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Dear Learners,

This book is intended to serve as a ready reference for learners of vocational
higher secondary schools. It offers suggested guidelines for the transaction
of the concepts highlighted in the course content. It is expected that the
learners achieve significant learning outcomes at the end of the course as
envisaged in the curriculum if it is followed properly.

In the context of the Right- based approach, quality education has to be
ensured for all learners. The learner community of Vocational Higher
Secondary Education in Kerala should be empowered by providing them
with the best education that strengthens their competences to become
innovative entrepreneurs who contribute to the knowledge society. The
change of course names, modular approach adopted for the organisation of
course content, work-based pedagogy and the outcome focused assessment
approach paved the way for achieving the vision of Vocational Higher
Secondary Education in Kerala. The revised curriculum helps to equip the
learners with multiple skills matching technological advancements and to
produce skilled workforce for meeting the demands of the emerging
industries and service sectors with national and global orientation. The
revised curriculum attempts to enhance knowledge, skills and attitudes by
giving higher priority and space for the learners to make discussions in
small groups, and activities requiring hands-on experience.

The SCERT appreciates the hard work and sincere co-operation of the
contributors of this book that includes subject experts, industrialists and
the teachers of Vocational Higher Secondary Schools. The development of
this reference book has been a joint venture of the State Council of Educational
Research and Training (SCERT) and the Directorate of Vocational Higher
Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions for
the improvement of the book.

With regards,
Dr. P. A. Fathima

Director, SCERT, Kerala
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BREFRIGERATION & AIRCONDITIONING (RAC)

PART - A

REFRIGERATION & AIRCONDITIONING (RAC)
ABOUT THE COURSE

TheVocationa Higher Secondary coursewas envisaged as part of the National
Policy on Education (NPE)-1986 with the nobleideaof securing ajob alongwith
education. Therelevance of vocationa educationishighly essential inthisage of
unemployment. Vocationa Educationa system, which ensuresajob dongwith higher
education, stands al oof from other systems of education. The twentieth century
witnessed tremendous progressin commercial refrigeration and air conditioning
particularly after DuPont introduced Freonrefrigerants. Thenew century hasemerged
with theintroduction of new dternatives. Thevocationd courseinrefrigeration and
air conditioning intendsto acquirerefrigeration skillsand update the knowledge of
the present world.

L earning about refrigeration should be activity-based, process-oriented, |earner-
centered, environmenta based and life-oriented. Refrigeration contributesto increasse
theraising of living standards of the people of dl lands. Theadvancesmadein the
field of refrigeration in recent years are the result of ateam approach in which
techniques, persons, engineers, scientistsand others pool their skillsand knowledge.
Thefoundation on which new substancesand materialsare built is provided by
science. Thisknowledgeisapplied totherefrigeration field by thosewho design,
manufacture, ingtall and maintain refrigeration equipment. 1t isthen made useful
through subsequent planned research, development and practica application.

Theapplication of therefrigeration principleislimitless. Themost common use, and
that readily recognized, isthe preservation of food. Almost dl productsinthehome,
on the farm, in the business, in industry or in the laboratories arein some way
protected by refrigeration. Thusrefrigeration hasbecome an essentia technol ogy of
modernliving.
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MODULE-3
MAJOR SKILLS

TROUBLE SHOOTING AND MAINTENANCE OF AIR CONDITIONING
EQUIPMENTS

SUB SKILLS
ENGINEERING GRAPHICS

INSTALLATION OF WINDOW AC

INSTALLATION OF SPLITAC

TROUBLE SHOOTING OF WINDOWAC

SERVICING OF WINDOW AC

TROUBLE SHOOTING OF SPLITAC

SERVICING OF SPLITAC

INSTALLATION OF DUCTABLESPLITAC

TROUBLE SHOOTING OF DUCTABLE SPLITAC
» SERVICING OFDUCTABLESPLITAC

MODULE - 4

MAJOR SKILLS

SERVICING OF AUTOMOBILE AC & CALCULATING CAPACITY
REQUIREMENT

SUB SKILLS
» FIND CAPACITY OF EQUIPMENT REQUIRED
» MAINTENANCEOFAUTOMOBILEAC

» SERVICINGAND REPLACEMENT OFAIR CONDITIONING CON-
TROLS

» FABRICATION OF DUCT

YV V.V V V V V VYV V
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SYLLABUS
MODULE 3: SPLIT AND DUCTABLE AIR CONDITIONERS

Unit No.: 3.1 ENGINEERING GRAPHICS

Orthographic Projection - Orthographic viewsof smpleobjects- Pictoria Drawing
- Isometric projection-Principle, isometric scale, isometric view. Auxiliary views —
Principle —need - primary auxiliary views. Sectional views of objects. Free hands
sketching of straight lines, rectangles, squares, circles- Sectional viewsof simple
engineering components and devices. Development of surfaces - concept —
applications- development of cylinder and pyramid.

Computer Aided Drafting

Introduction to CAD-compare conventional drawing and CAD —Starting to use
CAD software —Application of CAD in engineering drawing-Opening of CAD-
Setting of unitsand limits-Saving of drawing-Draw Commands(lines, circle, arc,
dlipse, hatch, modify, erase, etc.).Dimens onig and text commeands-Practice (different
methodsof drawinglines) Drafting of 2D figurescreating anew drawing.

Unit No.: 3.2 PSYCHROMETRY

Air conditioning- comfort and industrial. Factors of comfort air conditioning.
Psychometric propertiesof air. DBT, WBT and DPT, Vapour pressure, Specific
and rel ative humidity, entha py. Psychometric charts- Sensibleheating and cooling,
Cooling by passfactor, Humidification and dehumidification processes. Classfication-
summer, winter, year round. Simple problemsusing psychometric chart.

Unit No.: 3.3 BASIC ELECTRICITY & ELECTRIC MOTORS

Basicsof dectricity. Single phase and three phaseinduction motor- working principle.
Threephasemotors- squirrel cage, dipring. Singlephasemotors- split phaseinduction
motors, capacitor start induction motors, capacitor start and capacitor run motors,
permanent capacitor motor.

Unit No.: 3.4 AIRCONDITIONING EQUIPMENTS

Brief explanation about window, split, package, centra, chilling plant & VRFair
conditioning systems. Areas of application.

Unit No.: 3.5 WINDOW AC

Types-common, portableand precis on-appli cationsworking,careand mantenance-

meritsand demerits.
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Unit No.: 3.6 SPLIT AC (Wall, Floor, Ceiling Mounted & Tower/Slim line)

Congtructionandworking principle, types, trouble shooting-description of eectrica
components- study about thewiringcircuit-SplitAC (Tower/Slimline): Congtruction,
working principle, types, trouble shooting. Description of € ectrica componentsused
insplitAC. Study about thewiring circuit.

Unit No.: 3.7 SPLIT AC (Duct, Multi/Dual Split)

Study of theductable split AC, itsconstruction and working principle.

MODULE 4: APPLICATION OF AIR CONDITIONING
& CONTROLS

Unit No.: 4.1 INVERTER SPLIT AC

Construction and working principle-compari son between an AC with star rating
(energy efficiency ratio) andinverter AC, Inverter AC-Norma compressor + variable
speed compressor. Specia features-motor, insulation, piping.

Unit No.: 4.2 HEAT LOAD CALCULATION

Importance of cooling load cd culation. Different components contributing thetotal
cooling load-heat |oad dueto structurd wall, infiltration, ventilation, occupantsand
power equi pment of abuilding. Simpleproblems.

Unit No.: 4.3 SPECIAL AIRCONDITIONING APPLICATIONS

Elementary ideas of automobiles, railways, clean room, hospital and theatre air-
conditioning. Elementary ideaof Reefer air-conditioners, HVAC.

Unit No.: 4.4 REFRIGERATION & AIRCONDITIONING
CONTROLS

Study of relays-amperage, voltage, PTC and hot wirerelays. DOL Starter. OLP,
thermodtat, pressure controlsand oil pressurefailure controls. Variable speed drives.

Unit No.: 4.5 TRANSMISSION AND DISTRIBUTION OF AIR

Duct-classification of duct- supply, return and fresh air ducts, air outlets. Ducting
components-fan, filter, duct openings. Introduction to different duct design methods,
duct arrangement.

Unit No.: 4.6 SIMPLE PROJECT WORKS

Onesmpleworkingmodel (skeletons) of refrigerator, water cooler, icecream churner,
car AC or any other relevant activity
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PART - B
MODULE-3
SPLIT AND DUCTABLE AIR CONDITIONERS

Thismoduleisdesigned to devel op both theoretical and practica skillsof thelearner
in the field of al types of air-conditioning machines used now-a-days. An
understanding of the psychrometric propertiesof air and their influencein comfort
ar-conditioning isimparted. Electrica wiring know-how isnecessary for any basic
troubleshooting of any machine. Ingtdlation, servicing and trouble shooting of widdy
used air-conditioning machineslikewindow arconditioner, variousdirect and ductable
split air-conditioners, cassette airconditioner will help thelearner start hiscareer
directly as a grade “C” mechanic.

UNIT 3.1: ENGINEERING GRAPHICS

Engineering graphicsis the language of Engineers.Drawing fundamentals
and simple drawing up to the projection of points are detailed in Module 1.
In thismodule Orthographic projection,lsometric view and Computer-Aided
Drafting areincluded.

Learning outcome:
Thelearner:

» Understand orthographic projection

» Understand isometric projection

» Draw smpleobjectusng CAD
Orthographic proj ection: Orthographic projection isone method of projection
used in engineering drawing in which the objects are projected on imaginary planes.
Thismeanstheobject becomes2D. Thedifference between Orthographic Projection
and any other drawing method isthat, weuse severd 2D viewsof theobject instead
of asingleview. In orthographic projection, the object isplaced aninfinitedistance
fromtheobserver. Theimage, formed onthe picture planeisorthographic projection.
Theword 'orthographic' meansto draw at right angles.

L

P- Plan, E- Elevation, Sidevigew (EE)
EE- End Elevation Front view(E)
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Basicsof Orthographic Projection: Orthographic Projection hel ps us see an object
in2D. Todothisweneed to look at 90 degreesto theface of an object. The planes
of projection are extended beyond theline of intersection to form four quadrants.
Theposition of objectsin any one of thesefour quadrantsare asfollows:

1. Firsthorizontal plane(HP) infront of vertica plane(VP)

2. Second quadrant-Above HP and behind VP

3. Thirdquadrant-Below HPand behind VP

4. Fourthquadrant; Below HPandinfront of VP

Orthographic views. Orthographic viewsare obtained from orthographic projection.
Thefront, top and side views are called as orthographic views. In orthographic
projection, the picture planes are call ed as planes of projection and the perpendicular
linesarecalled project lines or projectors. When we draw an orthographic view of
thefront of an object, itiscaled ELEVATION. When wedraw an orthographic
view of thetop of an object, itiscalled PLAN. When we draw an orthographic
view of onesideof anobject, itiscalledan END ELEVATION.

Types of orthographic projections:

Usually thereare 4 types of orthographic projections

1) Frstangleprojection

2) Secondangleprojection

3) Thirdangleprojection

4) Fourthangleprojection

In engineering drawing we prefer only thefirst angle projection.
DIFFERENCESBETWEEN FIRST ANGLE AND THIRD ANGLE PROJECTION

( First angleprojection Third angleprojection )
Theobjectisplaced inthefirst quadrant | Theobject isplacedinthethird
quadrant
The object liesbetween the observer Theplaneof projection liesbetween
and the plane of projection. the observer and the object

Inthismethod, whentheviewsaredrawn| Inthismethod, when theviewsare
intheir relativepogtion, theplancomes | drawnintheir relative position, the
below thedevation. Theleft sdeviewis | plan comes above the elevation.
drawnintheright sideof elevation. Theleft sdeview isdravninthel eft

sdeof devation.



BREFRIGERATION & AIRCONDITIONING (RAC)

Theplaneof projectionisassumed Theplaneof projectionis
to be non transparent assumed to betransparent
Normally thisprojectionisusedin Normally thisprojectionis
Indiaand British countries usedin USA

Projection Symbol

First angle G @

Third angle @ G

Example 1

Draw the€eevation looking from thedirection of arrow FV, plan, theright sideview
and|eft sideview for thepictoria view asshowninfigure.

e I
& ®
T TR
@@ & ® © @ !i ®
i }
RIGHT SIDE VIEW FRONT VIEW LEFT SIDE VIEW
>
FY
FRONT ViEW \ s m

TOP VIEW

I sometric projection: Theisometric projection of anobject isaoneplaneview
drawn with the object placed with respect to the plane of projection so that al the
three principal axes appear to beinclined to each other at an equal angle of 120°.

Isometric scaleisused to measure the foreshortened length of dimensionsof any
object to draw theisometric projection. The stepsof construction of isometric scale

aregivenbelow :

&>
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(i) Draw ahorizonta line PQ. (ii) Draw thetruelengthsonaline PM inclined at 45°
to the horizontal line (say up to 70 mm) (iii) Draw another line PA at 30° to the
horizontd line,

(iv)Draw thevertica projection of al the pointsof truelength from PM to PA. (V)
Completethescdewith thedetailsasshowninthefigure. Thelengthsshownat the
line PA aretheisometric lengthsto be used to draw theisometric projection.

& M

— 3 =
B €8
&/10‘ 3
0 i
L= P A
C

ISOMETRIC SCALE

Isometric drawing;:

Exercise: Draw theisometric drawing of arectangular prism of base 30 mmx 15
mm and theheight 50 mm

- Draw the isometric projection of a cube of side 50mm.

GE
e

A

»  Drawthe three isometric axes through point *A’.

MakAB=15mm,AD=30mmandAH =50 mm representing thethreesides
of prism.

* Drawtwoverticd linespardld tothelineAH through points B and D.

*  Smilarly draw two morelinesparalle toAB and AD through point H.

*  Mark GandE, theintersecting points.

»  Drawlinespardld to GH and HE through points G and E intersectingat F.
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e Drawlinesparald toAB & AD through points D and B respectively intersecting
a C.

* JoinCB & CD withdashlines.

* JoinFand Casowithdashlines.

*  Ruboff theconstruction linesand completethe prism.

T.E Questions

1. Drawabisectinglinefor thegivenstraight lineAB of length 120 mm.
Draw abisection linefor thegiven straight line PQ of length 60 mm
Dividethegiven straight lineAB of length 120 mm into seven equal parts.
Dividethegivenstraight line PQ of length 70 mm into fiveequal parts.

a M DN

Draw an arc of 40 mm radius touching the two given straight lines[AB =
80mm, AC =70 mm] at right anglesto each other.

Draw an equilaterd triangleABC for thegiven sde. sdeAB=40 mm.

Draw an isosceles triangle ABC for the given data. AB = 70mm, AC =
BC=55mm.

8. Draw asquarefor thegiven length of oneside[sideAB =60 mm].

Auxiliary view: If asurfaceof an objectisinclined to any of theplanesof projection,
theview of thesurface of that planewill not show itstrue shapeand size. To overcome
thisdifficulty, aview of theinclined surfaceis projected onto animaginary plane
pardld tothisindined surface. Thisimaginary planeiscaled Auxiliary planeand the
view obtained onitiscaled Auxiliary view.

Sectional views: Interior detailsof an object cannot be shown on principa exterior
views. In such cases animaginary cutting (sectioning) plane may be used to cut
through the object, so that the portion in front of the plane can beimagined to be
removed so asto exposetheinner details.

Thesectiona view showsand € aboratestheinternal construction of amachine, so
that the drawing showsthe components and parts of the machine. Theview can be
asection of either top view, front view or sideview. Actualy thesectiona viewisan
“anatomy”” of a machine. Designers use this view to analyse the constructional details
and to modify the design of amachine. They aretheprojected views(aither Auxiliary
or Orthographic) which show across section of the source object aong the specified

cut plane. Therearedifferent typesof sectiond viewssuch as:
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(1) Full Sectiond view

(2) Half Sectiond view

(3) Partid/ Broken Sectiona view
(4) Revolved Sectiona view

(5) Offset sectiond view

(6) Removed sectiond view.

horizontal section

object —
PN
f\ Sacy e
(A—2 | LR
O S
e N "If
— “"‘"-.--.:: -V 4

Development of surfaces: The knowledge of the development of surfaceisused
in engineering applications such as sheet metal works, automobile body building,
packingindustry etc. The surface of an object whichisopened out andlaid on aflat
planeiscalled thedevel opment of surfaceof that object.

Develpoment of cylinder: Cylinder iswrapped around apaper. When the paper
isopened, itisrectanglein size. Length = circumference of cylinder, Breadth =
Height of cylinder
Generally, parallel linemethod isused for the devel opment of cubes, prisms,
etc.

e——circumferance——>
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Development of hexagonal pyramid: Pyramidisdevel oped asfollows; Draw an
arc of radius OA — 0 'a’. Divide the arc into 6 equal sectors, so that each sector is

equal to distancex.
Practical
1. Draw orthographicviews
2. Drawisometricviews
3. Draw sectiona views
4. CAD practicalsin computer lab

ASSESSMENT

Draw the orthographic view of parts of adismantled compressor.
Draw schematic diagram of summer AC system using CAD.

TE Questions:

1. Drawthefront view andtop view of the object given bel ow.

Computer-Aided Drafting (CAD)

Thelast two decades brought about enormous changesin the physical appearance
of thedraftingindustry. Thetools, draftersand engineers have moved frommanual
(pencil and paper methods) to computer aided drafting techniques. These changes
were brought about largely with theadvent of computers.

The advantage of computer based drafting isits ability to automate the design
process. Drawings doneusing acomputer based drafting tool can easily bedonein
half thetime compared to the manual drawing methods using pencil and paper.
What makesacomputerized designtool so effectiveisitsability to makerevisions

very quickly.
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Components of a CAD System

Any computerized system, consists of four main components:

* Hardware- Hardware consists of equipment, or the parts of the computer
that could be seen. Hardwareis used to input the datainto the computer system.
Once inside the computer, the data is processed by the hardware into
information. Output equipment isthen used either to placetheinformation on
storage devicesor to present theinformation in human readableform, such as
on adisplay screen or printed onto paper.

»  Software- Software programs are specific sequences of instructions needed
to run computers. Without specific instructions provided by software, a
computer-based system could not function. Software not only processesthe
information needed by users, but a so providestheinstructionsneeded just to
get thecomputer running.

»  Data- Datamust be collected and changed into aform on which the computer
can operate. Although collection methods vary widely, themost common data
input methods are using akeyboard or mouse.

*  People- Peopleforman essentia part of information system. They put together
and coordinatedl activitieswithin the system.

Drafter Input Processing and Storage Output

Keyboard Central
Graphics Tablet Processmg Unit Monitor
You Joystick Plotter
Light Pen Printer

Mouse Storage Media

CAD Software

Draftingisanart of communiceation. It hastheakility to convey informetion to someone
through the use of graphic media. Computer Aided Drafting (CAD) issimply the
application of manua drafting technol ogiesto acompuiter, the ability todraw aline,
arc, or other object on acomputer screen then get that i nformation onto apiece of
paper, so that it might be used by someone.

Advantages of using CAD
Someof theadvantages of CAD over manua drafting are;
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* Drawingtoscale. Inalmost al instances, the CAD operator will producea
drawing that isdrawn to actud size. Thereisno need of rememberingwhich
scale is which and no need for the continual mind set of , “l am drawing at 3/8”
=1

*  Drawing set up. Being ableto have a set of drawingswhich have already
been set up with proper borders, title boxes, schedules, and any other pertinent
information can save hoursof layout and lettering time.

*  Drawingefficiency. CAD programsoften havebuilt in toolswhich givethe
operator the capabilities of saving agreat deal of time. For instance, if the
operator isworking on adrawing which has sixty detailed sprinkler heads
distributed acrossaceiling, it becomesvery time consuming to draw every
head oneat atime. WithaCAD package the operator can draw the head once
and then “copy, array, mirror, or offset” as needed. This same drawing “block”
could also be “inserted” into other drawings, so that it need never be drawn
agan.

»  Drawingmodifications.Asit hasbeensaid, itisvery rarethat any drawingis
completely correct thefirst timeitisdrawn. Modifying drawingsisanintegral
part of any CAD package. (To beableto remakeadrawing, changealineor
two, and haveit plotted in 10to fifteen minutes, rather than manualy re-dawn
an entire drawing, or “smudge” up a drawing with erasures, as it has become
moreimportant sincethe need for fast and accurate resultshasincreased.)

The CAD Interface

Virtually all modern CAD applications use a Graphic User Interface (GUI) to
communicate with software users. A graphic user interface makes use of pictures,
icons, pull-down or pop-up menusthat allow the user to sel ect from apredefined
list of command choi ces. The combination of iconsand menusgivesusersacomplete
picture of theitemsthat can be used and the functionsthat can be performed. A
graphic user interface normally makes use of amouse. Themousealowsthe user
to point at and choosetheitemsor commandsthat heor shewould liketo use. A
user interface that combinesicons, menus, and amouseis easy tolearn and natural
touse.

