11

to complete a pl‘O]eCt will loose credlt for each pI’O_leCt they fail to complete
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AIRC 10 Name:
Project 20 Date: |

Determining Percentage of
Allowable Refrigerant Loss

Objective: The purpose of this project is to find the allowable annual loss of
refrigerant charge for an air conditioning or refrigeration system
based upon Section 608 of the Clean Air Act.

~Information: Effective July 13, 1993 any annualized leak rate of 35% or more in
commercial refrigeration or industrial process equipment must be
repaired. For appliances other than industrial process equipment and
commercial refrigeration, an annual leak rate of 15% must be repaired.

Procedure:  Each student will be assigned a series of air conditioning and
refrigeration systems. Based on the name plate refrigerant charge, or
the size of the receiver found in lab 8.03, the student will determine the
volume of the refrigerant charge in each system. The student will then
determine the allowable annual loss based on the 15%-35% EPA rule.

Refrigerétion Refrigerant Allowable
System # Charge in lbs. Loss in Ibs.
16
19
22
35
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Imbalance_by.Averagmg

g The purpose of this- prOJect is 'to use the process of averagmg to
determme ifa voltage or current 1mbalance ex13ts ina three phase' ’
. ,_electncal c1r; uit, : : S T

 Objective:

Voltage 1mbalance is very 1mportant when workmg w1th three phase A
motors. - A small unbalance in a phase-to phase voltage canresultina
much greater current unbalance - With unbalanced current the hea
generated in the motor w111 increase and may result in motor fa11ure.. i
- For this reason, never run a motor where a greater than 2% voltage
; :‘f,‘phase unbalance ex1sts o WL i

- Information:

‘ ,Each student w111 be assrgned an air condltlomng or refngeratlon umt AR L

operatlng on three phase electnclty The student w111 open the

. disconnect switch supplylng the reﬁ'lgeratlon unit and check the R R A

. incoming phase-to-phase voltage between conductors A-B, A-C, B Cﬁ e
. Percentage of voltage unbalance is found by d1v1d1ng the 1 max1mum ol B TR

e voltage dev1at1on from the ave rage by the average voltage or RS g L

% Voltage Mnbalanc' ’Max E dev1atlon from Avg E / Avg E

! s;.gs..;;;.Determm MaX.DeVlatlon ; 'i _,‘_'_ R

D'evratlon R R,
o "‘fmm Avg Tl
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AIRC10 | Class Session 1

‘ Objectlve Aﬁer successﬂJlly completing this lesson, each student should be able to:
1. Relate signed numbers to approprlate values on line- graduated measunng S
- instruments. ’ '
2. Solve practlcal problems of add1t10n and of numbers with pos1t1ve or negative.
. values.
3. Solve practical problems of addntlon and subtractlon of numbers with positive or .
negat1ve values

Informatlon Basic vocatlonal-techmcal mathematics by Olivo & Ohvo Unit 47&48

Essential Concepts.
1.. Positive and negative numbers reflect a numencal d1rect10n from a fixed reference
- point, usually zero.
2. Any value less than zero is referred to as a negative quantity. Any value more than
zerois a pos1t1ve quality ‘

Structure: :
The instructor will dlSCUSS the essential concepts of the lesson. To remforce the essential
~-concepts, the instructor will review the rule for adding signed numbers with unlike signs,

- the rule for subtracting signed numbers, the rule for multiplying positive and negative

signed numbers, and the rule dividing signed numbers with unlike signs based on the
assigned reading. When no further questions about the essential concepts or rules are
observed, the students will complete two in-class projects. :

1. Each student will be complete a written assignment that reinforces the concepts of
‘addition and subtraction of s1gned numbers, and the multlphcatlon and division of
signed numbers. Thts project is located at 11.01.

2. ‘Subtraction of Negatlve and Positive Quantities. :
“Each student will determine the pressure drop through the vapor line of a
refrigeration unit and compare the results to field standards. Pressure drop is
~determined by recording the actual evaporator temperature and converting to
pressure, and then subtracting the actual suctlon pressure at the compressor. This
prOJect is located at 11.02

-Evaluatlon' _ '
~ There are six pomts possible for these activities. Each student completmg both
projects will receive full credit. Students who do not come prepared, do not
part1c1pate or fail to complete a project w111 loose two pomts for each activity they
fail to complete
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- Project 24

~ Objective: -

Information:

Procedure:

 Name:
Date:

Subtraction of Negative
and Positive Quantities

The purpose of this project is to practice the subtraction of negative
and positive quantities as the process applies to pressure drop in the
refrigerant lines of an air conditioning or refrigeration system.

It is common practice in the refrigeration industry to express the
recommended design pressure drops in refrigerant lines as an equivalent
temperature change. The equivalent temperature change is defined as
the corresponding change in saturation temperature that would occur
for the pressure drop specified. The equivalent temperature change is a
useful way of expressing pressure drop because the ratings of
compressors are based on saturated suction and discharge temperatures.

- Each lab group will be assigned a low temperature refrigeration system.

The group will operate the assigned system for of minimum of 15
minutes to allow for stabilization. Once the unit has stabilized, The lab
group will measure and record the actual evaporator temperature by
applying an infrared or electronic thermometer to the evaporator coil.

- The lab group will apply refrigeration gages to the suction line service

valve in order to measure and record the suction saturation temperature.
From the saturation property tables located at 7.02a-b, the pressure drop
can be found by

Ps at evap.
- Pw at comp.
pressure drop in psig

Refrigeration Psat at the Psat at the Pressure drop
System # evaporator COmpressor in psig
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o Objectlve Aﬂer satlsfactorlly completmg this lesson, each student should be able to:

_ Convert from one set of units to another and properly round off all numbers.
: 2 Solve for basic units of measurement used in the HVAC industry 1nclud1ng
o densrty, specrﬁc volume and spec1ﬁc gravrty ' L

‘ Informatlon Basrc vocatlonal-techmcal mathematics by Ohvo & Ollvo Umt 39.
- Refrigeration Drmcmlesand systems by Edward G. Pita Chapter_ 1 and Appendix 2.

v Essentlal Concept .
There are different units of measurement for the same phys1cal characteristics. These
‘umts have a ﬁxed relatlonshrp called equrvalents or conversion factors

Structure: ' = : s |
In order to reinforce the essentlal concepts the instructor will demonstrate the process of o
~ converting unit equivalents taken from 12.01, solve for the basic units of measurement,
and define the relatlonshlp between the three units of pressure. When no further questions
about the essential concepts or processes are observed, the- students w111 complete three -
: m-class projects. : = : :

1. Units and Conversion = :

Each student w1ll complete the written assignment at that remforces the process
-of changmg quantltles from original units to new umts The assignment can be found e
at12.02. . _ ,

2 Solvmg for Mass :

~ Each student will be requrred to complete a lab pI'OjeCt that solves for the mass of
water and pressure exerted in coolmg towers located in the AIRC mechamcal lab.
The lab can be located at 12.03 : :

3. Solvmg for Absolute Gage and Vacuum Pressures R
- Each lab group will evacuate a refrigeration system with a vacuum pump
The group members will determine the pressure reduction using a mercury _
~ manometer, Or a micrometer. The readlngs will be expressed in absolute pressure
~ for the followmg umts Hg vac, psi, mrcrons The lab i is located at 12. 04

o Evaluatron ' : ‘ ' .
There are six points possnble for these act1v1t1es Students who do not come prepared do; o
not participate, or fall to complete a pro;ect w111 loose credit for each act1v1ty they fail to
complete ‘ v »
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Project 25 A SR A Date:
Units and Conver';ion o

Objective: The purpose of this project is to apply conversion factors used
- in the HVAC industry in order to determine mechanical equivalencies.

- Procedure:  Each student will refer to the conversic?‘qrn factors at 12.01a to solve for
' the equivalencies below. Include all a "'1thmeticon a separate sheet of
paper and reference the solutions to the specific problem.

L 85psig = __ Ftw 17, 10F = __C

2. 145f3/sec = __ gal/min. 18. 22F=_ C

3. $3200Bwhr = __tons. 19. 33C = __F

4. 762inHg = __ psig | 2. 65C= __F

5. 126bp = _ Btwmin | 21 750gal = __ lbsH20

6. 24000Bwhr = __kW 2 35s = __galH20

7. Shp - __Kw - % 95tns -  Btwhr
8 10000Bwhr = __hp 2% Stons = ___ Btu/min

9o 4galH0 = _ Ibs 25  I2psig = _ frw

10. 4galH20 = i3 2 3tons = kW

1. 150000Bwhr = __hp 27  3tons = __ Hp

2. 12psig = ‘__‘__ﬂ.w 28 160kW = _;_hp.