&>
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UNIT 3.2
PSYCHROMETRY

Psychrometry is the study of atmospheric air and water vapour present in
it Atmosphericair isamixture of a number of gases such asNitrogen, Oxygen
Hydrogen, Carbon dioxide etc.Knowledge of psychrometry is essential to
under stand the workingof air conditioning system.

Learning outcome

Thelearner:

Understand theideaof air conditioning

Learnfactorsof air conditioning and various psychrometric propertiesof air

Explore psychrometric chart, classification and do s mple problems
Psychrometry isthebranch of sciencewhich deal swith study of dry air and water
vapour. Theatmospheric ar we bresthe consi stsof anumber of gases, water vapour
and pollutant particles. The concentration of water vapour and pollutants decreases
withdtitude,

ATMOSPHERIC AIR

[GASESNZ,OZ,HZ,AI’,....] + [ Moisture + PoIIutants]

/

Air conditioning means mai ntai ning temperature, humidity,purity and circul ation of
air inaccordance with human comfort or industrial needs. So psychrometry isvery
important inthefield of airconditioning.

DryAir: Dry air meansamixture of gasessuchasN, O, ArH, or ar without

water vapour iscalled dry air. The percentage composition of air isgiven below.

i GAS FORMULA % |
Nitrogen N, 78.084
Oxygen O, 20.947
Argon Ar 00.934
Carbondioxide CO, 00.033
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N,+O,+Ar+CO,=99.98% Therest isother gases.

Moist Air: Moist airisanumber of gases and water vapour.The amount of water
vapour depends on pressure and temperature of atmosphere. Theamount of water
vapour intheair isanimportant factor affecting human comfort.

Dry bulb temper ature(DBT): Temperature measured with an ordinary thermometer
iscalled Dry bulb temperature.

Wet bulb temper ature (WBT): Thetemperaturerecorded by athermometer when
its bulb is covered with awet cloth is called Wet Bulb temperature. Wet bulb
temperatureisawayslessthan Dry bulb temperature. Whenrelative humidity is
100%, wet bulb temperature and dry bulb temperature areequal.

Specifichumidity: Themassof water vapour presentin 1 Kgof airiscaled specific
humidity. Itisexpressed ingmg/Kgof air.Itisalso called humidity ratio.

Absolutehumidity: Themassof water vapour present in 1m? of air iscaled absol ute
humidity and expressed in gm/m?of air.

Relativehumidity (RH): Itistheratio of massof water vapour present in humid
air to themass of water vapour that theair can hold at the sametemperature. Itis
expressed in percentage. Themoisture carrying capacity of air increaseswithincrease
inair temperature.

Dew point temper ature (DPT): Thetemperature at which water vapour startsto
condenseiscalled DPT. When thetemperature of air decreases, relative humidity
increasesand reach 100%.Thisair iscalled saturated air. At saturation point, water
vapour beginsto condense. So dew point isthe saturation temperaturefor water in
ar.

Eg. Whenyou buy cool drinksfrom ashop, you can see dewdrops outsidethe can.
Thisisbecausewhentemperature of theair surrounding the can decreases, it gets
saturated and water intheair condenses.

Specificvolume: Itisthe number of cubic metersof moist air per kilogram of dry
arr. Itisexpressed asm?/kgof dry air. Inair conditioning process, theamount of dry
air isalways constant and theamount of water vapour may increase or decrease.

Enthalpy: Enthalpy of air isthetota heat energy of dry air and water vapour.When
alrisheated enthalpy increasesand when air iscool ed entha py decreases. Itsunitis
kilojouleper kg.

Meaning of Air conditioning: Air conditioning refersto the treatment of air
smultaneoudy controlling itstemperature, moi sture content, cleanliness, odour and
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circulation, asrequired by the occupants, process or productsin the space. The
subject of refrigeration and air conditioning hasevol ved out of the human need for
food and comfort.

Therearetwo basic typesof air conditioning systemsasfar astheir functionsare
concerned.

(&) Comfort air conditioning system : The purpose of thissystemisto create
atmospheric conditions conducivefor human health, comfort, and efficiency. Air
conditioning systemsat homes, offices, sores, restaurants, theaters, hospita's, schools,
and churchesareof thistype.

(b) Industrial air conditioning system : The purposeof thissystemisto control
atmospheric conditions primarily for the proper conduct of research and
manufacturing operations.

The essentia feature of comfort air conditioning systemisto provideacomfortable
environment for the occupants.

Factors Affecting Comfort Air Conditioning:

1. Temperatureof air: Inair conditioning, the control of temperature means
mai ntenance of any desired temperature within an encl osed space, eventhough
the temperature of the outside air is above or below the desired room
temperature. Thisisaccomplished either, by addition or remova of heat from
the enclosed space asand when required. It may be noted that ahuman being
feedlscomfortablewhentheair isat 21- 24 °C with 56% rel ative humidity.

2. Humidity of air: Thecontrol of humidity of air meansdecreasing orincreasing
the moisture content of air during summer or winter respectively in order to
produce comfortable healthy conditions. The control of humidity isnot only
necessary for the human comfort but aso increasestheefficiency of theworkers.
Ingenerd, for summer air conditioning, there ative humidity should not beless
than 60%, whereasfor winter air conditioningit should not belessthan 40%.

3. Purity of air: Itisanimportant factor for the comfort of human body. It has
been noticed that people do not feel comfortabl e on breathing contaminated
air, evenif itiswithin the acceptabl etemperature and humidity range. It isthus
obviousthat proper filtration, cleaning, and purification of air isessentia to
keepit freefrom dust and other impurities.
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4. Moation of air: Themotion or circulation of air should be controlled, in order
to maintain constant temperature throughout the conditioned space. Hence,
thereshoul d be equi-distribution of air throughout the paceto beair conditioned.

The comfort air conditioning systemissubdivided into three groups
1. Summer ar conditioning system

2. Winter air conditioning system
3. Yearroundair conditioning system

Psychrometric chart: Itisthegraphical representation of various psychrometric
properties of moist air. These chartsare very useful in cooling load calculations.
Psychrometric chart is constructed by taking dry bulb temperaturein X-axisand
specific humidity in'Y-axis. In psychrometric chart, thevertical linesaredry bulb
temperaturelinesand horizontal linesare specific humidity lines. Thecurved lines
arerdativehumidity lines. Theleft outer lineissaturation curveie. relative humidity

IS 100 percent. If you know any two psychrometric propertiestherest you can find
using apsychrometric chart.

WEBT LINES

ENTHALPY LINES

VAPOUR PRESSURE
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Specific humidity

Psychrometric Processes: Inthedesign and analysisof air conditioning plants,
thefundamenta requirement isto identify various processesbeing performedonaair.
All these processes can be plotted easily on apsychrometric chart. Thisisvery
useful for quick visualization and also for identifying the changesthat aretaking
placein theimportant properties such astemperature, humidity ratio, enthal py etc.
Thevarious psychrometric processesinvolved in air conditioning that vary the

psychrometric propertiesof air according to therequirement areasfollows.
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1. SenshleCooling 2. SenshbleHesting
3.  Humidification 4. De-humidification

SensibleCooling: Thecooling of air without any changeinitsspecifichumidity is
known as sensible cooling. Cooling of the air is one of the most common
psychrometric processesin theair conditioning system. Thebasic function of the
arrconditionersisto cool theair absorbed from the room or the atmosphere, which
isat higher temperature. The sensiblecooling of air isthe processinwhich only the
sensible heat of theair isremoved so asto reduceitstemperature, and thereisno
changein themoisture content (kg/kg of dry air) of theair. During sensible cooling
processthedry bulb (DB) temperature and wet bulb (WB) temperature of theair
reduces, whilethelatent heat of theair, and the dew point (DP) temperature of the
arr remainsconstant. Thereisoveral reduction inthe enthapy of theair.

Enthalpy Line

Cooling Coil

SPECIFIChUMIDITY sy

—> ANl —
Airin S ‘ ' i I || é Air Out
—_— | 1l | | | — 1
—_— | oy
sensib.le Cooling Process Pndile! %

During Sensible Cooling Process

Psychrometric propertiesof air Change )
DBT Decreases

WBT Constant

DPT Congtant

Specifichumidity Congtant

Reativehumidity Increases

Partial pressureof water vapour Constant

Enthalpy of moistair Decreases
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SensbleHeating of Air: Theheating of air without changein itsspecific humidity,
iIsknown as sensible hegating. Sensibleheating processisoppositeto sensiblecooling
process. In sensible heating process, thetemperature of air isincreased without
changing itsmoisture content. During this process, the sensible heat, DB and WB
temperatureof theair increaseswhilelatent heet of air, and the DP point temperature
of the air remains constant. Sensible heating of theair isimportant whentheair
conditioner isused as the heat pump to heat the air. In the heat pump, theair is
heated by passing it over the condenser coil or the heating coil that carry high
temperaturerefrigerant. In some cases, the heating of air isalso donein different
industrial and comfort air-conditioning applications, wherelargeair conditioning
systems are used. Like sensible cooling, the sensible heating process is also
represented by astraight horizontd lineon the psychrometric chart. Thelinestarts
fromtheinitial DB temperature of air and endsat thefinal temperature extending
towardstheright (seethefigure). The sensible heating lineisalso the constant DP
temperatureline,

Enthalpy Line

—

Heating Coil

=
—> NN z
Airin —p || E
— | &
—_—
Sensible Heating Process 0BT —>
During Sensible Hesting Process
( Psychrometric propertiesof air Change )
DBT Increases
WBT Constant
DPT Constant
Specifichumidity Constant
Reativehumidity Decreases
Partial pressureof water vapour Constant
Enthalpy of moist air Increases
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Humidification of air: Theaddition of moistureto air, without changeinitsdry bulb
temperatureisknown ashumidification . Theequipment used for humidificationis
knownashumidifier.

Methodsof humidification
1. Waterissprayedin highly atomized statein totheroomto beair conditioned
Injecting steam

2
3. Evaporating water
4. Byarwashing

nthalpy Line

SPECIFICHUMIDITY sy

DB T ———

During Humidification Process
( Psychrometric propertiesof air Change )
DBT Congtant
WBT Increases
DPT Increases
Specifichumidity Increases
Reativehumidity Increases
Partial pressureof water vapour Increases
Enthalpy of moist air Increases

De-humidification of air: Theremova of moisurefromair , without changeinitsdry
bulb temperature is known as de-humidification. The equipment used for de-
humidificationisknown asdehumidifier.

The methods used for de-humidification aregiven below
1. Byreducingthetemperaturebelow DPT

2. Byabsorption of moisturefromair

3. Byadsorption of moisturefromair
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SPECIFICRUMIDITY sy

DB T ———_

During Dehumidification Process:
( Psychrometric propertiesof air Change )
DBT constant
WBT decreases
DPT decreases
Specifichumidity decreases
Reativehumidity decreases
Partial pressureof water vapour decreases
| Enthapy of moist air decreases ]
BY PASS FACTOR (BPF):
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The bypassfactor for the processisdefined astheratio of the difference between
themean surfacetemperature of thecoil leaving thear temperatureand thedifference
between the mean surface and theentering air temperature.

&
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The bypassfactor isexpressed asfollows
BPF = (tdb, - tdb,)/(tdb, - tdb,), where
tdb, —Average surfacetemperature
tdb, — Temperatureof theair passesover heating coil
tdb, = Temperatureof theair leaving the coll

Thebypassfactor isafunction of the physica and operating characteristics of cooling
or heatingcail. It representsthat portion of theair by passed when heating or cooling
takes place. The performance of heating or cooling coil ismeasured in terms of
BPF. A coil with low BPF hasabetter performance.

The parameters, which affect the BPF, arelisted bel ow.
1. No. of finsprovided per unit length.
2. No.of rowsinacoil inthedirection of flow.
3. Thevelocity of theflow of theair

Psychrometer: It is also called wet-and-dry-bulb thermometer. It is a type of
hygrometer consisting of two thermometers, one of which hasadry bulb and the
other abulb that iskept moist and ventilated. The sling psychrometer isrotated in
theair for gpproximately oneminuteafter which thereadingsfrom both thermometers
aretaken.This processisrepeated severa times so asto assure that the lowest

possiblewet bulbisrecorded.
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SLING PSYCHROMETER

Summer air conditioning system: Itisthemast important typeof arconditioning,
inwhichtheair iscooled and dehumidified. The schematic arrangement of atypical
summer air conditioning system shown inthefigure. Theoutsideair flowsthrough
the damper, and mixes up with re-circulated air (which is obtained from the
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conditioned space). Themixed air passesthrough afilter to removethedirt,dust and
other impurities. Theair now passesthroughacooling coil. Thecoil hasatemperature
much below therequired dry bulb temperature of the air in the conditioned space.
The cooled air passesthrough aperforated membrane and losesitsmoisturein the
condensed form whichiscollected in asump. After that ,the air ismadeto pass
through aheating coil which heatsuptheair dightly . Thisisdoneto bringtheair to
thedesigned dry bulb temperatureand relative humidity. Now theconditioned air is
supplied to the conditioned space by afan. From the conditioned space, apart of
theused air isexhausted to the atmosphere by the exhaust fansor ventilators. The
remaining part of theused air (known asre-circulated air) isagain conditioned.

The psychrometric processinvolved in summer air conditioning systemiscooling
and dehumidificationand psychrometric chart represented by summer air-conditioning
systemisasfollows.

"_T////|

Dehumidification

Summer Air conditioning System

Winter air conditioning system: Itisthemost important typeof air conditioning,
inwhichtheair isheated and humidified. The schematic arrangement of atypica
winter ar conditioning sysemisasshowninthefigure. Theoutsideair flowsthrough
the damper, and mixes up with re-circulated air (which is obtained from the
conditioned space). Themixed air passesthrough afilter toremovethedirt, dust and
other impurities. Theair now passesthrough aapre-hesat coil. Theoutsideair flows
through thedamper, and mixesup withre-circulated air which isobtained fromthe
conditioned space. After that ,theair ismadeto passthrough areheat coil to bring
theair to thedesigned dry bulb temperature. Now the conditioned air issupplied to
the conditioned space by afan. From the conditioned space, apart of theused air is
exhausted to the atmosphere by theexhaust fans or ventilators. Theremaining part
of theused air (known asre-circulated air) isagain conditioned. The psychrometric
processinvolvedinwinter air conditioning systemisheating and humidification and
the psychrometric chart represented by winter air-conditioning systemisasfollows.

&
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T Heating and humidification

Specifichumidty  ———

humiaification

Heating

'
e

A filter

DET ——

‘Winter acsystem - psychrometric processes
Winter Alr Conditioning System

Year round air conditioning system: Theyear-round ar conditioning system should
have equipment for both the summer and winter air conditioning . The schematic
arrangement of amodern year round air conditioning systemisshowninthefigure.
Theoutsdeair flowsthrough the damper, and mixesupwithre-circulated air (which
isobtai ned from the conditioned space). Themixed air passesthrough afilter to
removethedirt, dust and other impurities. In summer air conditioning, the cooling
coil operatesto cool theair tothe desired va ue. Thedehumidificationisobtained by
operatingthe cooling coil at atemperaturelower than the dew point temperature. In
winter, the cooling coil ismadeinoperative and the heating coil operatesto heet the
ar. Thespray type humidifier isa so made use of inthe dry season to humidify the
ar.

Recirculated air (_
l Ajr conditioned space
Out side air \ 5 T
amper
> e =  Heatin
Cooling & .g
Coil Coil
Fan
Air filter Humidifier

Year Round Air Conditioning System
Practical

1. Studytheuseof adling psychrometer.
2. Findout thevarious properties of air by using apsychrometric chart.
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1. STUDY THE USE OF A SLING PSYCHROMETER AND FIND
OUT VARIOUS PROPERTIES OF AIR BY USING A
PSYCHROMETRIC CHART.

AIM:

Tofindout DBT andWBT of amosphericarandar inanair-conditioned room, Also
cdculatevariouspropertiesof ar using ding psychrometer and psychrometric chart.

TOOLSAND MATERIALSREQUIRED

Sling psychrometer, psychrometric chart, steel rule, clean cloth and container of
water.

PROCEDURE

Inspect both thethermometersof Sling psychrometer.

Dip thewick attached to the wet thermometer in water.
Whirl the dling psychrometer for 30 seconds.
Takethereading of Dry bulb and Wet bulb thermometers.
Repeat the steps and take two or more readings.

The lowest reading of Wet bulb thermometer is taken as WBT and
corresponding reading on Dry bulb thermometer istaken asDBT.

7. Thereadingof DBT and WBT of atmosphericar and air inan air-conditioned
room,i staken by conducting experimentsinoutsdeair andintheair-conditioned
room.

USING PSYCHROMETRIC CHART

1. Locatemeasured DBT and WBT lines.

2. Notetheintersecting point of DBT and WBT lines.

3. Thehorizontd linefromthispoint meetingtheright Y axisgivesspecifichumidity
veue.

4. Thehorizonta linefromthispoint meeting theleft vapour pressurelinegives
partial pressure of water vapour vaue.

5. Therdativehumidity curvethroughthispoint givestheRH vaue.

6. Thehorizonta linesof thispoint meeting the saturation curve point isnoted and
the vertical line of this point meeting the DBT axis gives the Dew Point
Temperature.

7. Drawalineparalel toWBT line. Theintersecting point meeting the entha py
scaelinegivesenthapy vaue.

8. Thespecificvolumelinethroughthispoint givesthe specificvolumevaue.

o gk wbdPRF
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OBSERVATION AND CALCULATIONS
ATMOSPHERICAIR

e N

SL NO DBT WBT

AIRCONDITIONED ROOM
SL NO DBT WBT

2. MEASURING THE VELOCITY OF AIR BY USING A
VELOMETER/MANOMETER

AIM:-

To measuretheveocity of air by using avelometer/manometer.

Toolsand materiasrequired

Vel ometer, cleancloth.

Procedure

Check theair flow in air conditioner name plate detail ( 1ton=400CFM )
Switchontheair conditioner.

Select theswitchin high cool (high speed)

Wait for L minute, till constant speedisattained by theinfan motor.
HoldtheDigitd anemometer infront of thegrill.

Taketheveocity of air directly,

Safety precautions: Takeextracare about the sensor unit (highly sensitive).

o g s~ w D

Assessment

1. Takeapieceof iceand put it in aclosed steel vessel. Observe for afew
minutesand writeyour observations and thereasonsfor the changes.

2. Sitinfront of thetablefanfor fiveminutes. Then placeabasinfilled with cold

water infront of thefan and Sit for another fiveminutes. Writeyour inferences.
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TE Questions:

1. Accordingto purpose, air condition systemsareclassfiedinto...................

Writeshort noteon comfort and industrial air conditioning systems.
Presenceof water vapour intheairiscaled......................

Human comfortabletemperatureis.................

What arethefactorsaffecting human comfort?

Wet bulbtemperatureis

(a) Greater than DBT (b) Equal toDBT

(c) LessthanDBT (d) Lessthanor equa toDBT

7. Thetemperature at which water vapour present in air beginsto condenseis

(SIS S S SN

8. Theamount of water vapour presentin 1 kgof airiscaled...................

9. Theamount of water vapour presentin1M3of airiscaled......................
10. Whatisrdaivehumidity ?

11. Fllintheblanks

i Psychrometric property | Sengbleheating Sengblecooling )
Enthdpy | s | e
Specifichumidity Constant | e,

DBT | i | v
Rdaivehumidity | .o, Increases
(DPT | i | i, )
12. Suggest air conditioning system for thefoll owing places
() Kerda (b) Shimla (c) Ddhi
13. Thetemperatureof aroomisgivenDBT=34 C&WBT=31C. Find?
() Rdativehumidity (b) Specific humidity
(c) Enthalpy (d) Dew point temperature
14. Thecurvedlinesin psychrometricchartare...........cccceeeenee. lines.

15. For saturated air
(a) DBT islessthan WBT
(c) DBT equasWBT

(b) DBT isgreater than WBT
(d) WBT isgreater than DBT

<
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UNIT 3.3
BASIC ELECTRICITY & ELECTRIC MOTORS

The unit deals with basics of electricity.lt also explains different types of
electric motors, working principle, constructional details and
applications.This unit also handles different types of wiring practice.

Learning outcome
Thelearner:

Explain basicsof electricity, working principleand type of single phase and three
phase motors

Electricity isaform of energy that can comein positive and negativeforms, that
occur naturally (asin lightning), or isproduced (asin agenerator).It has ot of
applications such aslighting, communication, heating, transportation, etc.Electric
current istheflow of dectric chargethrough aconductor. FHow of eectriccurrentis
similar tothat of flow of water inapipe. Sl unit of current iSAmpere.

Potential difference

Weknow that water flowsfrom higher level tolower level of itsown. Greater the
differenceintheleve, morewill betheflow of water.

Similarly for theflow of electricity from oneend of the conductor to other end ,the
differenceinelectric pressureisnecessary. Thisiscalled potentid difference. Higher
the potentia difference, higher theflow of eectricity.If thereisno potentia difference
therewill beno current flow. S unit of potentia difference isvolt.

A current that changesitsmagnitudeand direction periodicaly iscaled an dternating
current (AC current), whereas direct current (DC current) is steady and uni-
directiond.

RESISTANCE: Theproperty of aconductor which resists theflow of electric
currentiscalled resistance.

SINGLE PHASE SUPPLY AND THREE PHASE SUPPLY

In electrica engineering, single-phase el ectric power refersto the distribution of
dternating € ectric power, usngasyseminwhich dl thevoltagesof thesupply vary
inunison. Single-phasedigtributionisused whenloadsaremostly lighting and hegting,
with few largedectric motors.

&
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Voltage produced by single phase supply isnot enough to meet al practical loads.
Someloads need three phase power for its operation. A three phase supply can be
generated using three winding. From these winding ,three separate phases are
available having same magnitude and frequency.

Both three-phase and single-phase devices can be powered from a three-phase
supply. A three-phase circuit isacombination of three single-phasecircuits. The
current, voltage, and power relations of balanced three-phaseA C circuitscan be
studied by applying therules applicablefor single-phasecircuits.

Thesnewavesof three-phase voltageare separated by 120 €l ectrica degreebecause
they are generated by three separate sets of armature coilsin an AC generator.
These three sets of coils are mounted 120 electrical degrees apart on the generator’s
armature. The coil ends could all be brought out of the generator to form three
separate single-phase circuits, but they are conventionally interconnected so that
only threeor four wiresare actually brought out of the generator.

Single-phaseAC voltagewith zero power factor hasboth voltageand current sine
wavesin phase, so they crossthezerolinetogether twicein each cycle. Similarly, a
plot of three-phase voltage sinewaves, alsowith zero power factorsasshownin
figure, hasall threevoltage and current waves crossingthezerolinetwiceeach cycle
together. Each of itsthree phases, V1,V 2, and V 3, isseparated by 120 electrical
degrees. Power supplied to each of thethree phases of athree-phasecircuit also
hasas nusoidal waveform, and thetotal three-phase power supplied to abalanced
three-phasecircuit remains constant.

EARTHING: Inéectric supply systems, an earthing system or grounding system
iscircuitry which connectspartsof theeectric circuit with theground, thusdefining
the electric potential of the conductors relative to the Earth’s conductive surface.
Thechoiceof earthing system can affect the saf ety and € ectromagnetic competibility
of the power supply. In particular, it affectsthe magnitude and distribution of short
circuit currents through the system, and the effectsit creates on equipment and
peopleintheproximity of thecircuit. If afault within an electrical deviceconnectsa
live supply conductor to an exposed conductive surface, anyonetouchingit while

vl v2 V3 v

5
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electrically connected tothe earth will completeacircuit back to the earthed supply
conductor and receive an electric shock.

MEASUREMENT OF CURRENT & VOLTAGE

MEASURING OF CURRENT AND VOLTAGE

AMMETER

( ) n
MOTOR

l (ﬁ VOLTMETER

L2

AMMETER . Itisused to measurecurrentinacircuit.

VOLTMETER : Itisusedtomeasurevoltageinacircuit

MULTIMETER : Itisusedtomeasurecurrent, voltage and resistance.

TONGTESTER : Itisused to measure current and voltagein acablewithout
cuttingit.

FARADAYSLAW : In 1831, Michael Faraday, an English physicist gave one of

the most basic laws of electro-magnetism called Faraday’s law of electro-magnetic

induction. Thislaw explainstheworking principleof most of the el ectric motors,

generators, eectrical transformersand inductors. Thislaw showstherelationship

between e ectric circuit and magnetic field. Faraday performed an experiment with

amagnet and coil. During thisexperiment, hefound how emf isinduced inthecail

whenflux linked withit changes.

RELATIONSHIP BETWEEN INDUCED EMF AND FLUX

(Faraday’s Experiment):

: Drrection of Movement
Coil or Loop

—_""

Magnet

Galvanometer
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Inthisexperiment, Faraday takesamagnet and acoil and connectsagal vanometer
across the coil. At start, the magnet is at rest, so there is no deflection in the
galvanometer ie, needleof galvanometer isat the center or zero position. Whenthe
magnet is moved towards the coil, the needle of galvanometer deflectsin one
direction. When the magnet is held stationary at that position, the needle of
galvanometer returnsback to zero position. Now when themagnet ismoved away
fromthecoil, thereissomedeflectionin the needle but in the oppositedirection and
again when the magnet becomes stationary, at that point with respect to coil, the
needl e of the galvanometer returnsback tothezero position. Similarly, if magnetis
held stationary and the coil ismoved avay and towardsthemagnet, the gal vanometer
showsdeflectioninasimilar manner. It isalso seenthat, faster the changeinthe
magneticfield, thegreater will betheinduced emf or voltageinthecoil.

ELECTRIC MOTORS: Inrefrigeration and air-condition, theeectric motorsare
used to drivefans, compressors, and pumps. Electric motorsare everywhere, in
your house, amost every mechanical movement that you see around you i s caused
by an AC or DC electric motor. A motor uses magnetsto create motion. If you
have ever played with magnets you know thelaw of magnets: opposite polesattract
and like polesrepel each other. So if you have two bar magnetswith their ends
marked “north” and “south”, then the north end of one magnet will attract the south
end of theother. Ontheother hand, the north end of one magnet will repel thenorth
end of theother. Insdean € ectric motor, theseattracting and repelling forcescreate
rotationa mation.

PRINCIPLE & CONSTRUCTION OF SINGLE PHASE INDUCTION
MOTOR: Likeany other electrical motor single phaseinduction motor aso has
two main partsnamely rotor and stator.

Sator: Asitsnameindicates, stator isthe stationary part of aninduction motor. A
single phase ac supply isgiven to the stator of asingle phaseinduction motor. The
stator of the single phaseinduction motor haslaminated stamping to reduce eddy
current lossesonitsperiphery. Thedotsare provided onitsstampingto carry stator
or main winding. When the stator winding is given asingle phase ac supply, the
magnetic field is produced and the motor rotates. The single phaseinduction has
two stator windings namely, the mainwinding and the auxiliary winding. Thesetwo
windingsare placed in space quadrature with respect to each other.

Rotor: Therotor istherotating part of aninduction motor. Therotor isconnected
to the mechanical |oad through the shaft. Therotor in the single phaseinduction

motor isof squirrel cagetype.
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The congtruction of therotor of the single phaseinduction motor issimilar tothat of
thesquirrel cagethree phaseinduction motor. Therotor iscylindrical in shapeand
hasdotsdl over itsperiphery. Thedotsare not madeparalldl to each other but abit
skewed as the skewing prevents magnetic locking of stator and rotor teeth and
makestheworking of induction motor smoother and quieter. Thesquirrel cagerotor
consistsof aluminium, brassor copper bars. These a uminium or copper barsare
called rotor conductorsand are placed in the dotsat the periphery of therotor. The
rotor conductorsare permanently shorted by the copper or dluminiumringscalled
theend rings. In order to provide mechanical strength, theserotor conductor are
braced to theend ring and form acomplete closed circuit resembling likeacageand
hence its name “squirrel cage induction motor”. As the bars are permanently shorted
by endrings, therotor el ectrical resstanceisvery smal anditisnot possibleto add
external resistance asthe barsare permanently shorted. Theabsenceof dipringand
brushes make the construction of single phase induction motor very smple and
robust.

Working Principleof Single Phase Induction Motor: When single phase A C supply
isgiven tothe stator winding of the single phase induction motor, the alternating
current startsflowing through the stator or main winding. Thisaternating current
producesan dternating flux called main flux. Themain flux asolinkswith therotor
conductors and hence cut the rotor conductors. According to the Faraday’s law of
el ectromagneti cinduction, emf getsinduced intherotor. Astherotor circuitisonce
closed, the current startsflowingin therotor. Thiscurrent iscaled therotor current.
Thisrotor current producesitsown flux called rotor flux. Sincetheflux producedis
dueto theinduction principle, the motor working onthis principle got itsnameas
induction motor. Now there aretwo fluxes, oneismain flux and the other isrotor
flux. Thesetwo fluxes produce thedesired torquewhichisrequired by the motor to
rotate.
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Thelnduction Motorsareclassifiedinto two groups
1. SinglePhaselnduction Motor

a. Split Phaseinduction Motor

b. Capacitor start & run Induction Motor

c. Permanent split Capacitor Motor
2. ThreePhaselnduction Motor

a. Squirrel Cagelnduction Motor

b. SipRinglInduction Motor

SPLIT PHASE INDUCTION MOTOR:

v Main % < i
¢ winding ‘&eﬂtrlfugcl
\ switch

Starting
winding

{a) Schematic diagram

Split phaseinduction motors havetwo windings, starting and mainwindings. The
starting winding is made of thinner wireand fewer number of turnsthanthemain
winding. At thetime of starting, due to phase difference, high starting torqueis
produced and the motor starts to rotate. When motor reaches 70 to 80 % of its
speed the centrifugal switch disconnects the starting winding from the circuit.
Application: Refrigerator

CAPACITOR START INDUCTION MOTOR

Capacitor [ / Centrifugal Switch
I il

Rotor

Winding

Start Winding
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Capacitor start induction run motorsaresimilar in construction to plit phasemotors.
Themagjor differenceisthe use of acapacitor connected in seriesto the starting
windingsto maximize starting torque. The purpose of the capacitor isto makethe
current enter the winding lead by approximately 90°. The capacitor ismounted
either onthetop or a the side of themotor. A normally closed centrifuga switchis
located between the capacitor and the start winding. This switch openswhen the
motor reaches about 75 percent of its operating speed.

Capacitorsininduction run motors enable them to handle heavier start loads by
strengthening the magnetic field of thestart windings. Theseloads might include
refrigerators, compressors, elevators, and augers. Thesize of the capacitorsusedin
thesetypesof applicationsrangesfrom 1/6 hpto 10 hp . High starting torque designs
also require high starting currentsand high breakdown torques.

Capaecitor start induction run motorstypically ddiver 250 to 350 percent of full load
torqueat thestart. Motorsof thisdesign are used in compressors and other types of
industrid, commercid and farm equipment. Application: Deep freezer

CAPACITOR START CAPACITOR RUN INDUCTION MOTOR

Start Cap |1 Ve Centrifugal Switch
I
Run Cap |
|
Rotor
o]
o (o]
*———
o o o
Input
Main o o
P
ower Winding o
Start Winding

Theworking principleand construction of capacitor start induction motorsand
capacitor start capacitor run induction motors are almost the same. We already
know that the single phaseinduction motor isnot self starting becausethe magnetic
field producedisnot of therotating type. In order to producerotating magneticfield
there must be some phase difference. Herewe use capacitor for thispurpose. A
small va ue capacitor isconnected permanently with runningwindingand highvaue
capacitor isconnected with starting winding .When motor picksupitsrated speed,
starting capacitor isdisconnected from thecircuit with the hel p of astarting switch
and running capacitor remainsinthecircuit.
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Application : These motors have high starting torque hence they are used in
conveyors, grinder, air conditionersetc. They areavailable upto 6 KW.
PERMANENT SPLIT CAPACITOR MOTOR

o

AN
H CAPACITOR

AUN START

¢
%

The permanent-split capacitor motor hasagrestly increased popularity for itsusein
theair conditioning field over the past years. Thistypeof split-phase motor doesnot
disconnect thestart windingsfrom thecircuit whenitisrunning. Thiseliminatesthe
need for acentrifugal switch or starting rel ay to disconnect the start windingsfrom
thecircuit when themotor reachesabout 75% of itsfull speed. Thismotor hasgood
garting torqueand good running torque. Because the capacitor remainsin thecircuit
during operation, it hel ps correct power factor of the motor. The stator winding of
the permanent-split capacitor (PSC) motor isdifferent from the stator windings of
theresistance-gtart induction-run or capacitor-start induction-run motors. The PSC
motor stator winding still containsarun and start winding, but the start winding
generaly hasthe samesizewireand just as many turnsastherunwinding. Therun
winding isplaced lower in the core materia, which hel psincreasetheinductance.
Application: Fan, Pump etc.

THREE PHASE INDUCTION MOTOR: An electric motor is an electro-
mechanica devicewhich convertselectrical energy into mechanica energy. Incase
of thethree phaseA C operation, most widdly used motor isthethree phaseinduction
motor, asthistypeof motor doesnot require any starting device or we can say they
are sdlf-gtarting induction motors.

Thismotor consistsof two major parts:

Sator: Thestator of the three phaseinduction motor is made up of anumber of
dotsto construct athree phasewinding circuit which isconnected to athree phase
AC source. Thethreephasewindingsarearranged in suchamanner inthedotsthat

they producearotating magnetic field after ACisgivento them.
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Rotor: Therotor of thethree phaseinduction motor consstsof acylindrica laminated
corewith pardlel dotsthat can carry conductors. Conductorsare heavy copper or
aluminum bars, whichfit in to each dot and areshort circuited by theendrings. The
dots are not exactly made parallel to the axis of the shaft but are dotted alittle
skewed becausethisarrangement reduces magnetic humming noiseand can avoid
galing of themotor.

WORKING PRINCIPLE: Thegtator of amotor consstsof an overlgppingwinding
offset by an electrical angle of 120°. When the primary winding or the stator is
connected to athree phase AC source, it establishesarotating magnetic field which
rotatesa synchronous speed. Thedifference between the stator (Synchronous speed)
and rotor speedsiscalled dip. Therotation of the magnetic fieldinaninduction
motor hasan advantage that no el ectrical connectionsan needed to be madeto the
rotor.
Thusthethree phaseinduction motor is:

o df-gating.

» |essarmaturereaction and brush sparking because of the absence of com-

mutators and brushesthat may cause sparks.

* robustincongtruction.

» economicd.

* eadertomantan.
SQUIRREL CAGE MOTOR: Inthismotor, squirrel cagerotor isused. The
rotor isassembled from circular silicon steel stamping. Rotor conductor barsare
placed insidetherotor dotswith their ends proj ecting out, so that theend ringsare
welded to them shorting all these conductor bars. The stator has a three phase

winding, either star connected or deltaconnected .Squirrel cage motorsare used,
wherelow startingtorqueisrequired.

SLIP RING INDUCTION MOTOR:

The construction of a stator isthe same for both the squirrel cage and slip ring
induction motor. Themain differencein adip ring induction motor isof therotor
construction and usage. Some changesin stator may be encountered when adlip
ring motor isusedin acascaded system, asthesupply for thedavemotor iscontrolled
by the supply from therotor of the other slip ring motor with external resistance
mounted on its rotor. The slip ring induction motor usually has a “Phase-Wound”
rotor. Thistypeof rotor isprovided with a3-phase, doubl e-layer distributed winding
conssting of coilsusedindternators.
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Therotor coreismade up of steel laminationswhich have s otsto accommodate
formed 3-single phasewindings. Thesewindingsare placed 120 degreesdectricaly
apart. Therotor iswound for as many poles as the number in the stator and is
aways 3-phase, even though the stator iswound for 2-phase. Thesethreewindings
are “starred” internally and the other end of these three windings are brought out
and connected to threeinsulated dlip-rings mounted on therotor shaft itself. The
threeterminal endstouch thesethree dlip rings with the help of carbon brushes
which are held against the rings with the help of a spring assembly. Thesethree
carbon brushesarefurther connected externdly to a3-phase start connected rheodtt.
Thedipringand theexterna rheostat makeit possibleto add externa resistanceto
therotor circuit, enabling them to have ahigher resistanceduring the start and thusa
higher starting torque.

When running under normd conditions, thedip ringsareautometically short-circuited
by meansof ameta collar, whichispushed aong the shaft, thus making thethree
ringstouch each other. Al so, the brushesare automatically lifted from thedip-rings
toavoidfrictiond losses, wear and tear. Under norma running conditions, thewound
rotor actsinthe sameway asthesquirrel cagerotor.

Inthe case of asquirrel cageinduction motor, therotor resistanceisvery low, so
that thecurrentintherotor ishigh, which makesitsstarting torque poor. But adding
external resistance, asin the case of aslip ring induction motor, makestherotor
resistance high an starting, thustherotor current islow and the starting torqueis
maximum. Alsothedip necessary to generate maximum torqueisdirectly proportiona
totherotor resstance. Indip ringmotors, therotor resi stanceisincreased by adding
externd res stance, sothedipisincreased. Sincetherotor resstanceishigh, thedip
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is more, thus it’s possible to achieve “pull-out” torque even at low speeds. As the
motor reachesitsbase speed (full rated speed), after theremova of externd resistance
and under normal running conditions, it behavesinthe sameway asasquirrel cage
induction motor. Thusthesemotorsare best suited for very highinertialoads, which
requireapull-out torque at almost zero speed and acceleration to full speed with
minimum current drawn at avery short time period.

Advantagesof dipringinduction motors:

*  Themain advantage of adlip ring induction motor isthat its speed can be
controlled eesily.

e “Pull-out torque” can be achieved even from zero RPM.

* Ithasahigh starting torquewhen compared to squirrel cageinduction motor.
Approximately 200 - 250% of itsfull-load torque.

* A squirrel cageinduction motor takes 600% to 700% of thefull load current,
but adip ring induction motor takesavery low starting current gpproximately
250% to 350% of thefull load current.

HERMETIC MOTORS: Itisamotor used in hermetically sealed compressors
used in refrigerators, water coolers, split airconditioner etc. A relay is used to
disconnect the starting winding or starting capacitor of hermetic motor.

Specid features:
1. Thesemotorshavespecia cooling provisions.

2. Thewindings of these motors are insulated with such insulations that are
unaffected by oil, gasor moisture.

3. Theaignment of stator, rotor and compressor isvery accurate.
4. Theéectrica terminasof the hermetic motorsare leak-proof.
Types& Application of Hermetic Motors:

~

Her metic motor type Application Type of Compressor
Split phasesingle phase Refrigerator, water | Reciprocating, rotary,
induction motor cooler soroll
Capacitor startinduction Motor| Deep freezer Reciprocating,
rotary, scroll
Capacitor start and Run WindowAC Reciprocating, rotary,
| Induction motor scrall )




BREFRIGERATION & AIRCONDITIONING (RAC)

Practical

1.

STUDY THE CHECKING OF EARTHING

AIM:-  Tostudy thechecking of earthing of electricd circuits.

Toolsand Materialsrequired : Neon Tester, Multimeter, wire pieces.

Purpose of Earthing:

o Sdfety for humean life/building/equipments
» Overvoltageprotection

* \oltagedahilization

* Prevent damagesby dectricity

* Prevent noiseinthecommunication cable

PROCEDURE

o o 0D

Set the multimeter knob to 750V AC and connect thered probeto phaseand
black probeto neutral. Keep the switch in the off position, and thereading
shows zero.

Turn on theswitch and measure thevoltage across Phaseand Neutrd. It reads
235V.

M easure by inserting the black test probeinto earth and red test probeinto
phase. Let the reading be “234”V.

Next, measureby inserting the red probeinto earth and black probeinto neutrd.
Let the reading be “001"V.

If thedifferenceiszero, it meansthe earthing isperfect. As per the standard
norms, the difference between earthing and neutral should not bemorethan 3
V (Upto 3V isan acceptablevalue).

Identifying Single phaseand Three phasedectrica circuits.
Identifying the neutral, phase, and earth linesof an electrical circuit.
Measurethe voltageand currentinacircuit.

Calculate power bill of agiven set of values.
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WIRING PRACTICE

1. Wiringof nofrost double-door refrigerator

AIM:- Tostudy thewiring of nofrost double-door refrigerator.
Tools, Instruments & MaterialsRequired:

Screw driver, Multimeter, Ammeter, Combination plier, Neontester, Termind clips,
Insulation tape....

e ]_;:
Thermostat !_l)-c- N Defrost
Defrost timer $Thermostat
Pl afé F\éf;ter
1< Door switch o
Defrost heater
L -Chmm— F o, |
Noind?
N ©— Evaporator Thermal
> Interior fan motor overload
E light protector
I Compressor
= g Thermo fuse motor,
i =
PTC starter

Procedure:-

Connect the phaselineto thedefrost timer terminal 3 through thethermostat.
Connect timer terminal 4 to the compressor termina C through OLP
Connect thetimer termind 2 tothedefrost hegter through the defrost thermostat.
Connect thetimer termind 1 tothe neutra through theplate heater.

Connect theevaporator fan to thetimer terminal 4.

o g bk~ w DR

Connect thedoor switch and interior light between the phaseand neutra lines
asshowninthediagram.

Connect the neutra lineto the compressor terminal R.

Connect the starting terminal of compressor to the neutra linethrough PTC
relay and starting capacitor.
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9. Linktheneutra linebetweentheterminasSand R through arunning capacitor.
10. Checkthecircuitandfinish thewiring.
2. STUDY THEWORKING OF SINGLE PHASE PREVENTERS.

Inthethree phaseinduction motors, if thereisany fault in the single phase, themotor
will draw more current from the other two phases and will supply lessamount of
load power, and so the efficiency of the system decreases. It isnot economical to
operatetheloadinthiscondition. Soasystemisdesigned cdled snglephasepreventer
whichwill disconnect theload if thereisfault inany of the phases.