13 4psig = __inHg 29, 45hp = _ kW

14, | _12,306 Buwhr = __ kW ) | 2psig = ___in Hg

15, 75hp - kW R galH0 = _ fi3

16.  256kW = __jap o o | 2bp = __ Btuhr
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ratio of imitfe'qilii/filérrz'l,s‘jthb‘tfr?sﬁflts in o

M 'ERATURE

o US: llb lGozv,‘ R
" metric:, lkg— IOOOg
US—metnc 221b Tkg

' SI'unit js the kg _

“.FORCE -
L S —metm -1- b =

23ftw —204m Hg
= 101300 Nim®
=1333Pa

:,USw—metm 4.7 psi = 1
: Gl unit is. he: N/_m (P,x) P

.  —.metnc °F
CCE= 32)
".mt is the

RGY
elikc: 1] =1 W-sec = 0.239 cal -

. :_metru' 1B = 105DJ 252 Cal .
[ unit. 1s thc] ,_  A

mc HEAT.
.S i~metric;: l Btu/lb-F. =1,
' /kg-°C ‘

ity 8.33 b= I gdl

f rate: leM = 500 lb/hr

(9/5)° C + 32 °C 5/9

1 Btu = 778 fe-lb -

. 33 000 fl-lb/mm
D‘Btu/hr = l kW G

B ._—472HP 352kW N
[lslheW T :

.S\ =metric: 1 Buu/hr-f*-°F = 5.68 W/m2 °c.

VOLUME FLOW RATE = .
—melm' 1 CFM -'l 70 ma/hr

‘ 'f_UL EQUIVALENTS FOR WATER ON

60°F)

i 624lb* 1fe
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 ARCI10 - | Name
Project 26 \ ~ Date:

‘Solving for Mass o
- in Cooling Towers |
~ Objective: . The f)urpdse of this project is to allow the sifudént ’tbviabply wnitsof
* conversion to practical applications of determining the mass of
. eqmpment found in the HVAC mdustry

Procedure: ~ Each student is required to detemune the. mass and the densny of water
~ in the basins of two coolmg towers located i :\m the mechanical refrlgeratlon
lab. The mass of water in the basins are fou |‘ nd from the equations below

The approxxmate density of water can be found at 12.02a.
d= ml volume |

v = volume/m

Where d = density, v = specific volume, and m = mass -

| Cooling |  Water Water | Specific |

Tower# : Volume Mass | | Volume |
40 . '
- B

100




- Appendix Q@

WATER PROPERTIES OF LIQUID
“AND SATURATED VAPOR U s
(UNITS) i

 Specific Volume. b Specific Enthalpy, Biwlb

¢ Temperature,”°F ... Pressure. psia “Liquid, v, - Vapor, v . Liquid, hy <Latent; hy - Vapor, 'y~ Temperature °F, -
: 0089 0016 3305, -, 002 10755 7. 10755 s .32
70099 100167 2948 300 10738 10768 - -

S 0122000 L2446 78037 1107100 ¢ Ci079.0
0147 037, o 108122 % -
0178 -
0256, . 0018
. 0363 :..7:.0016"
Lo +0807
06987
- 0949
ST T L0016
L1890
C130 0 o 222
140 289
180 - Coe3T2
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- AIRC 10 T ‘ - Name:
Project27 -~ . ' Date:

- Solving for Abs()lute‘,’ Gage
and Vacuum Pressures

3 ObjeCtive: ‘The purpose of this prolect is to allow the student to apply units of
E ~ conversion to the practical apphcatlon of converting from gage -
pressures to absolute pressures.

Procedure:  Each lab group will evacuate an assigned refrigeration or air

. conditioning system with a vacuum pump. During the process, the lab
group will determine how much the pressure has been reduced using a
mercury manometer or an electronic nncrometer These values w111 be
converted to absolute pressure.

~ Evacuate a refrigeration syst‘em and record the vacuum at timcd
~ intervals. = - '

‘Timef"" ~in | atm | mm " psig psia

' Ormn
3 min ,
5 min
10.min -
15 min

20 min

Where Time=time penod of vacuum pump operation, in Hg—mches of mecury vacuum, atm—atmosphenc
' pressure, mm Hg =millimeters of mercury vacuum, psig=pounds per square inch gage pressure,
* psia=pounds per square inch absolute pressure
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. | ' | 13.00
- AIRC 10 : _ ‘ o -~ Class Session 13

Objectlve Aﬁer satisfactorily completlng this lesson, each student should be able to:
1. Interpret parts of an equatlon and interpret the functions equations serve in
mathematics
2. Balance and check equanons
3. Remove common factors to 51mpl1fy or reduce an expression to its lowest terms.
4. Transpose terms and solve equations and practical problems.

~ Information: Basic vocational-technical mathematics by Olivo & Olivo, Unit 54.

Essentlal ConceptS' .
~1. An equation is a mechanical or s01ent1ﬁc statement expressed in mathematical terms."

2. When both members of an equation are equal it is said to be balanced. To maintain
- balance, the equal members must be increased or decreased, mult1phed or d1v1ded
by equal amounts. :

Structure '

To reinforce the essential concepts the instructor will demonstrate the process of
 collecting terms, the process of removing factors and the process of transposing terms to
solve an equation. When no further questions about the essential ‘concepts Or processes -
are observed, the students will complete three pro;ects ’

1 Solve equatlons by addition and subtractlon
‘Each student will complete a written assignment that requires solvmg for micro farad
rating of capac1tors hooked in series or in parallel. This assignment is located at
13.01.

2. Solve Equatxons by Multlpllcatlon and D1v1s1on , ~
“Each lab group will be assigned an air handler with resistance str1p heaters. Based on
~ the sensible heat formula, the group will determine the capacity in BTU/hr of the air
handler with resistanée heaters operating. - This project is located at 13.02.

3. Developing Equations
Each student will complete a written ass1gnment that requires the student to
develop a series of equations that illustrate a mechanical or electrical process
common to the HVAC industry from ass1gnment 54 of the text book.
Evaluation: o
- There are six pomts possible for these activities.. Students who do not come
prepared do not participate, or fail to complete a project will loose credlt for
~each activity they fail to complete.

| 103



v, AIRC 1o 5

 Objectiver

SR ,"Procedur‘.e:”_f?.t

Solv1ng§Equat|ons by
:_ Addltlon and Subtrac ion.

| -.-The purpose of thlS project is to apply the rules for solvmg equat1 ons ’1 | =
- by addltlon or subtractlon to practlcal problems in the HVAC 1ndustryL P

Solve for the followmg HVAC problems Include all anthmetlc and
o equatlons developed on a separate | sheet of paper and reference the
S solut1ons to the specrﬁc problem L e TR

s Illustrate four capac1tors apphed in parallel Thelr tmcrofarad (uf) e
-~ ratings are 7.5 mfd, 7.5 mfd 15 mfd, and 5 mfd Deterrmne the total "
T lrmcro farad ratmg of all four capacnors AT SRS

| 2. ‘ji.ff.“'Illustrate four capacrtors apphed in parallel The1r mlcrofarad ;: ; i e o
L (uf) ratmgs are 2 mfd, 3 mfd, 12 mfd, and 20 mfd Determlne the totalv-, LR
. ".’;,jnncrofarad ratmg of all four capacltors ST R R e T

| 3 Based on the capacltors avallable in problems 1 and 2 solve for the s .
followmg problems R . o B T

uf requlred

uf avallable

~20uf

Suf

E "f;'il Suf -

12uf

15uf

T Ouf. - %

_.12.5_uf

40uf .
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. ARCI0
o Pro_tect 29

. Ob]ectrve ‘:;v.‘_:

" Procedure:

The purpose of th1s pro;ect is, t0 apply the rules for solvmg equatlons o
T _by multlphcatton and d1v1$1on to practlcal problems in the HVAC
o ::mdustry _ o BN e O

Each lab group w111 determme the capacnty and the volume of air ﬂow
Lo through an air handler that uses resistance heat as the heat source The

RS sen31ble heat formula is used to solve for the answer I ST e

6. .‘ £ Solve for capac1ty and a1r volume based on the sens1ble heat
BRI '_;f'formula B L T

e Btu/hr —108xTxCFM

L Where T temperatme dtﬁ‘erenoe bdween supply and retum a1r dud, CFM cublc fea per mmute of atr volumethrough the air handler o PO

]opér’até the air :handler With the resistance heat energiZed g

20 Measure the current draw and voltage applled to the strip Ll
S heaters Do not 1nclude the current draw to-the blower motor e PN

- ,‘From the voltage and amperage draw determme the wattage
o consumed by the stnp heaters Gt e

Ry Usmg conversnon factors found in prOJec'f 12 01 conven
,f_i-wattage to Btu value Sl e ‘

_ '_ Measure the temperature dlﬂ‘erence between the supply and
’ ‘retum a1r at the a1r handler S ST .

g s :Show all work on a separate sheet of paper and reference 1t to
LE “thls specrﬁc prOJect G LU o
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Class Sessron 14 - h K

: ‘._' Objectlve Aﬁer satrsfactonly completmg thlS lesson, each student shou]d be able to
1. Apply algebraic equatlons to solve for latent and sensrble heat processes in the

L '_ }refngeratlon cycle.