Inthissystem, we measureall thethree phasevoltagesand the output isthen given
to the micro controller. The controller enablesit asto observe whether the load
should be connected or not. If not, it will givethedisplay of faulty phaseonthe LCD
so that the maintenance person could easily resolve the problem. To measurethe
current, we can use 230v/6-0-6 current transformer. Thistransformer givesthe
output in theform of voltage depending upon theload.

3. Wiringof onelamp controlled by oneswitch.
4. Wiringof twolampscontrolled by oneswitch.
5. Wiringof twolampscontrolled by two switches.
6. Padld wiring.

7. Serieswiring.

8. Starcasewiring

9. Godownwiring

10. Hospitd wiring

11. Cinemahdl wiring.

12. Tunnd wiring.

13. ldentification of theterminal s of acompressor
14. Direct starting of acompressor.

15. Testing of acapacitor.

16. Wiring of asingledoor refrigerator.

17. Wiring of awater cooler.

18. wiring of adeep freezer.
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ASSESSMENT

Visit the nearest flour mill, and observe the motors and power supply being
used. Compare it with the motor of your household appliances. Prepare a
comparison chart.

TE Questions

1.

w

© © N o a &

Unit of currentis

a) Volt b) Watt c) Ampere d) Teda
Motor isadeviceproducing................. motion.
Therotating component of amotor is................. and the stationery element of
amotoriS.....ccoceeveennnne
Motorsarenot ............... started.

What arethetwo types of athree-phase motors?
What isthefunction of acapacitor inamotor?
Draw the nameplate of amotor.

Whichtypeof motor isusedin refrigerators?
Which type of motor isused in central AC plants?

Thesingleingtrument that isused to measurevoltage, current and res stanceis
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UNIT 3.4
AIRCONDITIONING EQUIPMENTS

The unit deals with the classification and general approach to various air-
conditioning equipments.

Learning outcome:
Thelearner:
Understand working and congtructiond detail sof different airconditi oning eguipments.
Thefollowing aretheimportant air conditioning machinesused now adays:
1. Window air conditioner
2. Splitair conditioner
3. Packageair conditioner
4. Central air conditioning plant— DX system
5. Central air conditioning plant —water chilling system
6. VAV systems
7. V RFsystems

WINDOW AIR CONDITIONER: A window air conditioner unit encloses/
accomodatesacompleteair conditioner in asmall space. Theunitsare made small
enough tofit into astandard window frame.

1

COOL REFRIGERANT HOT REFRIGERANT
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Thistypeof ACisdesgnedtofitinto thewindow sills. A singleunit of Window Air
Conditioner housesal the necessary components, namely the compressor, condenser,
expansionvalveor cail, evgporator and cooling coil enclosed inasinglebox. Since
thewindow ACisasingleunit, it takeslesseffort toinstal aswell asmaintain.

Advantages
» Singleunitar conditioner
» Lesseffort needed for installation
» Costslesscomparedto other varieties

SPLITAC: Thisisakit of 2 units, oneinternal and the other, external. Theindoor
unitinstalled insidetheroom intakeswarm air and throwsin cold air. The outdoor
unit on the other hand, isinstalled out of the house. It contains the compressor,
coneanser andislinked totheinterna unit viapipesand e ectric cables.

S
OUTDOOR

UNIT REMOTE
CONTROL

SPLIT ATRCONDITIONER

I UNIT
]TrNDooOR

INDOOR URNIT BASE

WATER
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AIR FILTER
EVAPORATOR
EVAPORATOR FAN
WALL
’ SUCTION LINE INSULATION
A= Y |x SUCTION LINE
cop N | LIQUID LINE
AIR OUT & DRAIN PIPE
SERVICE VALVE
x « CHARGING LINE VALVE
SWING MOTOR - ->
IN AIR OUT
FILTER - L Iﬂ'\ FAN MOTOR
-
+HERMETIC COMPRESSOR
1 - UNIT SUPPORT
L=
CONDENSER
SERVICE VALVE

INDOOR UNIT B OUT DOOR UNIT

Advantages
* Internal unittakesup lessspacefor ingdlation
e Usualy moreslentthanwindowACs
»  Affectthehomedecor minimally.
* Canbeinstaledinroomswith nowindows

PACKAGE AC: Thewindow and split air conditionersare usualy used for small
ar conditioning capacitiesup to 5tons. The central air conditioning systemsare
used wherethe cooling loads extend beyond 20 tons. Packaged air conditionersare
used for cooling capacities in between these two extremes. The packaged air
conditionersareavailableinthefixed rated capacitiesof 3, 5, 7, 10 and 15 tons.
These unitsarecommonly used in placeslikerestaurants, tel ephone exchanges,
homes, smdll halls, etc.

Asthenameimplies, inthepackaged air conditioners, al theimportant components
of theair conditionersareenclosedinasinglecasinglikethewindow AC. Thusthe
compressor, cooling cail, air handling unitand theair filter aredl housedinasingle
casing and assembl ed at thefactory | ocation. Depending on thetype of the cooling
system used the packaged air conditionersaredivided into two types. onewith
water cooled condenser and the other with air-cooled condensers. Both these

systemsaredescribed below :
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Packaged Air Conditioners with Water-Cooled Condenser

Inthese packaged air conditions, the condenser is cool ed by water. The condenser
isof shell and tubetype, with refrigerant flowing a ong thetube s de and the cooling
water flowing along the shell side. Thewater hasto be supplied continuously in
these systemsto maintain thefunctioning of theair-conditioning system.

The shell and tube type condenser iscompact in shapeand isenclosed inasingle
casing aongwiththe compressor, expansonvave, andthear handlingunitincluding
thecoolingcoil or theevaporator. Thiswholepackaged air-conditioning unit externaly
lookslikeabox with the control panel located externally.

In the packaged unitswith water-cool ed condenser, the compressor islocated at
the bottom a ong with the condenser (refer thefigure bel ow). Abovethese components
the evaporator or the cooling coil islocated. Theair handling unit comprising the
centrifuga blower andtheair filteris
located above the cooling coil. The el =<
centrifugal blower hasthe capacity to o

handlelargevolumeof air required for = 1) L
cooling anumber of rooms. Fromthe |
top of thepackageair conditioners, a
duct comesout that extendsto various
roomsthat areto be cooled.

Packaged Air Conditioners with Air-Cooled Condensers

Inthispackaged air conditioner, the condenser of therefrigeration systemiscooled
by the atmospheric air. There is an outdoor unit that comprises of important
components|like compressor, condenser and in some cases, theexpansion valve
(refer thefigure below). The outdoor unit can be kept on theterrace or any other
open place, wherethefreeflow of theatmosphericair isavailable. Thefanlocated
ingdethisunit suckstheoutsideair and blowsit over the condenser coil coolingitin
the process. The condenser coil ismadeup of severa turnsof the copper tubing and
isfinned externaly. The packaged A Cswith the air-cooled condensersare more
commonly used than that with water cooled condenserssinceair isfreely available
anditisdifficult to maintain continuousflow of weter.

The cooling unit comprising of theexpansionvalve, evaporator, air handling blower
and thefilter islocated on thefloor or hanged onto the celling. The ductscoming
out from the cooling unit are connected to variousroomsthat areto be cool ed.
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Central Airconditioning Systems

Therearetwo typesof centra air conditioning system: Direct Expansion (DX) type
and Chilled Water type. Thisarticledescribesthe DX centra air conditioning system.

DIRECT EXPANSION (DX) TYPE OF CENTRAL AIR
CONDITIONING PLANT

InDX system, theair used for cooling theroom or spaceisdirectly passed over the
cooling coil of therefrigeration plant. Inthecase of chilled water system, refrigeration
system isused first to chill thewater, whichisthen used to chill theair for cooling
rooms or Spaces.

Inthedirect expansion or DX type central airconditioning plant, theair used for
cooling spaceisdirectly chilled by therefrigerant in thecooling cail of theair handling
unit. Sincetheair iscooled directly by therefrigerant, the cooling efficiency of the
DX plantishigher. However, itisnot dwaysfeasibleto carry therefrigerant piping
to largedistances hence, direct expansion or the DX typecentral air conditioning
systemisusually used for cooling small buildingsor roomsasinglefloor.

Therearethree main compartments of the DX type of central conditioning system
(pleaserefer thefig below):

Make upand 1T
quick fi

C.Tower
conneclion E

Drain .

Supply air duct Q_n
\ \ clurn air duct

X Frash air duct
of passage

witn damper

271N
/Si.Dlil'me

R.A.Diffuser

Plant room

Air conditionad room

Liquid line Cond.water
Thermostalic  sirainor pump
exXpansion
valve

Central sir conditioning—0X system

&



Reference Book [ |

The plant room comprises of two important parts of therefrigeration systemthe
compressor and the condenser. The compressor can either be of semi-hermetically
sedled typeor of opentype. The semi-hermetically sealed compressor iscooled by
air, whichisblown by thefan, while the open type compressor iswater-cooled. The
open compressor can be driven directly by motor shaft by the coupling or by belt
viapulley arrangement.

Thecondenser isof shell and tubetype andiscooled by thewater. Therefrigerant
flowsaong the tube side of the condenser and water along the shell side, which
enablesfaster cooling of therefrigerant. Thewater used for cooling the compressor
and the condenser is cool ed in the cooling tower kept at thetop of the plant room,
though it can be kept at other convenient locationsal so.

The Air Handling Unit Room:

Therefrigerant leaving the condenser in the plant room enters the thermostatic
expansionvaveand thentheair handling unit, whichiskept in aseparateroom. The
air handling unitisalargebox type of unit that comprises of an evaporator or the
cooling cail, air filter and thelarge bl ower. After leaving thethermostatic expansion
valve, therefrigerant entersthe cooling coil whereit coolstheair that entersthe
roomtobeair conditioned. Theevaporator intheair handling unit of the DX central
alr conditioning systemisof coil type, covered withfinstoincreasethe heat transfer
efficiency of therefrigerantintothear.

Therearetwo typesof ductsconnected to theair handling unit: for absorbing the hot
return air from the rooms and for sending the chilled air to the roomsto be air
conditioned. Theblower of theair handling unit hel psabsorb thehot returnair that
has absorbed the heat from theroom viatheducts. Thisair isthen passed through
thefiltersand over the cooling coil. Theblower then passesthechilled air through
theductsto theroomsthat areto beair conditioned.

The DX expansion system runs more efficiently at higher loads. Evenin case of
breakdown of the plants, the other plants can be used for cooling purpose. The DX
type of central air conditioner plant isless popular than the chilled water type of
central airconditioning plants.

Air Conditioned Room:

Thisisthespacethat isto be actually cooled. It can bearesidential room, room of
thehotel, part of the office or any other suitableapplication. Theductsfromtheair

&
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handling room are passed to all the roomsthat are to be cooled. The ducts are
connected to thegrillsor diffusersthat supply thechilled air to theroom. Theair
absorbsthe heat and getsheated and i s passed through another set of grillsandinto
thereturn air duct that ends up at theair handling unit room. Thisair isthenre-
circulated by theair handling unit.

Thoughtheefficiency of theDX plantsishigher, theair handling unit and refrigerant
pi ping cannot be kept at avery long distance since there will be ahuge drop of
pressure of therefrigerant al ong theway and therewill al so becooling losses. Further,
for long piping, largeamount of refrigerant isneeded which makesthe system very
expensive and prone to maintenance problemslike theleakage of the refrigerant
and soon.

Duetothesereasons, DX typecentrd air conditioning systemsareused for small air
conditioning systemsof about 5to 15 tonsin small buildingsor the number of rooms
onasnglefloor. If therearelargeair conditioningloads, then multipledirect expansion
systemscan beingtalled. In such cases, it thereislesser heat |oad, oneof the plants
can be shut down and the other canberun at full load. The DX expansion system
runsmoreefficiently a higher loads. Evenin case of abreakdown of the plant, the
other plants can be used for cooling purpose. The DX typecentral air conditioning
plant islesspopular than the chilled water type central airconditioning plant.

CENTRAL AIR CONDITIONING PLANT - CHILLED WATER
PLANT

The chilled water type centra air conditioning plantisinstalledin placeslikelarge
buildings, shoppingmall, airport, hotd, etc, having severd floorsto beair conditioned.
Whileinthedirect expansiontypecentral air conditioning plant, therefrigerantis
directly usedto cool theroomair; inthechilled water plant therefrigerant first chills
thewater, whichinturn chillstheroomair.

Inchilledwater plants, theordinary water or brinesolutionischilledto avery low
temperature of about 6 to 8 degree Celsius by therefrigeration plant. Thischilled
water ispumped to variousfloorsof thebuilding anditsdifferent parts. In each of
these parts, anair handling unit isinstalled, comprising of acooling coil, blower and
theducts. Thechilled water flowsthrough the cooling coil. The blower absorbsthe
return air from theair conditioned roomsthat areto be cooled viaducts. Thisair
passesover thecooling coil and getscooled andinturn passesontotheair conditioned
Space.

&>
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VARIOUS PARTS OF THE CHILLED WATER AIR
CONDITIONING PLANT

All theimportant partsof thechilled water ac plant are shown in the abovefigure
and describedin detail below:

Central Air Conditioning Plant Room:

Theplant room hasall theimportant componentsof the chilled water air conditioning
plant. Theseincludethe compressor, condenser, thermostatic expansion valveand
the evaporator or thechiller. The compressor isof open type and can bedriven by
themotor directly or by thebelt viapulley arrangement connected to themotor. Itis
cooled by water just like automotiveengine.
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The condenser and the evaporator are of shell and tube type. The condenser is
cooled by water, with water flowing aong the shell sideand refrigerant along the
tubesde. Thethermogtatic expansionvaveisoperated automaticaly by the solenoid
vave.

Theevaporator isalso called chiller, becauseit chillswater. If thewater flowsaong
theshdl sdeand refrigerant onthetubeside, itiscalled dry expansiontypechiller.
If thewater flowsaong tubeside and therefrigerant dong the shell side, itiscalled
flooded chiller. Thewater chilled inthe chiller ispumped to various parts of the
building that areto beair conditioned. It enterstheair handling unit, coolstheair in
cooling coil, absorbsthe heat and returns back to the plant roomto get chilled again.
Theamount of water passing into thechiller iscontrolled by theflow switch.

Inthe central air conditioning plant room, all the components (the compressor,
condenser, thermogtatic expansonvave, and thechiller) areassembled inastructurd
stedl framework making acomplete compact refrigeration plant known asthechiller
package. The piping required to connect these partsisalso enclosed in thisunit
making ahighly compact centra air conditioning plant.

Theair handling unitsareinstalled in various parts of thebuilding that areto beair
conditionedin placescaled ar handling unit rooms. Theair handling unitscomprise
of cooling cail, air filter, blower and the supply and return air ducts. Thechilled
water flowsthrough the cooling coil. Theblower absorbsthereturn hot air fromthe
air conditioned space and blowsit over the cooling coil thuscoolingtheair. This
cool air passesover theair filter and ispassed by the supply air ductsinto the space
whichistobeair conditioned. Theair handling unit and the ducts passing through it
areinsulated to reducethelossof cooling effect.

Air Handling Unit Rooms:

Theair handling unitsareinstalled in various parts of thebuilding that areto beair
conditioned, in placescdled air handling unit rooms. Theair handling unitscomprise
of cooling cail, air filter, blower and the supply and return air ducts. The chilled
water flowsthrough the cooling coil. Theblower absorbsthereturn hot air fromthe
air conditioned space and blowsit over the cooling coil thus coolingtheair. This
cooled air passesover theair filter and is passed by the supply air ductsinto the
spacewhichisto beair conditioned. The air handling unit and the ducts passing
throughit areinsulated to reducethelossof cooling effect.

&>
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Air Conditioned Rooms:

Theseareroomsor spacesthat areto be air-conditioned. Thesecan beresidentia
or hotel rooms, halls, shops, offices, completethestre, various parts of theairport
etc. At thetop of theseroomsthe supply and thereturnair ductsarelaid. Thesupply
air ductssupply thecool ar totheroom viaoneset of thediffusers, whilethereturn
air duct absorbsthe hot return air from theroom by another set of thediffusers. The
hot returnair enterstheair handling unit, gets cooled and again enterstheroomvia
supply duct to produce an air conditioning effect.

Cooling Tower:

The cooling tower isused to cool thewater that absorbs heat from the compressor
and the condenser. When water flowsthrough these components somewater gets
evaporated, to make up thisloss, water is aso added to the cooling tower. The
cooling tower isof evaporativetype. Here, thewater iscooled by atmosphericair
and isre-circulated through the compressor and the condenser.

VARIABLE AIR VOLUME SYSTEMS

Variable Air Volume System

AirHandling
Unit

Chiller

VariableAir Volume(VAV) isatypeof heating, ventilating, and/or air-conditioning
(HVAC) system. Unlikecongant air volume (CAV) systems, which supply acongtant
airflow at a variable temperature, VAV systems vary the airflow at a constant
temperature. Theadvantagesof VAV systemsover constant-volumesystemsinclude
more precise temperature control, reduced compressor wear, lower energy
consumption by sysemfans, lessfan noise, and additiond passvedehumidification.
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Thesmplest VAV systemincorporates onesupply duct that, whenin cooling mode,
distributes supply air at aconstant temperature of approximately 55 °F (13 °C).
Becausethe supply air temperatureisconstant, theair flow rate must vary to meet
therisingand falling heat gainsor losseswithin thethermal zone served.

EvenasmpleVVAV system has several advantagesover a CAV system. One has
more precisetemperaturecontrol. To meet aspace coolingload, aCAV unit operates
thefan and compressor at full cgpacity until thetemperature dropsto aspecificlimit,
and then the compressor turns off. Thison/off cycling causesthe temperatureto
fluctuate aboveand bel ow thetemperature set-point. Inasingle-zone VAV unit, the
fan speed varies depending on the actual space temperature and the temperature
set-point, whilethe compressor modul atestherefrigerant flow, to maintain aconstant
supply air temperature. Theresult ismore preci se space temperature control .

Another advantageisenergy savingsand reduced wear. VAV fan control, especidly
with modern electronic variable-speed drives, reduces the energy consumed by
fans, which can beasubstantial part of thetota cooling energy requirementsof a
building. M odulating control of the compressor a so reduceswear and ddliversfurther
energy savings.

Afinal advantageisincreased dehumidification. Because VAV air flow isreduced
under part-load conditions, air isexposed to cooling coilsfor alonger time. More
moi sture condenseson the coils, dehumidifying theair. Thus, athough aconstant-
volumeand asingle-zone VAV unit maintain the sameroom temperature, the VAV
unit provides more pass ve dehumidifi cation and more comfortabl e space conditions.

VARIABLE REFRIGERANT FLOW SYSTEM

Qutdoor Condenser

Unit

| Liquid Pipe

Gas Pipe I

Multi-Flex Pipe

e

Evaporators -

Controlling
Manifold

.. Possible
—  Future
4 Extension

Multi-Flex
Pipe

™
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Fault Cause Remedy

Excess frost Any of these component | Check for the continuity as per the

formationinthe may be defective: specification of various

freezer Bimetal, Thermal fuse, |components, if not replaceit.

compartment Defrost heater

Condensation on Air leakage Check for the air leakage, if any in

the inner cabinet of caseof air leakage kindly clear it

refrigerator for proper insulation

No proper cooling | There may be gas Tracethejoint leakage, repair it and

leakage in the system  |refill with new refrigerant as per

the process

Compressor tripping | Condenser fan motor | Check for the condenser fan motor,

after some time not working if defective, replaceit

Refrigerator unit Too low voltage Check the voltage by voltmeter. It

humming and stops should beless or more than 10% of
the standard voltage. If not, use a
stabilizer

Refrigerator unit Relay defective Start therefrigerating unit directly

humming and it without relay, if it runsproperly

stops replace the relay

Refrigerator h Disassemble the thermostat from the

running Vs et unit and check it usngice cubemethod,

| continuously if thermogtat isfaulty, replaceit.

Variable refrigerant flow (VRF) is an HVAC technology invented

in Jgpan by Dakin companyin1982. Like ductlessminisplits, VRFsuse refrigerant as
the cooling and heating medium. Thisrefrigerant isconditioned by asingle outdoor
condensing unit, andiscirculated withinthebuildingtomultiple fan-coil units(FCUS).

VRFsaretypicaly installed withan Air conditioner inverter whichaddsa DC
inverter to the compressor in order to support variable motor speed and thus
variable refrigerant flow israther much morethan simply on/off operation. By
operating at varying speeds, VRF unitswork only at the needed rate allowing
Substantial energy savingsat partia-load conditions. Heet recovery VVRF technol ogy
alowsindividua indoor unitsto hest or cool asrequired, whilethe compressor load
benefitsfrom theinterna heat recovery. Energy savingsof up to 55% are predicted
over comparable unitary equipment. Thisaso resultsinthegreater control of the
building’s interior temperature by the building’s occupants.

VRFs comein two system formats, two pipe and three pipe systems. In a heat
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pump 2 pipe system, all the zones must either bein cooling or in heating. Heat
Recovery (HR) systemshavetheability to s multaneoudly hesat certain zoneswhile
cooling others; thisisusualy donethrough athree pipe design, with the exception of
Mitsubishi whichisableto do thiswith a2 pipe system using aBC controller to the
individual indoor evaporator zones. Inthiscase, the heat extracted from thezones
requiring coolingisput to useinthe zonesrequiring heating. Thisismade possible
becausethe heating unit functions asacondenser, providing the sub-cooled liquid
back intothelinethat isbeing used for cooling. Whilethe heat recovery system has
agreater initia cogt, it dlowsfor better zoned thermal control of building and overal
greater efficiencies.
PRACTICAL

1. Lesktestingof refrigeration system.

2. Evacuaion.

3. Gaschaginginarefrigeration system.

4. Troubleshootingof refrigerators.
ASSESSMENT

Collect different cataloguesfrom air conditioner distributersand prepare a
comparison chart showing application,capacity,power consumption and cost.

TE QUESTIONS
1.  Whichof thefollowingACiseasytoingall?
a) SplitAC b) WindowAC  c) PackageAC d) central AC
2. Whichtypeof A/cissuitablefor amini conference hal
a) SplitAC b) WindowAC  c) PackageAC d) central AC
Air conditioning system suitablefor cinemahal is............cco.......
AHUmeans..........c.ccecenee.
For purifyingair, ........cccceeevvenene. isused inAC systems.
Centrd AC plantsareclassifiedintoDX systemand...........cccc...... system.

For a10x10 ft room what isthe approximate capacity requirement of anair
conditioner?

For amulti specidity hospital whichAC systemissuitable?

9. Adnemahdlistobear-conditionedusng DX sysem.Draw thelay-out marking
different components.Show therefrigerant and air flow directions.

10. A computer lab with 15mx8mx3m dimensions of a school is to be air-
conditioned.Suggest asuitableair-conditioning system. Justify your answer.

A refrigerator ischarged with excessrefrigerant. How will youidentify thisfromthe

N o ok~ w

®

working of the system?
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UNIT 3.5
WINDOW AIRCONDITIONER

The unit deals with constructional details, working and trouble shooting of
window airconditioners.

Learning outcome:
Thelearner:
Understand working and troubl e shooting of window airconditioner

Window AC Units

A window air conditioner unit enclosesacompleteair conditionerinasmall space.
Theunitsaremade small enough tofit into astandard window frame. A singleunit
of Window Air Conditioner houses all the necessary components, namely the
compressor, condenser, expangonvaveor coil, evaporator and cooling coil enclosed
inasingle box. If you take the cover off of an unplugged window unit, you’ll find that
itcontains:

e A compressor

* Anexpansonvave

* Ahotcoil (a theoutside)

» Achilledcoil (inside)

e Twofans
e A control unit
1
COOL REFRIGERANT HOT REFRIGERANT
COMPRESSOR
—_— —_—
4 2
o
B = =] e « T—>
cooL e X '& - ' ' —_—- % 8, | WARM
AIR w o | AMBIENT M L3 AMBIENT ==| AR
TO Lfg o AR R AR = 3 S TO
INSIDE | =& e . . e &= | ouTsIDE
Uy S 3  Batmiam £
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i £ EXPANSION -
'\ COLD REFRIGERANT VALVE WARM REFRIGERANT
[
=

CONDENSATION DRAINS TO OUTSIDE
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Thisunit hasadouble shaft fan motor with fansmounted on either side of the motor.
Oneat theevaporator sdeand the other at the condenser side. Theevaporator side
islocated facing theroom for cooling the space and the condenser side outdoor for
heat rejection. Thereisan insulated partition separating the two sideswithin the
samecasing.

Front Panel

Thefront panel istheonethat isseen by the user frominsidetheroomwhereitis
installed and hasauser interface control beit electronically or mechanically. The
older unit isusually of mechanical control typewith rotary knobsto control the
temperature and fan speed of theair conditioner.

The newer units come with electronic control system where the functions are
controlled using remote control and touch pand with digital display.

Thefront panel hasadjustablehorizontal and vertica (somemodels) louverswhere
thedirection of air flow are adjustableto suit the comfort of the users.

Thefreshintakeof air called VENT (ventilation) is provided at the panel in case
user would liketo have acertain amount of fresh air from theoutside.

Components
e Coolingcoil withanairfilter mounted onit. Thecooling coil iswherethe heat

exchange happensbetweentherefrigerantinthesysemand theair intheroom.

e Fanblower isacentrifuga evaporator blower to dischargethe cool air tothe
room.

*  Capillarytube isused asanexpansondevice. It can benoisy during operation
if installed too near the evaporator.

Operation pand isusedto control thetemperature and speed of the blower
fan. A thermodtat i sused to sensethereturn air temperature and another oneto
monitor thetemperature of the coil. Typeof control can be mechanical or of
electronictype.

e Filter drier isusedtoremovethemoisturefromtherefrigerant.

e Drainplan isusedtocontainthewater that condensate an the cooling coil and
isdischarged outdoors by gravity.

e Compressor - usedto compresstherefrigerant.
e Condenser Coil -usedtorgect heat fromtherefrigerant totheoutsideair.
e Propédler Fan -usedinair-cooled condenser to help movetheair molecules

over the surface of the condensing coil.
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«  Fan Motor islocated here. It has adoubl e shaft wheretheindoor blower and
outdoor propeller fan are connected together.

Operation

Theevaporator blower fan will suck theair from theroom to be conditioned through
theair filter and the cooling coil. Air that hasbeen conditioned isthen discharged to
deliver the cool and de-humidified air back to theroom. Thisair mixeswith the
roomair to bring down thetemperature and humidity level of theroom.

Theintroduction of fresh air from outsidethe room is done through the damper
whichisthen mixed withthereturn air from theroom before passing it over theair
filter and the cooling cail. Theair filter whichismounted in front of the evaporator
actsasalfilter to keep the cooling coil cleanto obtain good heat-transfer fromthe
coil. Hence, regular washing and cleaning of theair filter isagood practiceto ensure
efficient operation of theair conditioner.

During the operation, athermostat is mounted on thereturn air of theunit. This
temperature is used to control the on/off of the compressor. Once the room
temperatureisachieved, the compressor cuts off.

Usually, it hasto beoff for at least 3 minutesbefore turning on againto prevent it
from being damaged. For mechanical control type, thereisusualy acautiontoturn
on theunit after the unit has been turned off for at least 3 minutes. For electronic
control, thereisusualy atimer to automatically control the cut-inand cut-out of the

COMpPressor.
WINDOW TYPE AIRCONDITIONER
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RATOR
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Advantages

e Morepopular, thuseasier tofind and economical.

*  Oftenhasrdatively low noiseoutput and high efficiency.

*  Water drainsfromtheunit to the exterior with nointervention.

«  Evensmal unitscan adequately cool 100-300 squarefeet. Larger unitscan
cool rooms up to 650 squarefest.

o If carefully placed, can cool morethan oneroom.
*  Canbeplaced eitherinwindowsor wall holes.

e Singleunitair conditioner.

*  Lesseffort neededfor installation.

e Costslesscomparedto other varieties.

Disadvantages

*  Thewindow whereyouingtal theair conditioner isblocked aslong asthe unit
isthere.

*  Water dripping outs de can end up whereyou do not want it to (pedestrianson
acity street? creating rust on ametal roof?

*  Moreof ahasdeto remove and moveto another room/location.
*  Notal windowssupport air conditioners.

* Ingtallation can get tricky if you do not have exterior support. It isnot unheard
of for window unitstofall out of windowsat inopportunetimes, even during
ingtdlation.

e Thepandsthat comewiththeseunitscanletinalot of hot air, makingtheair
conditioner lessefficient.

«  Eventhebestinstallation can still leaveyour homeor apartment at asecurity
rsk.

e Quitefrankly, theappearance of many window unitsin aliving areaisnot seen
astheultimatein decorating or class.
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(Name of Component

Type

~

Functions

Mechanical parts

Reciprocating, scroll,

Toincreasethe pressureand temperature

Compressor rotary hermetic type of refrigerant and driving force

ez Air cooled- fin & tube (?oqdense the vapour refrigerant to
type liquidform

Evap_orator_ Fin & tubetype - fan |To produce cooling effect

(cooling coil) forced type

Expansionvalve Capillary tube Reduce pressure of refrigent

Fanblower Evaporator |Axial flow type To draw air from the room

Condenser fan Centrifugal fan To force air on the condenser

Capacitor start &

To run the compressor at a huge

Electrical parts capacitor runsingle startingload
Compressor motor . .
phase induction motor
Double shaft motor | Permanent capacitor | To run evaporator blower and
induction motor condenser fan
Todisconn tin itor from
Relay e T s o disconnect starting capacitor fro

connection after taking itsrated speed

Selector switch

On,Off, Low / High
speed switch

For on/off, speed regulation of thefan

Thermostat switch

Hightemperature switch

Temperature control inside theroom

Starting & running
capacitor

Starting capacitor -80-
10 mfd
Running capacitor -30-
36mfd

For producing large starting current

(.

Fresh air damper For getting fresh air in room
Exhaust damper Toexhaustinsideair
Air filter Through away type Toremovedust & and impurities

fromtheair )

Electrical & Mechanical Parts of a Window Air Conditioner
CARE OFWINDOW AIR CONDITIONER

1.

2
3.
4

Cleantheair filter monthly

Check for insect/animal nests
Clean the condenser coilsonce per season
Cleanthewater pan
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5. Inspect cooling coilsfor frost or icebuildup

6. Check theremote control

INSTALLATION OF WINDOW AIR CONDITIONER

Removethe unit from the cabinet and check the shipping damages. Runtheunit and
check the operation. Construct the wooden frame. Fix thewooden frameto the
window or in the wall. Place the case in the frame with a slope for condensate
drainage and drill the holes and fix the case to the frame using screws. Fix the
support brackets to the cabinet and adjust the support brackets. Place arubber
gasket or spongerubber or insulating materia like thermocol e between the caseand
frameto prevent hot air leakage. Placethe AC unit in the cabinet andfill the space
between the unit and cabinet with spongerubber or thermocole. Fix thefront grill on
theunit. Check thelinevoltage. Start the unit and run for afew minutesand check
the current drawn. Check the grill temperature and room temperature after afew
hoursof operation.

PRACTICAL

‘WINDOW TYPE AIRCONDITIONER WIRING

SELECTOR SWITCH
THERMOSTAT
9 1 4
. ™ [ =
3
!
SC
—I oLP
FC
l_ RC
.4 1 L]
]
RELAY
FAN MOTOR COMPRESSOR
L] 5 2. -
INPUT
230V50HZ
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GAS CHARGING OF WINDOW AIR CONDITIONER

LINE-3

SUCTION LINE
- CHARGING LINE

DISCHARGE LINE

Testing of window Airconditioner

Identify the componentsof window airconditioner.

Test theselector switch of a window Airconditioner

Test thefan and blower motor of a window Airconditioner
Cleaning/replacing of air filter of a window Airconditioner.
Cleaning/servicing of evaporator of a window Airconditioner.
Cleaning and servicing of condenser of a window Airconditioner
Wiring of window airconditioner.

Fault finding of dectrical componentsinwindow arconditioner.

© 0O N o g s~ w DN PE

Installation of window airconditioner.

10. Trouble shooting of apreinstalled window airconditioner.
To install and inspect window air conditioner.

1. Unpack thewindow air conditioner carefully.
Usefinished wooden framesto fix outer cover.

Fix wooden frames at required place, tighten the screws.
Fix the outer cover at wooden frame, Fix the screws.

a W N

Fix theouter cover ontherear side
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Check thedantingwith spirit leve

Fix thewindow AC insidetheframe

Fix MCB with suitableamperage.

Fix front panel to thewindow air-conditioner. Tighten the supporting screws.
Fix themain chordinthe MCB.

. Check thelinevoltage, and start the Airconditioner.

Start thefan motor.(Low)

Start the compressor; adjust thethermostat to therequired leve.
Check theair flow at thefront grill

Check thetemperatureat thefront grill

Record thetemperature and voltage.

ASSESSMENT

Take a hand kerchief and hang it at different positions of a working window
airconditioner and observe what happens. Write your findings.

TE QUESTIONS

1.

2
3.
4

What are the advantages and disadvantages of awindow AC?
Thecondenser used iNWINdOWACS.......ccocereiieenene
What isthedegree of inclination required for theingtdlation of awindow AC?

Theairconditioner isworking properly, but not geting adequate cooling. What
arethe possiblereasonsand how will you rectify them?

What isthe power consumption of 1 TR air-conditioner for 24 hours

Anofficecabinisair-conditioned withwindow typeair-conditioner. Thesystem
isworking properly,but not achieving comfort condition.Suggest possible
reasons.
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UNIT 3.6

SPLIT AC (WALL, FLOOR ,
CEILING MOUNTED & TOWER/SLIM LINE)

Solit airconditioner iswidely using now-a-days so employability in thisfield
islimitless. Thisunit detail s different types of split air-conditioner and their
working, installation and trouble shooting.

Learning outcome
Thelearner:
*  Underdgand, explanand dassfy different typesof solit air conditioning machines

*  Explainworking principle, typesand trouble shooting of wall, floor, ceiling
mounted & tower/dimtypesplit airconditioner.

The splitair conditioner comprisesof two parts: the outdoor unit and the indoor
unit. The outdoor unit, fitted outside the room, houses components like the
compressor, condenser and the expansion valve. Theindoor unit comprisesthe
evaporator or cooling coil and the cooling fan. For this unit, you don’t have to make
any dotinthewal of theroom. Further, present day split unitshave aesthetic apped
and do not take up asmuch space asthewindow unit. A split air conditioner can be
used to cool one or two rooms.

PARTSOF SPLIT AIR-CONDITIONER: Wall Mounted Indoor Unit : Itisthe
indoor unit that producesthe cooling effect insdethe room. Theindoor unit of the
gplitar conditionerisabox typehousinginal theimportant partsof thear conditioner
are enclosed. Themost common type of theindoor unit isthewall mounted type
though other typeslike ceiling mounted and floor mounted are al so used.

Thesedaysthe companiesgive utmost importanceto thelooksand aesthetics of the
indoor unit. Inthelast coupleof years, the purpose of theindoor unit has changed
from being a mere cooling effect producing devise to a beautiful
looking cooling devise addingtotheoveral aestheticsof theroom. Thisisone of
thema or reasonsthat the popul arity of the split unitshasincreased tremendoudy in
thelast few years. Let usseethevarious partsenclosed insidetheindoor unit of the
gplitair conditioner

1) Evaporator Coil or the Cooling Coil:

Thecooling coil isacopper coil made of anumber of turnsof thecopper tubing with
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one or more rows depending on the capacity of theair conditioning system. The
coolingcoil iscoveredwithduminum fins, sothat themaximum amount of heat can
betransferred from the coil totheair insidetheroom.

Therefrigerant fromthetubing at avery low temperature and very low pressure
entersthecooling coil. The blower drawsthehot roomair or theatmosphericair
andindoing sotheair passesover the cooling coil which leadsto thecooling of the
air. Thisair isthen blown to the room wherethe cooling effect hasto be produced.
Theair, after producing the cooling effect isagain sucked by the blower andthe
process of cooling theroom continues.

After absorbing the heat fromtheroom air, thetemperature of the refrigerant inside
thecooling coil becomeshigh and it flows back through thereturn copper tubing to
the compressor inside the outdoor unit. The refrigerant tubing supplying
the refrigerant from the outdoor unit to the indoor unit and that supplying
the refrigerant from indoor unit to the outdoor unit are both covered with
insulaion tepe.

2) Air Filter:

Theairfilter isvery important part of theindoor unit. It removesall thedirt particles
fromtheroomair and helpssupply clean air to theroom. Theair filter inthewall
mounted type of the indoor unit is placed just before the cooling coil. When
the blower sucksthehotroomair, itisfirst passed through theair filter and then
though the cooling cail. Thustheclean air at low temperatureissupplied into the
room by the blower.

One of the most popular type of split air conditionersisthewall mounted type of
splitAC. IntheseACstheindoor unit ismounted onthewall insidetheroom or the
office.

3) Cooling Fan or Blower:

Inside the indoor unit thereisaso along blower that suckstheroom air or the
aimosphericair. Itisaninducedtypeof blower andwhileit suckstheroom airit is
passed over the cooling coil and thefilter dueto which thetemperature of theair
reducesand dl thedirt fromitisremoved. The blower sucksthehotanduncleanair
from theroom and suppliescool and clean air back. Theshaft of the blower rotates
insdethebushesand it isconnected to asmal | multiple speed motor, thusthe speed

of the blower can bechanged. When thefan speedischanged withtheremoteitis

thespeed of the blower that changes.
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4) Drain Pipe:

Duetothelow temperature refrigerant insidethe cooling coil, thetemperatureis
very low, usually much bel ow the dew point temperature of theroomair. Whenthe
room air is passed over the cooling coil duethe suction force of the blower, the
temperature of theair becomesvery low and reachesalevel below itsdew point
temperature. Dueto thisthe water vapour present intheair gets condensed and
dew or water drops are formed on the surface of the cooling coil. These water
dropsfd| off thecooling coil and are collected inasmal spaceingdetheindoor unit.
Toremovethewater from this spacethe drain pipeis connected from this space
extending to thesomeexterna place outs detheroomwherewater can be disposed.
Thusthedrain pipe helpsremove dew water collected insdetheindoor unit.

Toremovethewater efficiently theindoor unit hasto betilted by avery smal angle
of about 2 to 3 degrees, so that the water can be collected in the space easily and

drained out. If thisangleisinthe oppositedirection, all thewater will get drained

inside the room. Also, if thetilt angle istoo high, the indoor unit will become
shabby insidetheroom.

5) Louvers or Fins:

Thecool air supplied by the blower ispassed into theroom through louvers. The
louvershelp changing theangleor directioninwhich theair needsto besuppliedinto
theroom as per the requirements. Withlouversone can easily changethedirection
inwhich themaximum amount of the cool air hasto be passed.

Therearetwo typesof louvers. horizontal and vertical. The horizontal louversare
connected to asmall motor and the position can be set by the remote control. One
can set afixed position for the horizontal louvers, sothat chilled airispassedina
particular direction only or onecan keepitin arotation mode, sothat thefreshairis
supplied throughout theroom. Thevertica louversare operated manually and one
can eadly changetheir position asper therequirements. Thehorizontd |ouverscontrol
theflow of air in the upper and lower directionsof theroom, whilevertical louvers
control movement of air intheleft and right directions.

Outdoor Unit

As mentioned earlier the outdoor unit is installed outside the room to be
arr conditioned intheopen space. Intheoutdoor unit lot of heatisgenerated inside
thecompressor andthe condenser, hencethere should be sufficient flow of air around
it. Theoutdoor unitisusually installed at the height above the height of theindoor
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unit inside the room though in many casesthe outdoor isalsoinstalled at alevel
bel ow theindoor unit.

The outdoor unit contains the important parts of the split airconditioner like
compressor, condenser, expansionvalveetc. Let usseethesepartsin detail:

1) Compressor:

The compressor isthe most important part of any air conditioner. It compresses
the refrigerant and increasesits pressure before sendingit tothe condenser. The
size of the compressor varies depending on thedesired air conditioningload. In
most of thedomestic split air conditioners, hermetically sedl ed type of compressor
isused. In such compressors, the motor used for driving the shaft islocated inside
thesealed unit and it isnot visibleexternally. Externa power hasto be supplied to
the compressor, whichisutilized for compressingthe refrigerant and duringthis
process, lot of heat isgenerated inthe compressor, which hasto beremoved by
some means.

2) Condenser:

The condenser usedintheoutdoor unit of split air conditionersisthe coiled copper
tubing with oneor morerowsdepending onthe sizeof theair conditioning unit and
the compressor. Greater the tonnage of the air conditioner and the compressor,
more are the coil turns and rows. The high temperature and high
pressure refrigerant from the compressor comesinthe condenser whereit hasto
give up the heat. Thetubingismade up of copper sincetherate of conduction of
heet ishigh. The condenser isaso coveredwithauminum fins, sothat theheet from
the refrigerant can beremoved at amorefaster rate.

3) Condenser Cooling Fan:

Theheat generated within the compressor hasto be thrown out, € sethe compressor
will get too hot inthelong run and itsmotor coilswill burnleading to complete
breakdown of the compressor and the whole air conditioner. Further,

&>
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the refrigerant withinthe condenser coil hasto becooled, sothat after expansionits
temperature become low enough to produce the cooling effect.
The condenser cooling fanisan ordinary fanwiththreeor four bladesandisdriven
by a motor. The cooling fan is located in front of the compressor and

the condenser coil.As theblades of thefan rotate it absorbsthesurroundingair from
the open space and blows it over the compressor and the condenser with the
auminum fins thuscoolingthem. Thehot air isthrown back to the open spaceand
thecirculation of ar continuesunhindered.