2. Simplify equations used in the HVAC mdustry by applymg the ax10ms of
~ multiplication, and division. L
3. Solve basic algebraic equations used in the HVAC 1ndustry usmg the four basrc B R R
S processes of addlnon, subtractron multrphcatron, and d1v1s1on BT P

o Informatron. Basic vocatlonal-techmcal mathematlcs by Ollvo & Ohvo Umt 56 T
L ;Refngeratlon prmcrples and system by Edward G Plta Chapter 2 FERNEY

| _‘,Essentral Concept' o o SRR

1. Refrigeration neither creates or destroys energy It only transfers energy Thrs law ER
- of thermal dynamlcs is explamed algebratcally and demonstrated throughout the -

L refngeratlon cycle o R SRR T

o Structure. RS s TR - L St
. To reinforce the essentral concepts, the mstructor wrll 1llustrate the basrc formulas for » s
~ . latent and sensible heat changes and sxmphfy the equations based on the axioms of

o multiplication and division. When no further questions about the essenttal or processes:' = -

o ~are observed the students will be assrgned three pr OJ""’ts

e o 1".1 ;Spemﬁc Heat The Sensible Heat Formula SR

" Each lab group will be assigned an operating air condrtromng system or water
~chiller. The group will determine the mass flow rate of the ‘cooling medium and
' then apply the sensible heat formula to solve for senstble coo]mg capacrty The
' »”-_prOJect is located at 14 Ol S : :

2 '”,Latent Heat The Latent Heat Formula S IR

. Upon completion of project #1, the lab group ¥ will apply the mass ﬂow rate of the

. system assrgned in project #1 to the latent heat formula in order to solve for total
- coolmg capacrty Thrs prOJect is located at 14 02 :

‘} £ RE: 3. "*{fEach student Wlll subrmt a report companng the d1ﬁ‘erence between sens1ble heat T

ey 1{changes and latent heat changes The companson should be based upon the
o formulas prov1ded earher S e = v
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| A[RClO o | ~ Name: .
- Project31 . ~ Date_

Determme Speclﬁc Heat Changes Usmg
- the Sensible Heat Formula |

' Objective: - The purpose of this project is to practice the appliCation of'the sensible
: - heat formula to determine the mass flow rate of liquids used for
primary’ and secondary heat transfer in HVAC equlpment

Procedure:  Each lab gr0up will be assigned an air condltlomng system or water
" chiller. The group will determine the mass flow rate of the cooling
~ medium and then apply the sensible heat formula to solve for sensible
' coolmg capac1ty

» 1. Determme the volume of water_ moving throughout the water -
chiller 'based on the pressure drop charts located at 14.01a.

2. From 12. OIa, determme the mass ﬂow rate of water through the
' »ch111er m).
v 3. Solve for the system capacity using the sensible heat formula.
Q=mxcxTC

Where Q net rate of heat added or removed, m = ' mass flow rate of a substance in lb/hr‘ TC = the.
' temperature change of the medium cooled or heated, ¢ = the specific heat of the substance heated or
* cooled. The specific heat of water is 1.

107



Performance Data s Engllsh : "
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47100 | 117.2 %7113.47107.7 | 2808 | 128 11116 122 | 1113 Ilzzo 115472668 | 116 " .
48 110 “131.2 l 113.9 .1,125.5 {3145, | 159 171297 i 15.1 124.5 11122.9- | 133.8 ‘| 298.3 14.3
o 1125 15151 115.7 | 139.2 | 3€3.1. | 119 2 1,144.0 ) 12| 143.4 11245 |148.7 |343.7 106 -
150- | 186.0.{'115.0 :166.8. | 445.7 "{ 11.2 8 1119.47172.7 106 | 175.7.1123.8 11785, 421.0 | 100 -
175 207:4..| 117.6. 196.1.'| 497.0 {13.8.| 201.9 | 122.0 1 202.6 131 |"196:5 111265 j 209.1 4708 | 12.4
'200 | 23011 1200 {2254 | 551.5 | 16.9 | 2241 | 124:3 |'232:5 | - 16.1°.218.2 I!ZB? 239.6". 5229, 1 15.2
Cap. — Caoacnv o R PD . — Pressure Drop (ft of water) = .. -,
KW " — ‘Comoressor Molov Power input " . SD‘I’ — Saturated Discharge Temperature’

TLCWT — Leavmg Chilied Water Temueralure

‘
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14.02
AIRC 10 : - ' ‘ Name:

Project 31 o | | o Date: |

‘Determine Latent Heat Changes Using
‘the Latent Heat Formula

Purpose: The purpose of this project is to practice the application of the latent
heat formula to determine the effect of the mass flow rate of liquids
used for primary and secondary heat transfer in HVAC equipment.

Procedure:  Each lab group will be assigned an air conditioning system or water
chiller. The group will determine the mass flow rate of the cooling
medium and then apply the latent heat formula to solve for total cooling
capacity. Total cooling capacity can be found by the following formula:

Q=m(hz2- h)
Where Q = net rate of heat added or removed, m = mass flow rate of the substance cooled in
Ib/hr, h2-h1 = the spemﬁc enthalpy change of the substance cooled in Btu/hr.

The mass flow rate and the specific enthalpy of water volume can be
rev1ewed by referring to 14.02a.

Solve the following problems

1. A refrigeration unit has a cooling capacity of 327, 000 Btu/hr.
- Express this capacity in tons of refrigeration and in kW.

2. A water chiller with a capacity of 150 tons of refrigeration cools
320 GPM entering the chiller at 52 degrees F. At what
temperature should the water leave the chiller?

3. A water chiller cools 110 GPM of water from 55 degrees to 42

degrees. Find the cooling capacity of the chiller in Btu/hr, tons
of refrigeration, and kW.
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i C3 Solve basic algebralc equatlons used in the HVAC industry usmg the four basw B o

. Objectlve. o R
R '-’refrlgeratlon cycle. o S T T
2. Determine the performance of a refngeratlon system based upon the

- thermodynamic cycle and the mathematical language associated with it.

- processes of addrtron subtractron multrphcatlon and dmsron

. .Informatlon Basrc vocatronal-techmcal mathematlcs by Olrvo & 011vo Unit 56 e
,.Reﬁ'rgeratron pnncmles and svstems by Edward G Prta Chapter 4 ' '

;Essentlal Concepts s L i S :
1. The performance ofa refngeratron system 1s determmed by examining 1ts
- thermodynamic cycle. " » DT

, 2 The language of thermodynamlcs is expressed mathematlcally

‘Structure ’ SR - ,
. To reinforce the essent1al concepts the i mstructor w111 1llustrate the basrc formulas for the :

refngeratron cycle ‘When no further questions about the essential concepts or processes o

B are observed the students wﬂl be assrgned two pI‘OjeCtS

O N Solvmg Algebrarc Equatlons - ~ : ~ i
. Eachlab group will be assrgned an air condltromng or reﬁ1geratron system After
applylng gages and thermometers and operating the system, the group w111
determme the following performance characteristics: :
‘ Refngeratron effect, Btu/Ib of refngerant
.-Mass flow rate of refrigerant; 1b/min -
" Theoretical ‘compressor power hp/ton of reﬁrgeratron
Coeﬂiclent of. Performance
o : Energy Efficiency Ratio
SR «Thrs prOJect is located at15.01 -

ey ) ‘Each student w111 submrt a report companng the drfference in performance o i
. “between the system assrgned and the performance of a system assigned to'a S I
» . different group. The companson should be based upon the data taken from the,' b
RIS 'operatmg equ1pment ’ 5 N RN
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T ._AIRC 10
- <.Pr03ect 33

Solvmg Algebralc Equatlons for -
’ Refrrgeratlon Performance o

| ,burpose:"_" jThe purpose of th1s pl‘OjeCt is to express the thermodynamrc cycle of a .' & : e
S refrlgeratlon system mathematrcally S

kS Equrpment Refngeratlon gages electromc thermometer msulatlon tape saturatronf o
e A chart pressure-enthalpy dlagram e 8 Y

~ Procedure: Each lab group w111 be ass1gned an air COﬂdlthl’lll‘lg or refngeratlon -
" system. The lab group will operate the system and record the vital signs

o ~°._necessary to plot the reﬁ1gerat10n cycle ona pressure-enthalpy dragram T

e located at 15. Ola— : L | '

o The v1tal srgns necessary to plot the reﬁrgeratlon cycle mclude
-~ (a) - Suction saturated pressure converted to temperature.