4) Expansion Valve:

Theexpangonvaveisusudly acopper capillary tubing with severa roundsof coails.

In thesplit air conditionersof bigger capacities, thermostatic expansonvaveisused
which is operated electronically automatically. The high pressure and medium
temperature refrigerant leavesthe condenser and enterstheexpansionvalve, where
itstemperature and pressure drops suddenly.

Refrigerant Piping or Tubing

The refrigerant pipingismade up of copper tubing and it connectstheindoor and
theoutdoor unit. The refrigerant at alow temperatureand low pressureleavesthe
expans on vaveand entersthe copper tubing, which isconnected to the evaporator
or the cooling coil at theother end.

The distance between theindoor and the outdoor unit can be short or long depending
onthe distance at which the open spaceisavailablein the homeor office building.
Thelonger the distance, longer isthe refrigerant piping between thetwo. When
the refrigerant flowsfrom theindoor unit to the outdoor unit inthetubingthereis
somelossof the cooling effect on the way, hence the distance between theindoor
and the outdoor unit should be kept as minimum as possible. For the distance upto
15 metersthereisnot much appreciablel oss of the cooling effect, however beyond
that thelossesbecomehigher.

The refrigerant insidethetubingisat very low temperature and length of piping
between and outdoor unit and indoor unitisquitelong. Further, thetubing isexposed
tothe open atmospherewnhichisat very hightemperature. Duetothis, if thetubing
isleft uncovered, al the cooling effect will belost tothe open atmosphereand by
thetimethe refrigerant entersthe cooling coil itstemperaturewill aready betoo
high and the purpose of producing the cooling effect will not beserved. Toavoid
this, the refrigerant tubing connecting theindoor and the outdoor unit iscovered

N
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withthe insulation. This preventsthelossof cooling effect to the atmosphereand
low temperature refrigerant will producethedesired cooling effect ingdetheroom.

After producing thecooling effect ins detheroomintheindoor unit, the refrigerant has
to come back to the outdoor unit for getting compressed and re-circulated. Thereis
another refrigerant tubing that connectstheindoor and the outdoor unit, so that
the refrigerant cantravel from cooling coil back to thecompressor. Thistubingis
dsocoveredwith insulation, sothatthe refrigerant entersthecompressor at minimum
possibletemperatureto increasetherefrigeration efficiency of the air conditioner.
Thusthere aretwo tubing connecting theindoor and the outdoor unit and both are
coveredwiththe insulation tape.

The refrigerant tubingismadeup of copper sinceitisahighly ductileand mallegble
element. Thetubing can easily bemanufactured fromthismaterid and asitisflexible
enough it can be turned into angles and coiled easily. The copper tubing used
for condenser and evaporator facilitates highrate of heat conduction.

TOWER/SLIM-LINE AIRCONDITIONER

These areal so known asfloor-standing air conditioners. Like split ACs, atower
AC st congistsof 2 units- oneinterna and the other external. However, theindoor
unit doesn’t need wall installation. It rather occupies some space on the floor. Tower
air conditionersusualy have ahigh cooling capacity and are suitablefor very large
rooms. Floor Standing air conditioners are equipped with technol ogiesto enable
faster cooling and at the sametime enhancetheinteriorsof your homewith their
elegant look and design. They also save energy and cool your room faster.

Advantages P
—————
» Suitablefor high capacity cooling —

* Ided for largeroomsat homeand offices
» Doesn’t need windows or wall installation
* Idedly suitedfor commercia spaces

Slim-lineair conditioner, a'so known asatower AC or afloor-

sandingAC, isanifty and dender deviceempl oyed to dehumidify

aparticular zoneand remove/provideheat toaparticular area.  ——" "8
Thecoolingisenabled by arefrigeration cycleidentica to other air conditioners.
Akinto splitair conditioners, Slimlineair conditionersboast of two separate units-
theevaporative unit on the exterior and the condensing unit ontheinterior. Boththe

N
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units are seamlessly connected atube. While most househol ds predominantly opt
foraWindow AC or aSplitAC, SimlineAir Conditionersareided for industries,
cal centres, showrooms, offices, restaurantsand other such sprawling and capacious
areas, which do not requireextengve cooling. These havegainedimmense popul arity
primarily becausethey functionin the sameway asawindow unit air conditioner,
without actudly sittingin your window.

Get an extra edge with Slimline ACs

SlimlineAir conditioners proffer ahost of advantages over run-of-the-mill air
conditioners. Some of them are given bel ow:

Slimlineair conditionersdo not requireapermanent ingtal lation that essentialy
savesalot of hassleand ensuresfuss-free, quick installation.

Slimlineair conditionersdo not requireyour premiseto haveany HVAC piping
or plumbingin place. What thiseffectively meansisthat thesear conditioners
areready for useright fromtheword go!

With Slimlineair conditioners, you are ensured atranquil noiselessoperating
function, thanksto theinherent noi se-suppression technol ogy that smartly
eliminatesdl theirksomenoise.

With Slimline air conditioners, you end up thwarting therisk of accidental
leaking and spillage of water.

Slimlineair conditionerscomein loads of vibrant huesand ook really sleek
and stylish. They are, thus, ideal cooling accessoriesfor the most plush of
interiors.

Most of the current modelsof Slimlineair conditionerssport adistinctivechild
lock switch, which allowsthe settingsto belocked, thusmaking it absolutely
child-proof and fail-safe.

Most of the upscale Slimline air conditioner models comewith aduplicate
compressor comprisingauniqueinterna overload protectiondevicethat protects
the compressor from el ectrical and thermal overload.

Slimlineair conditionersare highly energy-efficient and, in addition to offering
impressive cost savings, they remain your best bet in alleviating your carbon
footprint.
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Cooling capacity

Cooling capacity is defined as the air conditioner’s ability to keep the requisite area
cool. Slimlineair conditionerscomein awiderangeof cooling capacities, viz., 1.5-
ton, 2-ton, 3-ton, 4-ton etc. A good practice while choos ng an appropriate capacity
isto measurethe areasizein squarefeet. For an areawith adimension of 12x12
squarefeet (length x breadth), asingleton air conditionersshouldideally fit thebill.
Thisde-facto standard should hel p you customiseyour selection. A mgjority of the
makers’ websites offer detailed assistance to consumers to arrive at the appropriate
tonnageasper individua requirements.

Energy Efficiency and Power Consumption

Aslim line air conditioner’s efficiency is measured using the energy efficiency ratio
(EER). TheEER istheratio of the cooling capacity (in British thermal unitsper hour)
tothe power input (inwatts). A higher EER rating ensures|esser power consumption
and higher energy efficiency, and thisisaboon for the environment too. In fact,
National Appliance Standards mandatorily requireall air conditionersto bear an
energy efficiency ratio (EER) ranging from 8.0-9.8 or greater (depending on the
type and capacity). Energy Star certified air conditionersenjoy even higher EER
ratings.

Noise level

Noiselevel isanother important selection criteriawhen buyingan AC. Almost all
Simlinear conditionersboast of the cutting-edge noi sesuppression technol ogy that
assuresan absol utely noi sel essoperation.

Practical

1. WIRING OF SPLIT AIR-CONDITIONER

AlM:-Tocarry out thewiring of asplitair conditioner.

Toals, Instruments, Materials Required:- Screw driver, Spanner, Combination pier,
Multimeter, clap meter, Neon tester, cotton waste.

Accessories:- Micro controller, Display unit, Voltageregulator, 12 volt DC supply
transformer, Indoor fan motor, outdoor unit relay, freeze protection sensor, room
temperature sensor, Remote control etc. ..

>
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(RETURN AIR SENSOR)

RECHIVER [ DISPLAY

EEEEEE

SWING/LOUVER MOTOR

OUTDOOR UNIT

Procedure

1. Connect theindoor unit and out door unit asshowninthediagram.
2. Connect the phaseand neutra linesto the power supply.

3. Checkthecircuitandfinishthewiring.

*Make surethat the phase and neutral linesare connected properly.
2. TROUBLESHOOTING OF SPLIT AC

Aim:- To study thetrouble shooting methodsof SplitAC

* Fault: Remotenot working

Remote not working/some button not working intheremote

Check remote

Step 1: Switch onthe cameraof mobileor infrared tester.

Step 2: Bringtheremoteinfront of thelens.

Step 3: Pressthe button ontheremote.
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If light blinks on the screen of the mobile — remote is OK
*Fault: Machinenot working
AC hasno display/display not working

»  Check socket & stabilizer output.

*  Check fuse.
*  Check Step down transformer.
»  Check wiring connection.
« If dl theaboveare OK, then replace PCB
*Fault: No Cooling, AC not cooled properly/only hot air comes/No cooling
»  Check socket, stabilizer output & usage.

e Switch ON the AC. Wait till 3 — 4 minutes & observe the compressor
working.

Observation: Compressor not working
Check supply on the outer terminal (Between Phase — Neutral)
If supply comes

»  Check the Capacitor.

*  Check Compressor. (If compressor istrips/hot, then wait for 2 hoursfor
theinterna overload to connect winding again)

If no supply comes
*  Check thewiring.
* Replace power PCB.
*Fault: Water Leakage, Water isleaking fromindoor
» Checkingtalation. (Indoor should not tilt)
» Check iceonthe Evaporator. (Check gas& fan speed)
*  Check thedustinthedrain pan & drain pipe should not get pinched.
*  Check drain pipe should not bedipped in water.
*  Check thewesather condition. (High humidity)

N
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3. Identify thecomponentsof split airconditioner.

4. Testthethermostat of a split airconditioner

5. Testthecapacitor of a split airconditioner

6. Testtheevaporator fan and motor of a split airconditioner

7. Cleaning/replacing of air filter of a split airconditioner.

8. Cleaning/servicing of evaporator coilsof asplit air conditioner.
9. Cleaningand servicing of condenser unit(ODU) of a split airconditioner
10. Faultfinding of eectrica componentsinsplit airconditioner.
11. Qil removd from theevaporator

12. Utrgpmakinginsuctionline.

13. Servicingof theswing motor of thesplit air conditioner
ASSESSMENT

Compare the split AC and Window AC fitted in your lab and find the
differencesin installation, design, safety and appearance. Prepare a note.

TE Questions

1.
2.
3.

o &

What arethetwo unitsof splitAC?
What arethesuitable positionstofit anindoor unit?

What should be the maximum distance between theindoor unit and the out
door unit?

Write step by step procedure toinstall asplit AC.

Split AC motor isdripping after few minutesworking .What arethepossible
reasons?

Isit possibletofit an outdoor unit abovetheindoor unit?

What arethe accessoriesrequired tofit splitAC?

Whileworking, coolingislesswhat arethe possible reasons?

What will bethe power consumption for 1 tonne split AC for 24 hours?
What arethe precautionstakenwhileingtalingasplitAC?
Comparesplitand windowAC.

Nametheimportant componentsof split AC system.

What should bethe size of suction and discharge pipe of window?
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UNIT 3.7
SPLIT AC (DUCT, MULTI/DUAL SPLIT)

The unit deals with ductable and multi-split airconditioners, their
construction,working and their installation details.

Learning outcome
Learn the use of multi/dua and duct type split ac

Ductablesplit air conditioner isdesigned for problem areas. Thisisbecausethe
componentsareinstaled separately. The deek indoor cooling unitisingtaled within
theroomto beair conditioned and the condensing unitislocated out side.ldedlly
suited for offices,conference rooms,apartments,etc, whereever aconventiona air
conditioner cannot befitted or coal efficiently and economicaly.

Air conditioner maintainsthe humidity, temperature, pressure, sound, air velocity
and dust control. If we haveto maintain morethan 2-4 roomsat atimewith oneair

conditioner thenweareusingthistypeof ar conditioner. Inthissystem, oneduct or

line hasto go through all theroomsto helpsflow pure& cool air to theroomsand

another duct or line hasto bring all corrosive air outside the rooms and flow

outwards. Ductableairconditioners arebasically theindoor unitsof acentralized
ar-conditioning system. Theseare called ductable becausethey use ductsto connect

toanair handling unit (AHU) whichislocated on amechanica room adjacent tothe
officearea. Therefrigerant/chilled water coolsand de-humidifiestheairintheAHU.

Thecool aristhen circulated throughout the building through the ductwork.

Al COOLED CONMENSER |MaY
ALSD BE YATER COOLED)

r REF. MPNG

-
-
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Packaged and Ductable Split Units are designed to be the most intelligent and
compact systems, to cater to thetota cooling requirements. Ideally suited for offices,
conferencerooms, gpartments, hotdls, restaurants, shops, basements, high security
areas, bank vaults or wherever aconventiona air conditioner cannot befitted or
cool efficiently and economicaly. Ductable Split System Air conditioner isdesigned
for problem areas. Thisistrue becausethe componentsareingtalled separately. The
deek indoor cooling unitisinstalled within theroomto be air conditioned and the
condensing unit islocated outside. Theexterna dimens onsarekept to aminimum,
enabling thetransportation of the unitseconomical, safeand simple. Flangesare
provided for easy mounting to the ceiling of aroomin ahorizontal position. Pre
drilled duct flanges are provided for supply air openings to minimize duct the
connection work. These unitsare availablein both air-cooled and water-cooled
options.

Cooling Capacity Range: 1.5TRto22TR

All moddsarealso availablein R 407C Refrigerant
MERITS
» Highlyefficent units
» Designedtowork effectively eveninambient temperaturesashigh as50°C
»  Compeatiblewith eco-friendly R410A refrigerant
* Robustandreliable
e Aestheticdly superior
*  Savicefriendlydesign

\
§
\%_
\
§
§
\
\

A condibored Space
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~ Ductwork
1T— = '._% ? .
HVAC . —— B
Equipment |
T 9]
—| NDoorR | -
J | AICUNIT .;
[ outpooRr| ‘ Tempgrature&
AJC UNIT — Humidity Controls
= i

fresh air
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water chiller

Ductwork isabranching network of round or rectangular tubes. It isgenerally
constructed of sheet metd, fiberglassboard, or aflexibleplastic and wirecomposite
material andislocated withinthewalls, floors, and ceilingsof thebuilding.

Ductableairconditioners areof two types:- Air-cooled ductableairconditioners
and F oor-mounted packaged airconditioners.

1. Air-cooled ductableair conditioners are generally located abovethefalse
ceiling of the conditioned area and are connected to the ducting. They are
availablein 3,5, 7.5 and 8.3 tonne capacities. Ideally, theindoor unitsareto
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be placed in the corridors or overhead lofts, where accessibility isn’t a problem
whileserviang.
Advantages :-

 Distribute conditioned air over large area, :
uniformly through ducts. 1 @

*  Prove advantageous for highly mechanized
projectssuch asmanufacturing plants, for example
to maintain optimum temperatures.

*  Maintain high static pressurein the premises.

2. Floor-mounted packaged air-conditioners are
cupboard-shaped and are typically located
adjacent to the conditioned area as small
enclosures. Their capacity variesfrom5t016.5 TR.

Advantages:-

»  Efficiently handlelargetonnageswith lessunitsof power.

*  Easlysaviceabledueto accessibility.

»  Better performancewithlonger ductsaspowerful fansareinstalled.
Disadvantages:-

»  Demand strong project management skillsasit involves complex technol ogy.
* Incur highinstallation cost, for duct work.

*  Requireadditional equipmentssuch asair handlersfor working.

Application:-

They arecommonly usedin commerciad complexes, showrooms, government/private
inditutionsand alsoinindustrial establishments.

DUAL/MULTI-SPLIT A C SYSTEMS

If you want to keep a large floor as well as many rooms comfortable, it is
recommended to use multi-split to build asimple system using one outdoor unit.
Choosefromalargeline-up theair conditioner typesthat match your rooms. Multi
Split Air Conditioning systemswith inverter technology provideagood way to save
gpace, buying cost and dectricity costin smaller offices. Theseair conditionershave
multipleindoor units connected to asingle outdoor unit as shownin the picture
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bel ow. Thetemperature control isavailableat every indoor unit and the outdoor unit
adj uststhe compressor |oad, based on the heat |oad coming from various units.

Advantages:-

Ingtalsacompleteair conditioning system to multi ple zoneinterior spaceswith
no need for ductwork.

Providesindividua control of room temperature settings.

Enables indoor units of different styles and capacities in one system for
customized solutionsuniqueto each residentia setting.

Multipleindoor units can be connected to one outdoor unit.

Easy and flexibleinstallation i s possible by means of long piping connection
andlargeheight differenceingalation.

Abundant indoor unit line-up matched to various customer needs

Compact and low noise outdoor unit design

Practical

1

o~ WD

Study the components of aducted split unit.

Fault finding of componentsin theoutdoor unit.

Fault finding of air supply unit.

Fault finding and replacing of Three-phase contactors.
Troubleshooting of Multi-split AC unit.
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LargeAir Supply Unit (Ductable)

ASSESSMENT
[ Prepare and submit activity log regarding ductable split airconditioner. ]

TE Questions

1. What arethedifferencesbetween asplit airconditioner and ductable split air
conditioner?
What arethe applications of aductablesplit air conditioner?
What arethe ducting materia sused for duct fabrication?
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MODULE-4

APPLICATION OF AIR CONDITIONING &
CONTROLS

Thismoduleisdesigned to get aclear ideaabout applicationsof airconditioningand
coolingload estimation.Cooling |oad estimation isimportant to understand the
capacity requirement of conditioning space. It givesan ideato reducethe heat oad
of conditioning space. Auto mobileindustry requirelot of air conditioningtechnicians
So much moreimportance given toautomobileAC. .Railway air conditioning, clean
room AC, hospital AC, Theatre AC,idea of reefer AC and HVAC are
included.Variousair conditioning controls, Transmission and distribution of air is
detailinginthismodule. Simpleproject work included inthismodulehd psthelearner
to go through fabrication and design aspects of Refrigeration and Air conditioning
sysem.

UNIT 4.1
INVERTER SPLIT AC

Power saving isan important factor in designing. Inverter air conditionersare
more powerful, offer great savings and are better at maintaining temperature.

Learning outcome
Thelearner:

Explain and comparetheworking of aninverter AC and other typesof AC machines
INVERTER TECHNOLOGY

Theinverter technology workslikean accelerator in acar. When the compressor
needs more power, it gives more power. When it needs | ess power, it givesless
power. With thistechnol ogy, the compressor isaways on, but drawslessor more
power depending on thetemperature of theincoming air and thelevel setinthe
thermostat. The speed and power of the compressor isadjusted appropriately. This
technology was devel oped in Japan and is being used there successfully for air
conditionersand refrigerators. Thistechnology iscurrently availableonly insplit air
conditioners.
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Air conditioner compressors are driven by motor, and the motor rotation speed
depends on power supply frequency. Aninverter modul atespower supply frequency
to control motor rotation speed. Inverters stabilize the temperature by adjusting
compressor operation according to theload to eliminate waste and save energy.
Even adopting aninverter to thefan motorsof theindoor and outdoor units provides
more precise control and contributesto energy savings.

What isthe benefit of inverter technol ogy?

Every ar conditioner isdesigned for amaximum pesk load. Soal.5 TR arconditioner
isdesigned for acertain sizeof room and 1 TR for adifferent size. But not all rooms
areof samesize. A regular air conditioner of 1.5 TR capacity will dwaysrun at peak
power requirement when the compressor isrunning. An air conditioner withinverter
technology will run continuoudy but will draw only that much power that isrequired
to keep thetemperature stableat thelevel desired. Soit of automatically adjustsits
capacity based ontherequirement of theroomitiscooling, thusdrawing much less
power and consuming lesser unitsof el ectricity.

Althoughair conditioner with inverter technology adjustsits capacity based onthe
room requirement, itisvery important toinstall aright sized air conditionerina
room. Please make surethat you eval uate theroom and air conditioner capacity
before you make apurchase. K eep watching for this spaceaswe areinthe process
of creating acomparator for e ectricity savingsinvariousair conditioners.

INVERTER AC-ADVANTAGES & DISADVANTAGES

Inverter meansthe compressor uses DC power instead of AC power whichiswhat
issupplied to your house. It usesan internal power converter (inverter) to do so.
Thismakesthe equipment more complicated, and expensive. Troubleshooting can
bedifficult, and partsare expensive.

Sincetheunit uses DC power, the compressor can be modul ated to meet the cooling
demand of the room. AC powered compressors run at one speed and are either
100% on or 100% off. DC compressors can run anywhere from 30% to 100%
.Since you don’t need 100% most of the time, the compressor runs at the speed the
room needsto maintain temperature, and in turn ismuch more efficient.

Energy Efficiency Ratio & Star Rating

Energy efficiency ratio EER) istheratio between the cooling capacity andthe
power input of the airconditioners. For example, if a1l TR (3500 W) AC consumes
1000 watts, then the EER of the airconditioner is 3.5 W/W. ACs with
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high EER consumelesspower. The Energy Efficiency Ratio (EER) of aparticular
cooling deviceistheratio of output cooling energy toinput electrical energy ata
given operating point. EER isgenerdly caculatedusnga9s °Foutsidetemp and an
insde(actudly returnair) tempof 80 °Fand 50% reative humidity. Air conditioner
EER ratings higher than 10 are considered most cost effective. Thehigher theratio,
lesser theunit will cost to operate.