() Condensing saturated pressure converted to temperature. o
“(¢) . Sensible subcool temperature measured at the hquld line before g
SR the metering device. - g o S

- (d) = Sensible superheat temperature measured at the Vapor line

entermg the compressor ' : ‘

”'Based upon the recorded v1tal 51gns and how the v1tal signs. are apphed '

. to the pressure-enthalpy diagram, each student will solve for the o
¢ followmg operating characterlstlcs o

(a:); “‘Refngeratmg Effect in Btu/lb RE,=hc ~ha |
(b) ) MassFlowRatem lbs/mm “ m= JRE 2

R : (c) ;;‘Theoretlcal Compressor
| Horsepower e s T Pl me

@ COeﬁicient ‘of Perforlnance L ) "_Y_COP RE/HC
(e) | '::_‘Energy Efﬁcrency Ratno | ’ ;‘ e ; : 'vEER Qe/P
: | See 15. 01d for the explanatlon of symbols DU
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AIRC 10 o , o - | _ ClassSess'ion 16

~ Objective: Aﬁer successﬁ;lly completing th1s lesson, each student should be able to:
1.
2
B 3 ’

Express proportxon from written and physical data about two equal value ratlos "
Calculate a missing term in a direct proportion : o
Solve practical problems in the HVAC mdustry for dlrect proportlon and mverse

propomon ratlos -

Informatlon ‘Basic vocatlonal-techmcal mathematlcs by Olwo & Ohvo Umt 59

‘ Electrlmtv for air conditioning and reﬁ1g§ration By EF. Mahoney, Unit 12:

Essentlal Concepts

1.
2 A proportlon is mdlrect when the ratio varies mversely

Two ratios representmg equal quantltles are expressed asa dn‘ect propomon

Structure~

‘The instructor will discuss the essential concepts of the lesson ‘To reinforce the essentlal o
~ concepts, the instructor will illustrate proportions based on pulleys, transformers, and the

gas laws. When no further questions about the essential concepts or processes are
observed, the students,will be assigned three projects.

1.

Direct Proportion : ‘ ' :
Each lab group will be assigned a series of refngerant cylmders The group will
record the temperature of each cylinder and the interior pressure and then  predict
the pressure when each cylinder is cooled to 32 degrees. The group submerged the
cylinder in water and ice in order to check the answer. This  project can be located
at 16.01 - ’ B

2. Direct Proportion » o
Each student will determine the capactiy of an evaporator coil using the rule of
dlrect proportion applied to manufactures performance data at 16.02

3. Inverse Proportlon v
Each lab group will record the pulley size and name plate RPM of a belt drive
~ blower assembly. Based on the data, the group will develop an inverse .

proportxon to predlct the RPM of the dnven pulley. This lab is located at 16.03.

Evaluation:

‘There are six points poss1ble for both pro;ects Students who do not come

- prepared, do not participate, or fail to complete a project will loose two points for

each project they fail to complete

116
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- Procedure:

. Name
" .Date“;' '

Solvmg for Saturated Condltlons
B by Direct Proportlon -

" 'The purpose of thls prOJect is to apply the pr1nc1ple of dlrect proportron_ff o
to predlct the temperature or pressure of saturated reﬁ1gerants AR

‘ ,"'Each lab group wﬂl be ass1gned three reﬁ1gerant cyhnders The
- sensible temperature of each cylinder will be carefully recorded. Based

i - upon the saturated tables at 16.01a-c, the lab group wﬂl predrct the -
R gage pressure w1th1n the cylmder R . . .

cyld#

Actual
: psrg

Predlcted

Temperature :

- | After the predlcted pressures have been recorded the lab group wﬂl s
cL apply reﬁ‘lgeratlon gages to the cyhnders and record the actualpressure.

- Based upon the Perfect Gas law the lab group w111 predlct the new-
- gage pressure when the reﬁ1gerant cylinder temperature is reduced to
S ' 32 degrees F The Perfect Gas law states the followmg DR

pz/pl Tz/T 1

Where p—cylmder p51a T= absolute cylmder temperature

[ Cylinder#

| Temperature |

“Predicted

Actual
PSlg

~psig |

',f?11i1~v;f!;* o




SATURATION PROPERTIES—TEMPERATURE T ABLE

DENSITY
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%] 3.4 ] 19018 | oonzsaf Lisit ] 83854 086125 | 12201 | 66864 1 19071 | 002154 | 0.16742 n

187 s | 19682 |-0011268 ] 11399 88046 | 08129 12426 | 6610 | 19116 | 0027608 0.16734 18

19 | 35082 20356 | 0011282 | L1191 22637 | 089356 | 12644 | 68635 | 79280 | 0.028082 0.16727 19

90" 3623 | 21040 | 0011206 | 10988 7| 83529 091006 | 12863 | 66522 | 79385 | 0028515 | 0:.06719 ] .20
“a 36430 | 21.73¢ | 00i1310 | 1.07%0 88419 | 092679 | 13.081 | 66407 79488 | 0028968 | 0.16712 2

2. 3135 .| 2239 | 0onzd |- 10ss6 | gsdi0 | 084377 13300 |- 66293 |- 79593 | 0023420 | 0.16704 2

3 378497 | 23153 | 0011338 | 10406 |- 38201". 096038 | 13520 | . 66177 | '79.697 | 0029871 | 0.16697 3

24 3851 23818 -] 0011352 | 10220 | - 88091 |- 0.97843 13739 | ‘66061 | 79.800 -| 0030322 | 0.166%0 2%

95| mme | 2060 | oor3es | 10039 | grsdl | 09%13 13958 | 65946 | 79.904 | 0030772 | 0.16683 ]

26 | «00s6 | 25360 | 0011380 | 0386121~ 81.870 1.0141 1178 | 65829 | w007 | 0031221 | -0.16676 %

2 0813 | 26117 | 0011395 | 096874 | ~sr760 |- 1.0323 14388 | 6.:3 | .11 | 0031610 | 0.16669 2

2 ass0 |- 76884 | 00nes | 095173 | 82649 |. 10507 | 14618 6559 | %0214 | 0032118 | 0.16662 2

2 2359 | 22663 | 001424 | 093503 | ‘81531 | 1064 14838 | 65478 |  €0316 | 0032566 | 0.16855 29

.30 448 | 28452 | 0011438 | 091880 ‘| 87426 | - 1.08%4 15058 | 65361, | S0419 | 0033013 | 0.16648 30 .
S 3 43948 29252 | oonas3 | 090286 | 82314 | 11076 | 15219 - 65243 | 8522 | 6.033460 | 0.16642 3l
k) 760 | 3006 | ooress | ossr2s | 82202 | 11201 15500 | 6€5.12¢ | 80624 | 0.033905 | 0.16635 2
S3 45.583 30887 /| ootr4s2 | 087197 | 870%0 | 11468 15.720 “{ 65006 . |.80.726 | '0.0343SI- | 0.16629 1

k"] €A1 | 3u721 | 001497 |- 05702 | 86977 | (11688 15942 | ‘64886 | 80823 | 003479% | 0.16622 ] A

35 47.263 2567 | 0011512 | ©84237. | - 86.865 | 118N 16163 [ 64767 ‘| $0.930- | 0035240 | 0.16616 35

% 8120 | 33a24+| 0011527 | 082803 [ 867s1 |. 12070} 16384 |, 64.642) . 81.031". 0035683 | 0.16610 3

L3 ey | 203 | oonssz | 081399 | 86638 | 12285 | 16606 64.527 | - 81133 | 0036126 | 0.16604 3

38 49870 | 35174 | 0011557 | 0.80023 | 86524 12496 | 1628 | 64406 | 81234 | 0036569 | 0.16598 | .38

39 0.763 3067 | oonsra | oreste | ssato |- 12710 § 17050 | 64285 | 31335 -0.037011 |, 0.16552 39 -

40| 51667 6971 | oonises | 07357 | se2s6 | 12920 | ‘12213 1 AIET: | $1:436 | 0.037453 .| 0:16586° 4

4177 |, 52.584 37888 | 0.011603 | 076064 .| 86131 13167 17495 | 64042 | 815377 | 0037893 | 0.16580 a

@ - | s3s13 18817 | 0011619 | 074198 |- 86066 | 13369 s | 63919 | 81637 | 003834 | 0.1654 Q

a0 | sase 39758 | 0011635 |- 0.73557¢ | @595l | 13595 | 12841 63.79% | 81737 | 0038774 | 016568 | 43

4« 55407 +| - s071 | 0011650°) @72341 | 85836 | 13823 18164 | 63623 | 81837 0039213 { 016562 | .44

45 $6.373 41677 | 10011666 | 0.71149| 85320 | 14055 18387 .| 63550 | '81.937°| 0.039682, | 0.16557 45

46 51.352 42,656 | 0011582 | . 069982 | “85.604 1.4289 18611 | 63426 | 82037 | 0.040091 | 0.16551 46

e ss343 | 3647 | oonless’| 06sa3r .| ssamr | 1452l | 18839 63301 82.136 | 0.040529. | 0.16546 Q.
18 59347 | 44651 | 001714 | 067715 | 85371 14768 19059 | 63177 | 8236 | 004096 | 0.16540 a8
49 .t e03e4 | 45668 | 0.011730 | 068616 | 85254 1.5012 19283 | 63051 | #2334 | 0041403 | 0.16535 49 -

50 61.394 46.698 | 0011746 | 065537 | - 85136 | 15258 19507 | 62926 | €433 | 0041833} 0.16530 ‘0

s €243 | 47141 | ooirez | oeeso | sso18 | 1S9 .| 19732 | 62800 2512 | 0042276 | 0.16524 sl

2 | e3ase | 48798 | 0011779°|- 063444 | 84500 | 15782 19957 | 62673 | &.630 | 0042711 | 0.16519 2

2 evses | 49867 | ‘0011795 | 062428 | sazs2 | 16019 | 20182 | 62546 82.728 | 0043146 | 0.16514 s3

s | 65646, | 50950 |.00N8II | 061431 | 846K 16278 | 20408 | 62418 | %2226 | 0043581 [ 016509 | . 54

.55 66.743 2047 | oonles | o6ms3 | sasa | 16542 | 264 | €20 ) 23U 0044015 | 0.16504 | 55

s | 61.853 G157 | oonisss | ossass | seazs | 1es08 | 20859 | G162 | a@l 0.044443 | 0.16499 %

s1 | es9n sa281 | oollge2 | 058554 | 84305 | 17078 | 21085 62033 | €119 | 0044883 | 0.164%4 s?

S8 0115 | s5.419 | 0011879 | ‘057632 | 84.185 | 17352 21312 .| 61,903 | 83215 | 0.045316 | 0.16489 58

) 267 | Ses7 |oonsse.| 056727 | 8406s | 17628 | 21539 61773 | 83312 | 0045148 .| 0.16484 59
60 | 72433 7731 | oosr3 | ossess | sasa | 17903 | 21766 |- 61643 8403 | 0.046180 | 0.16479 60
o1 | 73613 ] 58917 | 0011930 | 054967 | ' 83.823 18193 ] 21993 | 61512 | 83505 | 0.046612 | 0.16474 61

62 7807 | . eoan1 | oousar | osaiiz | 83701 | 180 | 221 61380 | 83601 | 0047044 | 0.16470 6-

€ 76.016 61320 | 0011965 | 053273-| . 83580 | 18771 22448 | 61248 #36%. | 0047475 | 0.16465 6 .-

4 17239 62543 | 0011982 | 052450 | 83457 7| 1.9066 | - 2676 61116 | 83792 | 0047905 | 0.16460 7
65, | 18477 | 63781 | 0012000 | 051642 83315 | 1934 | 22905 | 6082 | 83887 | 0048336 | 016456 | 65
66 79729 | 65033 | ‘0012017 | asosss | 83212 | (19666 | 213 60849 | 3% | ‘0048765 | 0.16451" 66
67 | '809% | 66300 | 0.012035 | 05007 | 83083 19972 | 23362 | 60715 | 84077 | 0049195 | 0.16447 67

e | g219 | “e1ss3 | 0012053-| -0ag305 | 82965 | 2.0282 B9l | 60580 | BAIN| 0062 0.16442 68.
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<FREON'* 502 SATURATION PROPERTIES—TEM PERATURE TABLE

o PRESSURE © WOLUME. - |~ ODENSITY - ENTHALPY ENTROPY. L
TEMP. o cwttfib tofeu (f - . 8tufib : © BluILYCR). TEMP.
° s - g § B v 3y p e

¥ . PSIA psic | Liquio- | VAPOR | LIQUID | VAPOR LIQUID | LATENT | VAPOR-| LIQUID | VAPOR |- E.
1 | 61225 |- 46529 | 0011792 | 066604 84297 15013 13.494 §5.816 79.310 | 002997 | -0.16863 15
6 62379 | 475683 | 0011810~ | 065410 | 84669 15288 | 13756 [ . 65660 79416 | 003052 | 0.16855 16
1 63548 | 48852 | 0011828 | 0.64241 .| ‘84.540 15566 | 14018 | 65503 79521 | 003107 | 0.16848 17
18 | se73e | s0038 | 0011846 063098 | . 844il 15848 | 14281 65.3¢5 | 29626 | 003161 -| 0.16841 18
19 5936 | s12¢0 | 0011864 | 061979 | 84282 | 16134 . TS | 65186 19731 | 003216 | 0.16833 19
] 67155 | - s2.459 | oor18s3 | 060884 | 84152 1.6424 14809 - | 65026 73836 | 003270 | o0.16826 | 20
A 68391 63695 | 0011901 | 059812 | -8&4.022 1619 | 15073 | 64866 | 9.940 | 003325 | 0.16819 2
2 ca63 | s49u | 00190 | ossrez |- 89 | 13007 15339 | 60204 | #0043 - 003379 | 0.16812 2
2 703913 217 | 0011938 | 057735 | 83.760 17320 | 1seot | easa2 | 80147 | 00343¢ | 0.16805 23
u 72199 | 57.503 | 0011957 | 056730 | 83623 (LI62Y- | 18871 | eAdn- 80250, | 003488 | 016793 | 2
25 73.503 58807 | 0011976 | 055745 | 83497 17938 .| 16138 | ed21s | 80353 003431016792 | - 25
% jegq | 60128 .| aongss | osasr | 83365 | 18254 16405 | 64050 | 80.455 |. 003597, | 0.16785:| . 26
2 76.163 61467 | 0012014 | 053831 | 23232 | 1814 16.613 63.884 80557 | 003652 | 0.167728 2
28 .| 71520 | . 62824 | 0012033 | 0.52912 23069 | - 18898 16.941 6117 | 80659 | 003706 | 0.16272 28
2 18894 64.198 | 0012053 | 052007 | 82.966 15226 . |- 17210 | 635%0 | 80760 | 003761 |. 016769 29
<3 | sozss | €559 | 0012072 | 051120} 82832 1.9561 14g0 | €338 | gossl f 00315 0.16759 k')
cw ] siewr | ercor |0oizes2 | 00251 | 22698 f. .1.9%0 120% | 63212 80962 | '0.03870 | 0.16752 k]|
R 83126 | 68430 | 0012111 | 049399 | 82563 2022 18020 | 63042 | 81062 | 003924 . 0.16246 n
ki) 84573 | 69877 | 0012131 | 04855 | 82428 20590 |- ag291 | 281 ‘| siLie2 |:003979 | C.46739. | 33,
| 86.038 71342 |- 0012151 | 047748 | 82292 20043 - 18563 | -62:698 31262 | 004033 | 0.16733 S
3 81.522 72826 | 0012171 .| 045947 | . 82.1% 20300 | 18835 | €2526 | 81361 | 004087 ‘| 0:1672) 35
36 £9.026 74330 | 0012192 | 046162 | 82020 | 21682 19.007 | €23%2 81460 | 004142 |:0.16721 36
k)] 90.548 15852 | 0012212 | 045393 | 81883 | 22029 19381 621717 81558 | 00419 | 0.1671S k})
38 62.089 | 77393 | 0012233 | 044638 -| - 81.746 22401 | 19654 | 62001 8165 | 004250 | 0.16708 38
k] 93.649 78.953 | 0012253 | 043899 |- 81.608 22119 19928 | 61825 | 81754 | 0:04305 | . 0.16702 39
40 95229 | - 80533 | 0012274 | 042175 | 81469 | 23161 20203 | 61647 81851 [ 004359 | 0.166% 40
Al 96.828 82132 | 0012295 | 042464 | ‘81330 | 23549 20478 | 61469 .| 81948 | 004413 | 0.166%0 4l
a2 egaa? |- 83251 0012316 | 041267 | 81191 |  23%1 20754 | 6129 82044 | 004468 | 0.16684 Q
Q 100.08 8538 . | 0012337 | 041084 | 81.051 24339 21030 | 60 .| 8216 | 004522 | 0.16678 a3
a7 10174 104" | 0012359 | 040414 [ 911 24743 21307 -| "60.928 £2235 | 004576 | 0.16673 «“
45 103.42 88.72° |-0.012380 | 039757 | 80.770 25152 21584 | 60.746 | 82331 | 004630 | 0.16667 45
46 105.12 90.42 | 0.012¢02. | 039113 | 80.629 25566 21361 | 60563 22425 | 004685 | 0.16661 “%
A7 106.84 9214 | gorzeze | 03881 | soasr | 25986 | 22040 | 60380 |} 2SN 004739 | 0.16555 ar
48 108.58 ‘g788 | 0012446 | 037861 | s03es 7| 26412 |. 22418 | €0.195 82613 | 004793 | 0.16649 48
'] 110.3¢4 “9564 | 0012468, | 037252 | 80202 | -2.6843 22697 60.009 - | ‘82707 | 004847 | 0.16644 49
s0. .| 1212 9742 | 0012490 | 0366ss | so0ss | ‘27280 | -22977 | S9R72 22900 | 004501 | 0.16638 | SO
s 1392 9922 |-0012513 | 036070 | 79914 2113 | 23251 | se63s | s28; | 004955 | 0.16632 st
2 15,4 10105 | 0012536 | 035495 | 719.769 28112 73638 | 99446 | %2984 | 00509 | 0.16627 7]
s3 | 11789 16289 | 0012558 | 034931 | . 79624 | 28621 23819 59257 g3076. |. 005063 | o.16821 $3
sa- | 11945 10425 | 0012581 | 034377 | 79479 29088 | 24100 | 59066 83167 | - 005117 | 0.16616 sS4
$5 121.34 10664 .| ooizeos | 033834 | 79332 | 29555 | 43k | 58815 23257 | 005171 | 0.16610f S5
-5 12325 10855 | 0012628 | 033301 { 79.185 30028 | 24665 | 58682 83347 | 005225 | 0.16605 | 56
.. 81 125.18 11048 | 0012652 | 032177 | 79038 3.0508 4948 | - 58489 81437, | o0s219 | 016599 ) &7
S8 127.13 11243 | 0012675 | 032263 | 78890 30094 | 25231 | S82% £52% |- 005333 | 0.165% 8
59 12000 | 11441 | 0012699 | 031759 | 78741 3.1486 25515 | 52099 83615 | 005387 | 016588 | 9
)] 131.10 15640 | 0012723 | 31263 | 78592 |- 31985 | 25798 | S7.903: g703.| 005441 |. 0.16583 &0
61 13302 | 11842 0012248 | 030177 | 78441 32491 26.084 $7.705 | 83790 | 005495 | 0.16527. 6l
62 13506 | 12046 | 0012772'| 030299.) 78281 33004 26370 | - 51.507 83877 | 005549 | 0.16512 62 .
(5] 3R 122.53 ‘| 0012797 | 029830.|  78.140 33523 | 26656 | 67308 | . 83.964 | 005602 | 0.16565 6
(7] 13931 12461 | 0012822 | 029369 |~ 77.988 34049 | 26842 /| 82107 84050 | 005656 | -0.16561 (TR
6 | a2 | 12672 | omzear| oz2e96 | 77835 34582 | 27229 | 6906 | 84135 005710 | 0.16556 65
L6 14355 - 0012872 | oz8a71 | 71682 | 3512 21516 | ' S6.104 84220 | 005764 | 0.16550 66
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 SATURATION PRO PERTIES—TEMPERATURE TABLE