Air conditionersthat have been tested to have Energy Efficiency Ratiosare certified
by theAssociation of Appliance Manufacturers (AHAM). Theseunitswill generally
listtheir EER ratiosintheir product features.

1TR=12000BTU = 3500 W
EER =TRinWatts Power consumed in watts

Meaning of star rating of an Air conditioner

Atthetimeof Initid Purchaseof arconditioner, cusomerswant to know thed ectricd
consumptionof an airconditioner.

Thisgtar rating isprovided for customer awvareness
by BEE Bureau of Energy Efficiency.)

EER standsfor Ener gy Efficiency Ratio.

4
‘

POWER SAVINGS

This sticker is provided by Bureau of Energy
Efficiency (BEE) Department of Energy Saving,
Govt. of India

EER iscaculated by : Cooling Capacity(Watts) /

Power Consumption (Watts)} i T
Example: EER ()
One1.5ton AC have 5275 Weatts cooling capacity a;“;,_—m——
and 1650Wattspower consumption, so EER of unit i
is5275/1650=3.1 EER. g

Asper thebelow table, thisunitis4 star rated. e R e
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Star Rating Band Valid from 01 Jan 2008 to 31 December 2009.

EER (W/W)

Star Rating Maximum Minimum
1Sar 2.50 2.69
2Sar 2.70 2.89
3Sar 2.90 3.09
4 Sar 3.10 2.29
5Sar 3.30

Difference between Inverter Technology AC and BEE 5 star AC:

1.

Inverter technology air conditionersare variable speed/ variabletonnageair
conditionersand thus operationally they are quite different from regular air
conditionersthat have single speed compressorsand singletonnage.

Inverter technology air conditionersadjust their speed/tonnage depending on
heat |oad of aroom, whereasregular air conditionersdo not.

Every room hasadifferent heet |oad, evenif they are of the samesize. The heat
load dependsonvariousfactors. Togiveyou ananalogy, every human being
isdifferent; eventhen thewaist sizesof most trousersavailablein the market
arefixed (leavingthe oneswith eastic). Inverter Technology ACisjust likea
trouser with an el astic wai st that can adjust to thesize. The other benefit isthat
evenif thewai st Sizeincreasesor decreases, thetrouser with dastic will adjust
accordingly. Regular airconditionersareof fixed size.

Now aswe can seethat operationaly inverter technology air conditionersare
quitedifferent fromregular air conditioners, comparing them on efficiency with
regular air conditionersisnot easy. Thusnone of theinverter technology
air conditionershavebeen rated by BEE star rating. Only theregular air
conditionersarerated by BEE star rating.

Theheat load in aroom does not remain constant and it variesfrom seasons,
based on the number of people, variesbetween day and night, variesbased on
climate profilesof your location. To takethe sameana ogy mentioned above,
thewaist sizeincreases or decreaseswith theamount of food oneeats or the
amount of exerciseonedoes. So asatrouser with astic waist canwork well,
an air conditioner withinverter tech canwork well.

Specid featuresof inverter technol ogy compressor motor

Using thelatest advancementsininverter technology, air conditionersarequieter to
run and more economical to operate than conventional AC units. Let’s learn what




BREFRIGERATION & AIRCONDITIONING (RAC)

thisinverter technology isall about and the operating principle of thisnewer air
conditioner.

An air conditioner described as using “inverter technology” or “inverter equipped”
hasthe ability to continuously control itsthermal transfer rate by modifying the
compressor’s speed in response to the demand for cooling. So, the basic operating
principleof aninverter ispretty straight forward asitis comparable tothetechnology
usedin cars, where you need to pressthe accel erator harder to go faster. The same
rule applies here, too!

What Does It Do?

Thefixed speed compressor inastandard air conditioner runsat 100% capacity when
itisgtarted, but aninverter unit tartsat alow level and then progressively enhancesits
capacity, depending on the requirement to heat up theroom or cool it down. Fixed
speed compressors start or stop automatically in order to sustain the desired
temperature, but an inverter unit regul atesthe capacity of the compressor instead.

How Does It Work?

DCinverter air conditionersmake use of avariablefrequency driveto regulatethe
motor’s speed, thereby controlling the speed of compressor too.

Thisvariablefrequency driveindudesarectifier that convertstheincomingAlternating
Current (AC) to Direct Current (DC). It then utilizes PulseWidth M odul ation (PWM)
of theDCintheinverter to generate A C of desired frequency. Thedternating current
Isused to drive aninduction motor or abrushless motor.

Sincethefreguency of the aternating current and the speed of the induction motor
aredirectly proportiona to each other, the compressorsin aninverter window air
conditioner unit operateat various speeds.

Thecurrentambient air temperature isthen sampled by usngamicrocontroller and
then the compressor’s speed is adjusted appropriately.

Insulation

Inthe modern propul sion applications of tractionsdrives, voltage sourceinverter-
fed three phase AC machinesare preferred dueto their flexibility and high dynamic
torque properties. However, the fast switching of theinverter (high dv/dt rates)
causesincreased stressfor the motor windings and leadsto insul ation degradation.
Thus, insul ation condition monitoring is getting more and moreimportant to ensure
religbility. The proposed onlineinsul ation monitoring method isableto detect incipient
insulation defects by evaluation of the motor current’s transient response on voltage
pulsesinjected by inverter switching. Experimenta resultsare presented to prove
the method’s performance in the case of application of voltage source inverters with




Reference Book

very high dv/dt ratesfor, e.g., invertersequipped by semi-conductors.

Practical
1.

Comparison between split ac and inverter split air conditioner

Aim:-To comparenon-inverter AC and Inverter AC

r

Item Non-Inverter Ac Inverter Ac
Timetoreachpre-set |Rdatively longdue Short because of
temperature tofixed capacity increased capacity
Fluctuationsafter reachi Mgor fluctuationsdue | Minor fluctuationsdueto load
ing pre-set temperature | to start/stop operations | adaptable operations
Suddencurrentflow | 5-6timesratedvalue | 1.5timesrated valuedueto
when the compressor gradual increaseat the start
started
Low temperaturerange| Decreasein capacity | Decreasein capacity
during hegting compensated by increased

rotationa speed
Defrogtingtime Relativdylongdueto | Short dueto maximum
capacity fixed capacity operations
&Unit composition Rdativdysmple Extrapartsrequired )
2. Servicing of condenser unit
3. Sevicingof indoor unit
4. Cleaningof arfilter.
5. Tedingof thermogtat.
6. Servicingof dectronic expansion valveof aninverter split air conditioner.

ASSESSMENT

Distribute handouts of 1.5 ton Inverter AC and Split AC with star rating.
Ask to prepare the constructional details and the comparison.

|

TE Questions

What istheworking principleof aninverter air conditioner?
Arrangetheair conditioners on the basis of power consumption (lower to

a) gsplitar conditioner b)inverter air conditioner c)split air conditioner with 3*

d) splitair conditioner with 5* reting

1.
2.
higher)
rating
3.

Namethetype of motor used inaninverter ac.
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UNIT 4.2
HEAT LOAD CALCULATION

The unit details the factors to be considered in heat load cal culations and
the criteria in selecting an air-conditioning system.

Learning outcome
Thelearner:

Explantheimportanceof cooling load and thecomponentscontributing to theheating
load.

HEAT LOAD CALCULATION: Importanceof cooling load calculation. Different
components contributing to thetotal cooling load-hesat |oad dueto structural wall,
infiltration, ventilation, occupantsand power equipment of abuilding. Smpleproblems
Hest |oad estimation using softwares. Psychrometer and Caculation of air properties
using psychrometer and psychrometric chart

COOLING LOAD

Thedesign cooling load (or heat gain) isthe amount of heat energy to beremoved
from a house by the HVAC equipment to maintain the house at indoor design
temperature when worst case outdoor design temperatureis being experienced.
Therearetwo typesof cooling loads:

» sengblecoolingload
e |aentcoolingload

The sensible cooling load refersto the dry bulb temperature of thebuilding and the
latent cooling load refersto thewet bulb temperature of the building. In the summer,
humidity influencesthe sd ection of the HVA C equipment and thelatent |oad aswell
asthe sensibleload must be calcul ated.

Factorsthat influencethe sens ble cooling load
* Glasswindowsor doors
»  Sunlight strikingwindows, skylights, or glassdoorsand heating of theroom
* Exteiorwadls
» Partitions(that separate spaces of different temperatures)

* Cadlingsunder anattic
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* Roofs
* Floorsover an open crawl space
» Airinfiltrationthrough cracksin the building, doors, and windows
* Peopleinthebuilding
»  Equipment and appliances operated in the summer
e Lights
Factorsthat influencethelatent cooling load
Moistureisintroduced into the Structure through:
* People
*  Equipment and gppliances
» Airinfiltrationthrough cracksin the building, doors, and windows

Other latent heat gainistaken care of by the HVA C equipment beforetheair reaches
therooms(systemgain).
COOLING LOAD ESTIMATION

Thetotal heat |oad to beremoved from the spacein order to bring it at thedesired
temperature by theair conditioning and refrigeration equipment isknown as heat
load. Thepurposeof heat load estimationisto determinethesizeof air conditioning
and refrigeration equipment that i srequired to maintaining dedesign condition during
the periods of maximum outside temperatures. The design load isbased on the
insde and outsidedesign conditionsandit istheair conditioning and refrigeration
equipment capacity that produce satisfactory inside conditions.
STEPS FOR CALCULATING COOLING LOAD
SURVEY OFBUILDING

1. DBT and WBT of outsideair -
DBT and WBT of insdeair -
Sizeof building -
Structureof building -

Number of doors, windows, and ventilators -

o 0k 0 DN

Number of personsoccupying the building -
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7. Electrica appliancesusedinbuilding

8. Temperauremaintainedinthebuilding -

9. Ventilationrequiredinthebuilding

10. Purposefor which the building isto beused -
11. Locationswhereplantisto beinstalled -
1. HEATLOAD THROUGHWALLS, WINDOWS, DOORS,ROOFSAND

FLOORS
Heatload=U XA X (T,-T,)

WhereU isOverdl hesat transfer coefficient W/m?2K

AisAreainn?
T,isOutsidetemperature

T,isInsdetemperature

U Va uesof common materias
[ Materials Uvaluein W/mK |
Brick wall 30cm 2.52
Brick wall 20cm 2.82
Roof 20 cm concrete 3
Roof 15 cm concrete 35
Windowswith glass 6
Doors 15
Floors 2

.

J

Heat load throughwalls
Heat |oad through doors

Heat |oad through roofs
Heat |0ad through floors

=Tota areaof wall x U valuex (T, -T))
=Total areaof door x Uvauex (T,-T))
Heat |oad throughwindowsand doors = Total area x U valuex (T, -T, )

=Total areaof wall x U valuex (T, -T, )
=Total areaof wall x U valuex (T, -T, )
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2. HEAT LOAD DUE TO INFILTERATION AND
VENTILATION

Heat enters by means of infiltration that is through the cracks, |eakage around
windows, doorsand through ventilation etc. Ventilation isasource of heat entering
intothebuilding.

Amount of infiltered air=v=(LXWxHXxA)/3600
WhereL — Lengthin meters
W = Widthin meters

H — Height in meters
A — No of air changes per hour

No of air changesval ue of rooms

[ Kind of room No of air changesper hour -A]
Room with nowindows or outside doors 510.75
Roomwith onewall exposed 1
Room withtwowall exposed 15
Roomwith 2/3wall exposed 2
Entrance Hdll 2103
Receptionhdl 2
| Bathrooms 2 ]
Asfromthe psychometric chart notethefollowing
Specificvolumeat point 1 =V,
Enthapy at point 1 =H,
Enthapy at point 2 =H,
Enthalpy at pointA =H,
Specifichumidity at point 1 =w, \
SpedifichumidityatpointA = w,
Massof infilteredar=m  =v/v, /

— =d4-D-ZcT ¥—3

DET—
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Sensbleheat gainduetoinfilteredar =m(H, -H,)
Latent heat gainduetoinfilteredar  =m(H,-H, )
Ventilation required per person

( Application Outsideair in m3¥min/person )
Recommended minimum
Apartment 0.6 0.45
Banking space 0.3 0.23
Hospitd 0.9 0.75
Offices 0.45 0.3
| Thestres 0.23 0.15 )

Volumeof ventilationor outsideair outsideairinm?® x no of persons

Massof infiltered air (m) = vl
Sensibleheat gainduetoventilatedar = m(H, -H,)
Latent heat gainduetoventilatedar = m(H, -H, )

3. HEAT LOAD DUE TO ELECTRICAL LIGHTS AND
EQUIPMENTS

Calculatethetota wattage of =Total wattage/ 1000
Electricd lightsand equipments

'8 HEAT LOAD DUE TO OCCUPANTS

The human body in acool ed space constitutes the cooling load of sensibleheat and
latent heat. The heat load from occupanciesis based on the average number of
people that are expected to be present in the conditioned space. The heat |oad
produced by each person depends upon the activity of the person

Tota sensibleheat gainfromoccupants = Sensible heat per person x no of
persons

Total latent heat gain from occupants = |atent heat per person x no of persons
Total heat |oad =(1+2+3+4)
Capacity of air conditioning plant = (Total heat load/ 3.5) TR
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Practical

1. ldentify thesourcesof heat inabuilding.
2. Cadculation of heat load inagiven room.
COOLING LOAD ESTIMATION

AlIM:- To estimatethe cooling load of agiven building

TOOLS, EQUIPMENTSAND MATERIALSREQUIRED: Sling psychrometer,
50 meter tape, Building plan.

The purpose of heat |oad estimation isto determinethesize of air-conditioning and
refrigeration equipment that i srequired to maintainingde design conditionduring the
periodsof maximum outside temperatures.

Stepsfor caculating cooling load

Survey of building

Heat |oad through walls, windows, doors, roofsand floors.
Hest |oad dueto infiltration and ventilation.

Heat |0ad dueto eectrical lightsand equipments.

o M w DN PE

Heat |oad dueto occupants.

Total heat |oad = Heat |oad through walls, windows, doors, roofsand floors+ Heat
load dueto infiltration and ventilation + Heat load due to electrical lights and
equipments+ Heat |oad dueto occupants.

ASSESSMENT

Enumeratethe pointsfor heat |oad cal cul ation of your computer lab. Find the capacity
of AC systemrequired for your computer |ab.

TE Questions
1.  Whichoneof thefollowing hasthelowest hegt transfer capacity?

a. Brick wall 20 cm bare b. Brick wall 20 cm plaster oneside.

c. Brick wall 40 cm bare d. Brick wall 40 cm plaster oneside.
2. Whichoneof thefollowing liberatesmore heat?

a) person sitting at rest b) person sitting at amatinee show

C) person at light work d) person dancing

3. What do youmean by air change?
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UNIT 4.3
SPECIAL AIR CONDITIOINING APPLICATIONS

[The unit explains different areas of application of air-conditioning. ]

Learning outcome
Thelearner:
Understand varioustypesof air conditioning applications

SPECIAL AIRCONDITIONING APPLICATIONS: Elementary ideas of
automobiles, railways, clean room, hospital and theetreair-conditioning-Elementary
ideaof Reefer AC, HVAC -Troubl e shooting and wiring of automobileac systems

1. AUTOMOBILE AIR CONDITIONING SYSTEMS

Air Conditioning System

— ]t cormpeeand gas - hugh peevase
Cooled comprosscd baguad - hugh pecsaure
o oW Drqund vaguosar - hew prossane

,..‘-""‘" Cold vapour - low prosasre
1. Compressor S. Receiver/Drier
2. Compressor clutch 6. Expansion valve
3, Condenser 7. Evaporator
4. Condenser fan 8. Cabin blower motor

Air Conditioning and Climate Control, both provideways of controllingtheair
temperatureinsideyour vehicleto ddiver passenger and driver comfort. During the
winter months, our vehiclesusethewaste heat from theenginetowarm up the cabin
air. However, during the summer, air conditioning is often needed to reducethe
temperature of thecabinto acomfortablelevd. It dso hdpsto de-humidify and de-
mist thevehicle. Air conditioning just cool sand driestheair, whereas climate control
can provide both hot and cold air, alowing you to choose a specific temperature
(usualy between 15° and 26°). Theuseof air conditioning and climate control units
canincreaseyour fuel consumption by asmuch as20%in carsand vans. Thisis
because they take power from the engine and add to the weight of the vehicle.
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When air conditioning is set to ‘off’, it should use no engine power. When it is turned
on, itwill usethemaximum amount of fuel when set to high, and the minimumwhen
set to low. If you need air conditioning, set it to its ‘low’ setting as soon as you can
after starting your journey. To keep your vehicle cool, park in the shade or use
underground car parks. Hybrid vehicles (A hybrid vehicleusestwo or moredistinct
types of power, such asinterna combustion engine+electric motor) also usetheir
petrol or diesel engineto heat air for passenger comfort; thismeansthesevehicles
usesgnificantly morefuel incold conditions. During hot conditions, hybrid vehicles
canuselessfud (relativeto normal vehicles) astheair conditioning useselectricity
from battery. Remember, air conditioning usesmorefuel the cooler youwishto be.
If you have climate control, set it to 20-22° or higher to reduce the load on air
conditioning and your engine. Also — If you are driving a truck at high speeds for
long periods, using air conditioning can be morefud-efficient thandriving with the
windowsopen. Thisis because theincreased drag caused by open windows uses
morefuel than theair conditioning unit on alarge engine. For coaches and buses,
passenger comfort ispart of the service, encouragedriversto: Useblowersonly to
cool the passenger compartment. Useair conditioning for just afew minutesbefore
boarding. Set climate control to 20-22° and consider ‘locking off’ the setting in
coaches. All automobile a ¢ systems are used with R — 134a (HFC — 134a)

Themain components of an automobileair conditioning System are compressor,
condenser , thermostatic expansion valve ( TEV) and evaporator.

2. RAILWAY AIR CONDITIONING

Fan

Frash
air in Evaporator
I ¥ I - st Cool air into saloon e

Hecirc:Ialed Ir I’I I*I .*l I*T
o S o g

air
] I 1+|
b T air INto saloon —— i ! | —— — 4
f L Fresh
OoO—) A w— -
/ |
Compressor Condenser Fan Electric Heater

Diagram of typical passenger vehicle showing the layout of the air conditioning and heating equipment.

Passengersinarailway travel areadversdy affected by infiltration of air unpleasantly
laden with dust due to open windows. Thisismore so in the case of high speed
passenger carryingtrains. Secondly for atropical country likeIndia, thetemperature
variesfrom 46 degree C during summer to 2 degree C during winter. Airconditioning
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of rallway coachesis, therefore, necessary for the maximum comfort and well being
of passengersinrailway travel. In keeping with modern trend, airconditioning of
coachesfor upper classtravellersand lately evenfor lower classtravellershasbeen
introduced by the Indian Railways.

SPECIAL PROBLEMS FACED IN RAIL AIRCONDITIONING

Ascomparedtothenorma buildings, air conditioning of Railway coaches posesthe
following additiond problems.

*  Reqguirement of very high rdliability standard.
*  Equipment should belightinweight.
*  Equipment should take minimum space.

* Availablepower, generaly at 110V D.C. hasto beutilised. 415V, 50Hz, 3
Ph, industrial power isavailableonly on afew nominated trainslike Rgjdhani
and Shatabdi Express. However, in such cases, theflexibility of attaching and
detaching coachesislost.

*  Duetolargenumber of passengersinsmal space, thespaceleft for ar circulation
islimited.

* IntheRailway coaches, where peoplemoveinand out at all hoursof the day,
sudden changesintemperature, which may causechill or heat areto beavoided.

*  Rapidly changing ambient conditions asthetrain movesfrom onepart of the
country to another.

*  Excessvevibrations.

e  Dusty atmosphere.

*  Vanddismand abuse.

*  Hyingbdlast hitting the equi pment.

o  Sdfety of passengersandtrains.

»  Dirty environment for themaintenance staff.

*  Redrictedtimeavailablefor mantenance. All these problemshaveto be solved,
withinacomparatively small outlay, so that air conditioned travel becomes
morecommon.
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REQUIREMENTS OF RAILWAY COACH AIRCONDITIONING
SYSTEM

*  Supplyingcleanfreshair at acontrolled uniformtemperature.

»  Catering, within the confines of the Railway carriagesto the continuously
changing number of passengers.

*  Providing heating aswell ascooling for atrain that travel sthrough areas of
widdy differing dimateduringitsjourney.

*  Operation of theequipment from the power generated, stored and controlled
onthetrain.

ACEQUIPMENT IN RAILWAY COACHES
Thisconsgtsof thefollowing:

» Evaporator Unit.

* Compressor.

» Condenser Unit.

» Gaugepand.

e ACcontrol pand.

* AirDuct.