o eciaE VOLUME DENSITY. ENTHALPY. - ENTROPY )
ygmp, | PRESSURE. at/m /et s/ aw/@xR  |TemP.
"t eg T LQuID | VAPGR | L1QUID | VAPOR | 1QUID | LATENT | VAPOR | LIQUID VAPOR | of
3 (211} PSIG - vy ‘v vy 1ve .73 by he sr Se :
15 ] a5 | 119 ] ool | 1.200 £9.070 | 082086 | ILITI | 62.09- | 78861 | 0026243 | 0.16758 15
16, 33060 | 18364 | 0.011241°] 1.1828 85962 | 0.8es40| 11989 | 66977 | 18966 | 0.0266%9 | 0.16750 16
S L Be | reeis | oonzse | Lisil | gsgse | 086125 12207 | - 66.864 79071 0027154 | 0.16242 n
18- | ‘3378 | 19682 | 0011268 | 11399 28746 | 087729 | 12426 | 66750 | 79.176 | 0027608 | 0167341 .18 °
19| -3sesz | 20356 .| 0011282 |- L1191 88637 | 089356 | 12644 | 5636 | 79280 .| 0028062 | 0.16727 19
w20} 3.3 | 21040 | 001125 |- 1.0%88 #3529 | 091006 | 1283 |- 66522 [ 79385 | 0028515 | 06N9 | 20
Yo |0 36430 |217340 [o001310 | 10190 88419 | 092679 | 13081 | 66407 | 79488 | 0028968. | 0.16712 1.~ 21
‘2. | a3s | 22439 | 0011324 | 1.05%6 82310 | 094377 13300 | 66293 | - 79.593- | 0029420 | 0.16704 2
23 | 39 |- 23053} 0011338 | 1.0406 28201 | 096098 13520 | 66177 | 79697 | 0.023871° ] 0.16697 2
toaa. | 38S14 | 23818 | 0011352 | 1.0220 88091 | 097843 | 13733 | 66061 79800 | 0030322 | C.166%0 A
25 . | 3930 | 2es1¢ | 00136 | 10039 [ 27981 | -0.5%13 |. 139584 €546 79.904 | 0030772 0.16683 { 25
26 @oss | 25360 |-0011380 | ogssi2 | 82870 (. 10MI | Cl41E: | 65829 11" 80007 | QU312 | 01683674 %6
2 sy | 2607 | oo13ss | ogesre | 8760 | 10323 14388 | 65713 |- S0.MI1 | 0M3IEN0 | 0.16669 q
78 | “ass0 1 2688¢ | 0011409 | 095173 [ 87649 f - 10507 | 14618 | €55%6 20214 | 0032118 | '0.16662 28
] @359 | ‘21663 | conazd | 083509 | #7537 | 10694 | 14238 | 65478 | 80316 | 0032565 [ 016655 2.
30 ae8 | 28452 | 0011438 | 091880 | 81426 | 10884 15058 | 65361 | $0419 | 0033013 | 0.16548 k]
3l a3es | 20252 °| 00nias3 | oso2ss | 81314 | w076 | 15209 | 65243 ) 8052 | GOIME0 | 0.16642 3
32 «760 | 30064 | oornes | ogsres | #1202 | 11270} o15500 | 65424 ) 80.624 ' 0013905 0.16635 2
33 | oasse3 | 30887 | oo1Ms2 | 047197 | 8700 | LU 15020 | 65006 ) '80.726. | 0034351 | 016629 | - 33
LN 46417 31721 | oonasr | ossi02 | 869717 | 1a6s8 | 15942 | 64885 | 80828 | 003479 | 016622 | ' U
-35 47263 | 32567 | oonsi2| ©84237 | 86865 | 11871 16163 | 64767 | £0.930-| 0035240 | 0.16516° | . 35
‘36 | -48.20 ‘| 33424 | 0011527 | 082803 | 86251 12077 |- 16384 | cea6di’ | 81.031 | 0035683 | 0.16610° . 36
37 89 || 36203 | oonsez | 0si309 | 86638 | 12285 | 16606 [ 64527, | 8LIM. | 0OIIZ6 | 0.1660¢ 3
.38 9810 |- 35178 - oonssy | 080023 | 86524 | 1249 | 1688 | 64406 | 81234 | 0036569 | 0.165%8 38
.39 0763, | 36067 | ootisr3 | 078676 | ‘86a10 [ 12710 | 17050 | 64285 | 8135.) 00301l | 046592 ) . 39
L4 51667 | 36971—| oonsss | 077357 | 8s296 | 12320 | 11213 | 6A1E3 | 814 | 00353 |-0.16S85 | 40
a 53¢ | 37888 | 0011603 | 076064 | 86181 | 1317 | 17495 | 64042 | 8153 0037833 | 0.16580 4
- S3s13 | 38817 | oousts | oare8 | ssoes | 13369 | 12718 | e3sis | 3163 003834 | 0.16574 Q
L 54.454 39.758 | 0.011635 | 073557 | 85.951 13595 | ‘172941 [ €3.7% | 81237 [ 0038774-} C.16568 4
44 5407 | 10011, | coeso | or2sar | ssass | 13m3 | 1.ed | 636737 8187 | 003%213 | 016562 u“
45 a1 | avenr | ooness| oamas | 85720 | 14055 | 18381 | 63550 | 81937 | 003%S2 | 0.16557 45
46 2352 | 4265 | 0011682 | 069987 | ‘sseos | Lazsy | 1861 | 63426 | 82037 | 0040091 | 016551 46
a 8343 | 43647 | 0011698 | 068837 | 85481 | 14527 | 18835 ) €3301 82.1% | 0040529 | 0.16546 | .. .47 -
(48 s0347 | auest | conne | osms | gs3n o 14768 | 19053 | BT | 82236 | 004036 | 0.16540 48
49 60364 | 4ses8 | oonrw | osssts | ss2s | 1sm2 | 192837 €30Sl . B23U 0041403 | 0.16535 &
S0 et | 46698 | 0011746 | 065537 | 8513 | 15258 |- 19507 | 62926 | 84T | OMIEI . 016530 .50
st 62.437 741 | oone2 | osaaso | ssois | 15509 | 19732 [ 62800 | 825321 0.042276 |- 0.1652¢ st
2 63.4%4 8798 | 0011779 | o063 | seg00 | 15762 | “19.957 |- 62673 | 8630 | 0042711 | 0.16513. 2.
kY erse3 | 49867 | oonres | osazs | sz | 16019 | 20182 ) 62546 | 82JZ8 | 004G | 016514 s3
S4 65646 | 50950 | oonswl | 061431 | 846s3 | 16278 | 20408, | 62418 ©2526 | 0043581 | 0.16509 54
s 243 | s200 |ooiims | ososs3 | sasde | aesez | 206M| €22 | L2926 | 004015.) Q164 55
56 7853 | suis7 | ootises | osodss | sedzs | 1es0s | 20859 | E2162 | 830217 004MS | 016439 56
1. eso77 | ‘sazst ‘| oories2 | osessa | se30s | 17078 | 21886 | 62033 | &119 1100483 | 0.16454 s7
S8 70115 | ssats | cousrs | os7e32 | seass | 13352 |21312 | 6l03 | -8azis 0045316 | 0.16489 8.
‘%9 | 7267 { sesm | oonss | 0s6r27 | 84085 | 17628 21539 | 61773 | 83312 | 0045748 | 0.16484 59
60 72433 7737 | 0011913 | 055839 | &84 | L1909 | 20765 | 61643 83409 | 0046180 | 0.16479 60
6l 763 | sse17 | .0011930 | 054967 | 83g23 | 18183 | 21993 | 6LS12 | 8IS 0.046612 |- 0.16474. 61
62 74807 | 6011l | 0011947 | os4ll27| 83701 18480 | 22221 | 61380 | 83601 | 0047044 | 016470 |- €2
63 %6016 | 61320 | co1195 | 053273 | 83580 | 1871|2448 |© 61248 | EIEK | QOIS | 016465 [}
o | 77239 | 62543 | oonsez | osauso. | &AST | 19066 | 22676 61116 |  €37%2 [ 0047905 | 0.16460 [}
65 1807 | 3281 | ooizo0 | esieaz | 83335 | 19364 | 22905 | 60982 | 3B | 0048336 | 0.16456 65
66 79729 | 65033 | 0012017 | ososas | 83202 | 19666 | 23133 | 60M9 | ESR | OGEIES | OIASL | 66
.8 809% | 66300 | 0012035 | osSoo7 | 83083 | 1992 | ‘23382 | N5 | 84077 0049195 | 0.16447 €
68 2279 | 61583 | 0012053 | 049305 | 82965 | 2028 | 23591 | 60580 | LI | Q0G| O.16MZ: 68
69 g376 | 68880 | 001207 | oagsss | g2l | 20595.| ri | 60MS | BA2GE.| 0050053 | 0.16438 (3]
70| sdsss | 10092 | co12089 | oazsis| 877 | 20913 | 24050 | 60303 84359 | 0050482 | 0.16434 0
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16.02 _
AIRC10 ' ‘ Name: _

Project 36 ' Date:

Solving for Evaporator
Capacity by Direct Proportion

Purpose: The purpose of this project is to apply the principle of direct proportion
in order to predict the capacity of an evaporator coil used in medium
temperature applications.

Procedure:  Each student will refer to the performance data for evaporators at
16.02a-b. Based upon the performance data and the information at
07.03b, each student will determine the capacity of the evaporator
given the new temperature difference between suction saturation
temperature and fixture temvperature.'

‘The capacity of an evaporator coil and condensing coil is based on the
following consistency: |

0.=UxAxTD

Where Qe=capacity of the evaporator coil, U=heat transfer coefficient of the coil, A=area of the coil, and
TD= temperature difference between the evaporator coil and the fixture temperature.

The student will predict the new evaporator capacity based upon the following
proportional consistency:

Qa/TD:= Qu/TD:

Where: Qe=capacity of the evaporator coil; TD= temperature difference between the evaporator coil and

the fixture temperature
Evaporator coil TD Coil & | Capacity in Btu/hr | Capacity in tons
Fixture ‘
UAHI1 - 232 15
UAH3 - 648 20
UAH?2 - 365 12 v
UAH4 - 980 147,000
UAH2 - 433 60,200
UAH! - 232 46,400
UAH4 - 1100 ‘ -~ 132,000
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set.ecr:ou AND APPLlCATION TABLES FOR-~

‘ "RUSSELL RUSS PAK SYSTEMS o
Tables on the following pages comam capacity and} B '

.balancedata {or the Russ Pak systems. They are intended

"o covef the. normal range of conditions with-various.".
system ‘selections of recommended equapmem

~: - When 'special applications arise which are not covered :
by the Russ Pak sys(em I«sted here consult factory. tor‘;

L AllsystemcapacmesafebasedonQO’ F Ambient. lncrease
. (decrease) capacity by 6% lor each lO"F lower (hlghet)
L v‘amblem temperatufes e .

' Mo'oei; NUMBER NOMENCLATURE

FL46 255(4)

Model number of evaporator
(See paqes 2 and 3 lor descnphon) v

: ,..‘_.._l_:ﬁglr'ig]e_rav‘mf 1=

Compressor HP

L Russ Pak Complcle Re ngeraluon Syslem R
Des1gnauon ! :

““§5°.Cutting Roon

Evap. ‘System Model # - -

182.500

BT Yo
12 | 32000 | 18 | RPHIL-FLaE80
22 | 55000 | 20 | APHS2-FL46-265 "
22 | 78000 | 217 | RPHB2-FLAG-180(2)
.22 1109500 |. 20 | RPH102-FL46-265(2) - |
22 | 1a7600 | V8 | RPH152:FLA6-265(3) -
22

.'55° Storage Room - AL Evaporators

-~

BTUH E;:;‘ - System Model ¥ -
al 2 | 3000} 19° _Réaat-ALm-isé -
s| 722 | 55000 | "21" | RPH52-ALS8-260. -
s | 22| '57000°| 18 | APH52-AL38-156(2)
w| <22 | 81.000

v 20 - APHB2-AL48-208(2)

*_No. bl-evaporators’

-.55° Storage -Hvdqin;UA‘EvapOrales.,, o

5_="

Ret. | Brun | B3P | system Modet s |-
- 22| 82500 |19 | RPHB2-UAH2-433

)| 22| 109500 | 22 | RPHI02-UAHZ-450: ] .
22 | 115000 | * 18 | APH102-UAM2:329(2),
22" | 144500 | - 20 ' | RPH152-UAH3-736

|22 | 142000 . 20- | RPHis2-UAH2-365(2)
22 ] 167:000° | 227 | RPH202-UAH4-980 3
22 2 .| RPH202-UAH2-433(2).

173.000.

Condensmg Unit Temp Range B
(H= H:gh M= Medlum L= Low

-50° Slorage Room

| 172,000

_ae«._? BTUH E{:{' Sys(em Modeu -
12 | 29000 | 116 'RPHZH FL46-180
22"} s1.000. | 19" | RPHS2-FL46-265- . | .
22° | 71000 | - APHB2-FL46-180(2) |-
22 | 103.000 | RPH102-FL46-265(2) "
22 {140,000 [ 17" | RPH152.FL46-265(3). .
22

JRPH202- F L46 265.4)

[RPH202-FL46-265(4) |

- Low Veloccly Fl. Ev




Fq "SSPAK COMPLETE REFRIGERATION l ” T
. J O /AN sysTems witH LIST PRICES MAY1983, U

"ULTRA TEMP:
ULTRA HIGH POWERED
- UNIT COOLERS . *

Low' ?empéralure ‘Models
w«n Ekclrlc Dellos( .

Mp(or
H.P.

€ on
Dh.

BTUIHR

Model |10 1D [12° TD | H | °‘Iw"

Russe(l s new Ultra Temp umt cooler is excepuonally '

7 _versaule. covering all (empefature appllcauons inacom-.

- S B - - - ‘pact. slim profile desugn The Ultra Temp is ideally suited 3
yeUT-118. | 11.800 20| 20 U4 | eein |25 214 o for large walk-ins, storage and freezers. A(rthrownsupto' R
UsU2-236 | 23600 | 28.3001| 20 | 4 | T6% | 25% | 214 370 . 100 feet with opuonal metal.air stralghleners ' o

. .2ggey2-355 | 35500 | ‘42600 [-20-| U4 | T6%|31%|21% . : »

 jUeUIAT4 | 47400 [ 56.800|. 20 |- 4 106% | 31% | 21% )
Tuyeust1r | 71100| 85300 | 20| 4 |136% |31k |21% o

*Ueua-8st | 85:100 | 102,100 | 24 |- 324 - |136% | 49% {23% | 875, - ..
U*U4-1080 |108.000 | 120,600 | 24 .| 34 . {136% | 49% | 23% | 900

w

. hne-ElecMc or Ho(-Gn DC‘W!(

o dﬂmp«lm:h-lo’ Eup‘l'em

25t

" 6 Fins per inch -13° Evup‘l'empenkqi—’.ﬂtcﬂcoc‘ﬂo(-cu de( o < FL T
34| den| 24 204 200 FLO‘W-TEMP
cara | aew | 25% [214 | 220 ‘

A4 | 76%|25% |214 j400 - Low VELOClTY
W4 | T6% | S1%{ 21 _st o UN T_COOLERS
| Fe%| 3121k | &
106% | 314 |21%
374 | 106% | 31% 214
| asac [136% | 314 [ 21% |

ad 136w | 31w [21% | : : .
“are +|136w | 49w |23% |e8s T o T

ueLi-152 - | 15200 18.200
41193 19300 | - 23.200|
- UeL2-304" | 30.400 | 36.500
,0‘12661. 36,100 | 43,300,
Else12-408 -1 -40,800 | .49,000 |
&yeia-sda” | 54000 | 64.800
UeL3613 | 61300 | 73.600°
yeL4-722 |- 72200 | 86.600
yeL4-817 | 81,700 | 96.000

.

SR EEEREE 31'3
£

+ Yo14-1100. | 110,000 | 132.000 K ‘ v - TFen
- UeL4-1380- | 138.000 | 165,600 -4 (136w | 49% [23% 910 ' sodet [ 10° 1z - | Motor
— o - e YO | TO |{Oam [ HP. | O | W | H-| Wt
. AlrDefrostModels. . =~ - . Fleeer | 6700 | aoe | 210 | aw {274 | -san | ew| 100
U T erumes . [ranfmoter "o f 1 |0 L. FL36:100 {10000 {12000 | 3-10 | ‘9w :|27% | 82% |9, | 160
WMadel 10" 10 {15 7O, oml we | ¥ l " |° lw" ) FL36:135 | 13.500 [ 16200 | 3-10" | 16w |27%:| 82w |12 | 207
: B " FLa6-180-118.000 | 216007  4-10 | 16w |27 |106% |12 |'291
. fnch +25% perat AI 4 : : i . ew jroe% | :
‘"“"’" ch 425 ‘E‘""T"" ure—Air Deitost PN FL46-265 | 26.500 | 31,000 | "4-10" | 16w |27% 106w |15 | 320
" UAM1-164 | 16400 | '24.600 |: 20 | 464 | 25: |21 | 200 i i - "
. UAMI-209° | 2090011 31.350| 20 | -46% | 25% |21% | 220. )
S UAM2:329 13 | 76% | 31% 1 21% | 400 TheRusselI FlowTempUml Coolerwasﬂrstmtroduced
* - Fliama-3s0™ | 7w |31 {21k (425 1 . qothe refrigeration industry in 1964 to answer the many
- .UAM2-4_41;, : | Te% | 31w {21%] 446, ‘requests for reduced velocity applications. {t :sespecually
- SUAM3-SES o} - {106% 31w {214 1685 .. designed for high -humidity applications  where meat
UAM3-662 106% | 31 620 shrinkage in cutting and storage rooms is d factor. it has

2
«w

v | 1364 | 31

“UAM4-780 ‘ 7 .7 an extremely comfortable ‘sound level. Thousands have
UAM4-882 136; 126 been inuse in meat cutting, holding and-packaging rooms,
A "sl _ fruitand vegetable storage roomsand florist boxes. Flow-
i Am-tsss 'l65 600 ; 24 _ : éﬁ: Temps come witha wmte baked poiyester coatlng on the
8 Fins per kicth bzs‘,Enpj’(«l‘\pep(uQ—Mt Detrost’ ) ' housing. o : :
| UAH1-182 | 18200 | 27.300 | :g i 13 ) 46| 25% | 210 20 ‘ § "Al‘i.of:t'he a_boye Unit Cod(ezrs' are UL‘l'ist'ed andare m,a‘dev .
20-_‘ vfor standard.air detrost-as well as electric. defrost. h
2| _ f
120 . TESTING’
3 ¢ 200 20 ; Each Russ Pak sys(em is assembled under stnct quallty.
. UAH3:736 | 73.600 {110,400 | 20 ) ,control ‘The condensing unit is pressurized for leak detec-
(UAHa-866 | 66,600 | 129.900 | 20" § “tion, then fully evacuated to 200 microns pressure.. The .

N
o

electrical circuit is given a full dielectric test priorto the
-unit being.given a complete run test. The unit is prepared
for. shipment wuth a ho(dmg charge ot dry mtrogen.

800|241
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. Procedure:
T - _minute (RPM) of the motor on a belt drive blower assembly. Based on

1603

ARC10

. - PI'O_]eCt 37

E jJ_P'urpoxse: -

'The purpose of th15 pro;ect is to apply the pnnmple of mverse
- proportion in order to predlct the RPM of a blower fan 1n an a1r
T "»dlstnbutlon system o v : S e

Solvmg for Blower RPM Based'
on Inverse Proportlon Do

Each lab group will Yecord the pulley'Sizes'ahcl"harhe plate rotations “.p'e\r“ SN

| . :'*_v_[the data, the group w111 determme the RPM of the dnven pulley from ‘ R
‘the mverse proportlon ' et I RO ot

 DUD-RPMURPM,

Where Da-the dlameter of pulley A, Db=the diameter of pulley B, RPMaF the Rotatlons per mmute of

pulley A, and RPMb— the rotanons per mmute of pulley B

RPM

Name plate T Dxerneler "l)'i'ameferv»:‘ Predlcted RPM ActUalRPM N

_ PulleyA PulleyB",f PulleyB iPulley'B' i
| w1

. 1:725 o

| 35,-’,7”‘*~~ 107

7;;1725,v_7' 5

3450

a0

B I T




- 1700
AIRC10 S , Class Session 17

Objectlve After successﬁllly completlng this lesson, each student should be able to o

1. Apply proportions to solutions for air distribution problems '

2. Interpret the functions of exponents

3. Solve air side HVAC problems that requlre the multiplication of numbers in.
exponential form.

Information: Basic vocational-technical mathemati'CS by Olivo & Olivo, Unit 64

Essential Concepts

~ 1. Blower RPM and air volume vary dlrectly _

2. Horse-power requirements for an electric motor 1ncrease exponentlally per unit
increase of blower RPM.

3. A simplified method of stating that a quantity is to be multiplied by itself many times is

to write the number in exponential form

Structure: :

The instructor will discuss the essential concepts of the lesson. To reinforce the essential
concepts, the instructor will illustrate proportions based on the fan laws. When no further
questions about the essential concepts or processes are observed, the students will be
assigned two projects

1. Solving for Air Volume and Motor Horse-power Requirements
Each lab group will be assigned an air handling unit with a belt drive blower. The
group will check out the necessary instrumentation and measure the air volume
traveling through the duct work. Once the volume is determined the group will
be asked to increase or decrease the volume by a percentage. The solution will
require determining new pulley diameters and proving the horse-power capacity
is sufficient to meet the new air volume. This project is located at 17.01

Evaluation:
There are six points possible for both projects. Each student completmg the
projects will receive full credit. Students who do not come prepared, do not
participate, or fail to complete a project w1ll loose two points for each project they
fail to complete
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H,»pspAnu:1o‘ 'Q'y7='ru”-ht,*v'yJ“Q‘A«_s~r 0 Name_.
-*sj,,Pnnect38 L T R T Db e e

Solvmg for All‘ Volume and
Motor Horse-Power -

- Purpose The purpose of th1s pl'OjeCt is to apply the prmclple of i mverse
. proportion in order to.solve for RPM of a blower fan in an air. AT
B dlstnbutxon system and predlct horse-power requlrements e (T

B Procedure: - Each lab group Wlll be a551gned an air handhng unit w1th a belt drlve

B blower assembly The group will check out the necessary - ' 3 -
o .mstrumentatlon and measure the alr volume travelmg through the duct SN
ij"fwork Lo : EAREE RN S

" - 'Once the volume of air ﬂow is detenmned the group Wlll be asked to jv_ co
. increase or decrease the volume bya percentage The rule for ad]ustmg_; R :
o air volume through a duct is as follows . : S

R , RPMB!/RPMBZ-—CFMI/CFMZ - SO
S ‘Where RPMBl—ongmal RPM of pulley B, RPMBz—reqmredRPM of pulleyB St
R CFMl—ongmal air volume, and CFMz—desu'ed air volume ’ ERENS

Refemng to prolect 38 the dlameter of pulley A can b ea djusted to A
achleve the new RPM of pulley B.. ' ‘ g

L Db/Da—RPMa/RPMb hp e B e
- Where Da—the dlameter of pulley A, Db=the dlameter of pulley B, RPMa— 'the Rotatlons per Bt
o -v‘ymmute of pulley A, and RPMb= the rotatlons per mmute of pulley B Ceew )

o Horse-power requu’ements (hp) must me checked any ttme the RPM of blower
e lS adjusted The relattonshlp between RPM and hp reqmrements is: . g

hpz hp1X(RPMBZ/RPMBl) N L
_— there hpl—ongmal horse-power, hpz=new. horse-power reqmrements RPMBl-—ongnal EE R R
'}"»'RPMofpulleyB RPMBz—reqmredRPMofpulleyB , e

Existing_| ,“**rtﬁr:f-“,-.,.mf:rgf--‘.~°ﬂv= )




" APPENDIX B

. 1946-1996 )
1100 NoRrTH GRAND AVENUE YEAR

WaLnut, CA 91789-1399 —I!EI!Ea -

N ; - . January 15, 1996
Dr. Allen D. Truell '
‘M.A. Program Coordinator .
Department of Secondary and Vocational Educauon
California State University San Bernardino’ - '
-.5500 University Parkway
San Bernardino, CA.

Dear Dr. Truell,

The Office of Instructional Services at Mount San Antonio College solidly supports Mr. Darrow L
Soares in developing his masters project to integrate mathematics with air conditioning and
refrigeration.

_ In discussing the project with Mr. Soares, it is clear that the cumculum he proposes will enhance
the relevance of his program to the workplace. The instructional strategles he offers will i 1mprove T
" critical thmkmg, problem solving, and academlc skill attainment. -

The College goal for 1996-1997 is to have the curriculum for targeted programs include the
integration of academic and career education as well as the inclusion of program strategies that
reflect workforce needs. Since Mr. Soares’ ‘department falls into the targeted category of
Engineering and Related chhnologles his project will be very relevant to the goals of the college
and our community. : .

1 look foreword to worlcing with Mr. Soares on this project -

mcerely,

R\&N\ \x\\\g\
Ms. Barbara Crane

Dean of Instructional Services :
Mount San Antonio College

(909) 594-5611 « FAX (909) 794-7661
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