* Refrigerant piping & joints.
Evaporator Unit

Theevaporator unit consists of athermostatic expansion valve, aheat exchanger, a
resistance heating unit and centrifuga blower driven by amotor. Thethermostatic
expans on vave controlsthe quantity of high pressureliquid refrigerant and allows
to expand to alower pressure corresponding to theload demand. The expanded
refrigerant passesthrough thedistributor into the heat exchanger consisting of finned
copper tubes. Thereturnair from theair conditioned compartment (75 %) ismixed
with freshair (25%) and thismixtureis drawn/blown through the heat exchanger,
whereheat intheair istransferred to the cool refrigerant causing cooling of theair
and the evaporation of therefrigerant ingdethetubes. Thecooled air isled through
the ducting to the various compartments and diffused by meansof air diffusers.
Filtersareprovidedinthefreshair andreturnair pathto eliminate dust. When the
outside ambient temperatureisvery low, heater is switched on according to the
settings of thethermodtats.
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Compressor

Therefrigerant vapour drawn from the evaporator is compressed by meansof a
multi cylinder reci procating compressor and compressed to apressureranging from
10to 15K g/cm2 according to theload demand. Thework done dueto compressor
raisesthetemperatureof therefrigerant vapour.

Condenser

The condenser servesthefunction of extracting the heat absorbed by therefrigerant
vapour inthe evaporator and the heat absorbed during the compression process.
The condenser consists of aheat exchanger, whichisforced-air-cooled by means
of two or three axial flow impéeller fans. Therefrigerant vapour isliquified when
ambient cool air ispassed through the heat exchanger. Therefrigerant liquid leaving
thecondenser isledinto theliquid receiver from whereit proceedsto the expansion
vaveontheevaporator. Theliquidreceiver isacylindrical container which contains
areserveof therefrigerant liquid. A dehydrator and filter area so provided to ensure
that the refrigerant isfreefrom moistureand dust particles.

*Gauge panel - Gauge panel consists of pressure gauges (HP, LP, and OP) and
pressure cut-outs to protect the compressor against (i) High pressure, (ii) Low
pressureand (in) low oil pressure. 5.7.5 High pressure cut-out. Itisasafety device
against build up of excessive delivery pressures and protects the compressor and
piping system from damage. It isapressure operated switch which switches off the
compressor drivemotor when the pressure exceeds apreset value ( 17.6 Kg/cm?).
The plant cannot berestarted unlessthe cut-out isreset manually.

*Low pressure cut-out

Itisalso apressure operated switch similar to the H.P. cut-out switch, but it shuts
down the compressor if the suction pressure dropsdown below 0.7 Kg/cm?2. It
protectsthe system against unduly low evaporator temperatures and formation of
frost on the evaporator. No manual reset is provided on this and therefore the
compressor startsautomatically if the suction pressurerises abovethe pre-set vaue.

Low oil pressure cut-out - It ensures adequate |ubrication of compressor to avoid
piston seizuredueto lesslubricating oil or failureof oil pump. Thiscut-out isset at
2.5Kg/cm2.5.7.8 AC control panel. The control of theair-conditioning systemis
achieved by meansof ar conditioning control pand. Thedesign of thevariousdements
inthe control pand takesinto account the system safety requirements.
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*The safety requirementsfor the operation of theAC system arelisted asunder:

a.  Theworking of blower fan of theevaporator and the blower fan of the condenser
haveto be ensured beforethe compressor startsfunctioning.

b.  Suitableprotectionto ensureadequate lubrication of compressor to avoid piston
Sezure.

Cc. Theexcessivepressure on thedischarge side of the compressor (High Head
Pressure) should be avoided.

d. Thesuction pressure should not belower than 0.7 Kg/lcm2 to prevent frosting
of theevaporator. ie. The compressor motor hasto be soft started to limit the
suddeninrush of starting current.

f. A auitableinterlock hasto beprovided to ensurethat heater isnot on, whenthe
compressor isworking.

0. Alow voltageprotection for compressor motor to ensurethat voltage doesnot
go below 100 voltsin order to avoid undue drain on battery.

h.  The blower fan has to come ‘ON’ before the heater comes ‘ON’. Over load
protection and short circuit protection for al eectrical circuits. TheAC control
panel incorporatesall the above safety requirements.

*CLEAN ROOM

A cleanroomisacontrolled environment where products are manufactured. Itisa
room inwhich theconcentration of airborne particlesiscontrolledto specified limits.
Eliminating sub-micron airborne contaminationisreally aprocessof control. These
contaminantsare generated by people, process, facilitiesand equipment. They must
be continually removed from theair. Thelevel to which these particlesneed to be
removed depends upon the standards required. A cleanroom isan environment,
typically used in manufacturing, including pharmaceutical productsor scientific
research, withalow leve of environmenta pollutantssuch asdust, airbornemicrobes,
aerosol particles, and chemica vapours.

CLEAN ROOM APPLICATION AREAS

»  Critical areas like operation theatres, post operative rooms ICU’ s etc, in
hospitds

*  Certainpharmaceutical processes|ike manufacture of antibiotics, injectibles
etc

»  Fabrication of microscopicaly small sub assemblies
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»  Electronic industry — manufacture of integrated circuits, electronic devices,
ingruments

»  Spaceresearch, defencelabs, scientific research aretypical examples
CLEAN ROOM CLASSIFICATIONS

Clean rooms are not dust/ particle free, and so are classified according to the
numerica count of particles of specified dimensionsintheunit volumeof air. More
accurately, acleanroom hasacontrolled level of contaminationthat isspecified by
thenumber of particlesper cubic meter at aspecified partidlesize. To give perspective,
theambient air outsideinatypica urban environment contains 35,000,000 particles
per cubic meter inthesizerange 0.51im and larger in diameter, correspondingto an
1SO 9 cleanroom, whilean SO 1 cleanroom alowsno particlesinthat sizerange
and only 12 particles per cubic meter of 0.3 imand smaller.

maximum particles/m* FED STD
Class 5202 | >=0.3 209K
>=0.1 pm um i >=0.5 um >=1 pum >=5 pm equivalent
\ 1SO 1 10 2
| 1502 100 24 10 4
‘ 1SO 3 1,000 237 102 35 8 Class 1
‘ 1SO 4 10,000 2,370 1,020 352 83 Class 10
‘ ISO5 100,000 | 23,700 | 10,200 3,520 832 29 | Class 100
Class
1SO 6 1,000,000 | 237,000 | 102,000 35,200 8,320 293 1,000
Class
1ISO7 352,000 83,200 2,930 10,000
Class
ISO 8 3,520,000 832,000 29,300 100,000
‘ ISO9 35,200,000 | 8,320,000 | 293,000 Room Air

AIR FLOW PATTERN IN A CLEAN ROOM

Laminar ar flow referstothear that flowsinastraight, unimpeded path. Unidirectiond
flow is maintained in clean roomsthrough the use of laminar air flow hoodsthat
direct air jetsdownward in astraight path, aswell asclean room architecture, that
ensures|essenedturbulence. Laminar air flow utilizesHEPA filterstofilter and clean
al ar entering theenvironment. Laminar filtersare often composed of stainlessstedl
or other non-shed materia sto ensurethat theamount of particlesenteringthefacility
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remainslow. Thesefiltersusually composeroughly 80 percent of the celling space.
Clean roomsemploying laminar air flow aretypically referred toasUnidirectiona
Airflow Cleanrooms.

o

d= Tk

- —-

RETURN  RETURN

SUPPLY

IR

l 11 HEPAFILTERS

AIR FILTERATION METHODS

Pre-filters, finefiltersand HEPA filtersare used for filtering the supply air to the
cleanrooms.Thepre-filtersremovebig particlesand fabricsdown tothesizeof 10
to 20microns. Thesecond stageof filteration isby finefilters( Electricfilters) which
arrest particulatesup to threetofivemicronsize. Thefinefiltersare usedto prolong
thelifeof HEPA filterswhich do thefinal filteringto about 0.3 micronsize. Clean
roomsemploy air filtration to limit theparticlesin theenvironment air. Typically, this
isthrough theuse of either ahighly efficient particulateair (HEPA) or ultralow
particulateair (ULPA) filter. Thesefilterscan removeroughly 99.9 percent of al
micro-particlesinroom air by applying either laminar air flow or turbulent air flow
techniquestotheenvironment air.

Air conditioning requirements in hospitals

Proper air conditioningishel pful inthe prevention and trestment of diseases. The
factorsdetermining theneed for air conditioningin hospital fecilitiesare:

(& Theneedtorestrict air movement within and between various departments.

(b) Thespecificrequirementsfor ventilation and filtration to dilute and remove
contaminantsintheform of a rbornemicroorganisms, viruses, odour, hazardous
chemical sand radioactive substances.

(o) Different typesof temperatureand humidity requirementsfor variousaress.
(d) Permitaccuratecontrol of environmental conditions.

() Control of air quality and air movement.
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Indoor Air Quality in Hospitals

Indoor air qudity in hospital sisacomplex multi-faceted issue. Contaminantscome
withdugt, ar and vistorsaswell asoriginaeing dethehospita complex and thresten
thequality of environment. M ost common contaminants are microbesand organic
compounds. Ventil ation andfiltration provides means of combating contaminantsby
diluting their concentration.

Acceptableindoor air qudity can beachieved by following thefundamentd principles:
(@ Contaminant sourcecontral.
(b) Proper ventilation.

(¢) Humidity management.
(d) Adequatefiltration

Thetemperatureand humidity conditionsin ahospital environment caninhibit or
promotethegrowth of bacteriaand activate or deactivate viruses. Ventilation systems
areusedto provideair virtualy free of dust, dirt, odour, chemicalsand radioactive
pollutants.

Contamination can bedispersed into theair of the hospital environment by one of
themany routineactivitiesof normal patient care. Because of thedispersa of bacteria
resulting from such necessary activities, air-handling system should provideair
movement patternsto minimisethe spread of contamination.

Thesenseof therma comfort resultsfrom aninteraction betweentemperature, reaive
humidity, air movement, clothing, activity levelsand individua physiology. The
temperature and rel ative humidity measurementsareindicatorsof therma comfort.
The medical need cares of patients require thermal comfort provided by air
conditioning system.

Operating Room Air Conditioning Requirements

The primary task of the ventilation system in an operating roomisto providean
acceptableindoor climatefor personnel and patients, to remove odour, released
anaesthetic gasesand to reducetherisk of infectioninthe operating area. Thegreetest
amount of bacteriafound in operating roomscomesfromthe surgica teeamandisa
result of their activity during surgery.

During an operation, most members of the surgical team arein thevicinity of the
operating table, creating the undesirabl e situation of concentrating contaminantsin
thishighly sensitive area. Studiesof operating room air distribution systemsand




Reference Book [ |

variousair delivery systemsindicatethat thesearethe most effectivemethodsfor air
movement patternin operation theatresfor limiting the concentration of contaminants
to an acceptablelevd.

Theatre air conditioning
Sameasthat of DX system explainedinModule 3
REEFER REFRIGERATED CONTAINERS

.

Refrigerated and insul ated containersaremainly availableas 20" and 40' containers.
1. Integral Unit (Integral Reefer Container,Integrated Unit)

Thistypeof refrigerated container hasanintegra refrigeration unit for controllingthe
temperatureins dethecontainer. Therefrigeration unitisarranged in such away that
the external dimensionsof the container meet | SO standardsand thusfit into the
container ship cell guides. The presenceof anintegra refrigeration unit entailsaloss
of internal volumeand payl oad.When being transported by ship, integral unitshave
to be connected to the on-board power supply system. The number of refrigerated
containers which may be connected depends on the capacity of the ship’s power
supply system. If the aforesaid capacity istoo low for therefrigerated containersto
be transported, “power packs” may be used, which are equipped with relatively
largediesal generatorsand satisfy 1SO requirementswith regard tothe dimensions
of a20’ container. When at the terminal, the containers are connected to the terminal’s
power supply system. For transport by road andrail, most integral unit refrigeration
unitsare operated by agenerator set (genset). Thismay either beacomponent of
therefrigeration unit or connected to therefrigeration unit.Air flowsthrough the
container from bottom to top. In general, the “warm” air is drawn off from the inside
of thecontainer, cooled intherefrigeration unit and thenblown back into the container
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ascold air.To ensure adequate circul ation of the cold air, thefloor isprovided with
gratings. Palletsform an additional space between the container floor and thecargo,
thusforming asatisfactory air flow channd. In addition, thesidewallsof the container
are “corrugated”, which ensure satisfactory air flow there too. In the upper area of
the container, adequate space (at least 12 cm) must likewise be provided for air
flow. For thispurpose, during the packing of the contai ner adequate free space must
beleft abovethe cargo. The maximumload height ismarked onthesidewalls.To
ensurevertical air flow from bottom to top, packaging must also be appropriately
designed and the cargo must be sensibly stowed. In addition to temperature
regulation, integral unitsal so alow controlled fresh air exchange, for example, for
the removal of metabolic products such as CO, and ethylenein the case of the
trangport of fruits.Intherefrigeration units, boththesupply and return air temperatures
aremeasured and, depending on the operating mode, one of theseva uesisused to
control thecold air. Temperature measurement may be performed in variousways.
The Partlow recorder generally recordsreturn air temperature, sincethis provides
anindication of the state or temperature of the cargo. Dataloggersareincreasingly
used, which detect temperaturedigitally andindicateit onadisplay. Oncetransferred
to aPC, thedatamay then beevaluated. Thetemperaturedisplay isattached to the
outside of therefrigeration unit, so that operation of theunit may be checked at any
time.Digital or analog recorders may aso bepositioned directly inthecargo, so as
to measuretemperaturesing dethe contai ner. Therecorder should beaccommodated
insuchaway that it recordsthetemperaturesat risk pointsin the container (inside
the packaging, top layer at door end).Integra unitsmay be stowed both above and
below deck on aship. Above deck stowage hasthe advantage that the heat from
returnair may bemorereadily diss pated. However, the containersare often exposed
to strong solar radiation,leading to increased refrigeration capacity requirements.
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HVAC (heating, ventilating, and air conditioning; a so heating, ventilation, and air
conditioning) isthetechnology of indoor and vehicular environmental comfort. Its
god isto providetherma comfort and acceptableindoor air quality. HVAC system
design isasub discipline of mechanical engineering, based on the principles of
thermodynamics, fluid mechanics, and hegt trandfer. Refrigerationissometimesadded
to the field’s abbreviation as HVAC&R or HVACR, (heating, ventilating and air-
conditioning & Refrigeration) or ventilating isdropped asin HACR (such asthe
designation of HACR-rated circuit breakers).

HVAC isimportant inthe design of mediumto largeindustrial and office buildings
such asskyscrapers, onboard vessels, and in marineenvironments such asaguariums,
where safe and hedl thy building conditionsare regul ated with respect to temperature
and humidity, usingfreshair from outdoors. Ventilaing or ventilation (theV in HVAC)
is the process of “exchanging” or replacing air in any space to provide high indoor
ar quality whichinvolvestemperature control, oxygen replenishment, and removal
of moisture, odours, smoke, heat, dust, airborne bacteria, and carbon dioxide.
Ventilation removes unpleasant smells and excessivemoisture, introduces outside
air, keepsinterior building air circulating, and prevents stagnation of theinterior air.
Ventilationincludesboth the exchange of air to the outside aswell ascirculation of
arwithinthebuilding. Itisoneof themost important factorsfor maintaining acoeptable
indoor ar quaity inbuildings.

Practical

1. Ildentifyingthecomponentsof an automobileairconditioner

2. Studyof Rallway air conditioning.(Fiedvist)

SERVICING OF AUTOMOBILE AIR CONDITIONER
AlM:-To study and servicethe components of an automobileair conditioner.

Tool, materials and equipments required

Screw driver, combination plier, spannerset, multimeter, clamp meter, cotton
waste...etc...

Procedure

1. TaketheAutomobileAC systemto asafeand convenient place.
2. Cleantheouter surface of AutoAC system by aclean cloth.

3. Openthefront cover carefully.




BREFRIGERATION & AIRCONDITIONING (RAC)

Observethe componentsthoroughly.

o

| dentify the componentsand control sand record their nameswith thelocations,
functionsand specifications.

Observethedetailsof all components.
Find out thefaults of components, if any.
Servicethefaulty componentsor replacethem.

© © N o

Clean all thecomponents.
10. Closethefront cover with care.
ASSESSMENT

Inacar AC, the compressor and evaporator blower are working, but do not
get sufficient cooling. Find the trouble.

TE QUESTIONS
1. TheexpansondeviceusedinanAutomobileACis:
(@ Automaticexpansonvaue  (b) Thermostatic expansion

(c) Capillary tube. (d) Low sidefloat value.
2. In an automobile, to connect and disconnect the drive to the compressor
Isused.
3. Therefrigerant usedinanAutomobileACis:
a) R-134a b) R-22 c) R-500 d) Ammonia

What arethe possiblereasonsfor refrigerant leakageinacar AC?
What arethereasonsfor poor coolinginavehicle?
ThefiltersusedinacleanroomAC arecalled

Inarailway air conditioning system, power isgenerated from

N o g A
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UNIT 4.4

REFRIGERATION AND
AIR CONDITIONING CONTROLS

The unit details about different controls used in refrigeration and air-
conditioning like pressure controlsand oil pressurefailure controls, solenoid
valves, Variable speed drives, Humidity controls, humidistat, and humidity
SeNsors.

Learning outcome
Thelearner:
Study different typesof relays, control componentsand variable speed drives

PRESSURE CONTROLS

Pressure controls can also be used as protective devices. Low-pressure controls
can protect compressorsfrom excessivelow pressuresituationsasthe case of acoil
freeze-up or lost refrigerant charge. Low-pressure control s can a so protect water
chillersfrom freeze-ups. High-pressure control s can protect compressorsand system
componentsfrom dangeroudy high-pressure situati ons by shutting the compressor
off at certain el evated pressures.

High Pressure Cut-Out

High pressure can be caused in arefrigeration plant dueto variousreasons likeover
charge, lossof coolingwater, high ambient temperature, air, or other incompressible
gasesin the system, and obstruction inthe dischargeline of the compressor. For
protecting thecompressor from high pressureand subsequent failure, ahigh pressure
cut out isprovided that takea pressuretapping from thedischargelineand when it
detectsan over pressure, it stops HIGH PRESSURE CUTOUT

thecompressor. TheHPcut-out is x0 n1cn sz0¢
not resettableautomaticaly but has “ )

to be reset manually by the
operator. Thisisbecausethehigh
pressureisaseriousfault and the C
cause must be investigated and
corrected before the plant gets
started again. ozercathcIa

- TEAMINALS
—=1
| | CONTACTS
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Low Pressure Cut-Out
LOW PRESSURE CUTOUT

To protect thecompressor against |ow pressure. o wou s
inthesystemandto avoid theingressof air into

thesystemif avacuumisgeneratedinthelines, ‘ srvions
alow pressure cut-out isprovided. Alsowhen
therefrigerated compartments are cut off by
the solenoids and thereis no return gas, the
low pressure cut-out is activated. When the
solenoid of therefrigerated compartmentsopen,
thereturn gascomesinthrough theinlet of the
compressor and the suction pressurerises, and

then thelow pressure switch cuts off the compressor. Unlikethe high pressure cut
out, thelow pressure cut out i sself-resettabl e and does not need to bereset manualy.

OIL PRESSURE FAILURE CONTROL VALVES

Theoil pressure safety control isaswitch which disconnectsthe compressor motor
if thereis pressure difference between thetwo opposite bellows, oneis connected
to thelow pressure side and the other connected to wherethe oil pressure build
goesbelow therequired oil pressure. Thereare severa typesof oil safety control
devicesthemarket today. Thetwo basic controlsmost familiar witharethemechanicad
differentid control andthe pressure-sensing e ectronic control. Themechanica control
usestubing that senses the suction pressure of the compressor and the outl et oil
pressure of the pump. The electronic control has aspecial pressure sensor that
mounts the outlet of the pump and connects only with an electric cable. In the
mechanical control, thetotal pressurefrom the pump (lessthesuction pressure) is
theactual net oil pressure. Thecontrol requiresamanual reset, onceitistripped. In
the electronic control, the pressure sensor
OIL PRESSURE SAFETY CONTROL  sendsasignd tothecontrol modulewhenever

i the pressuresensedfalsbelow 7from9 psg.

‘z—{? TW Thissigna causesthe control moduleto open

the safety contact points after atime delay.

e S Hmee Thiscontrol asorequires manud reset, once

=8 == . itistripped. In both controls, the opening of

J %T . the safety contactsbreaksthe dectric current
&E“—J inthesystem control circuit.

&
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SOLENOID VALVES SOLINOID VALVE

A solenoid valveisan electromechanicaly
operated valve. Thevalveiscontrolled by
an eectric current through asolenoid: inthe
caseof atwo-port vavetheflow isswitched
onor off; inthe case of athree-port valve,
the outflow is switched between the two
outlet ports. Solenoid valves are the most
frequently used control dementsinfluidics.
Thelr tasksareto shut off, release, dose, distribute or mix fluids. They arefoundin
many application areas. Solenoids offer fast and safe switching, high rdiability, long
servicelife, good medium compatibility of the material sused, low control power
and compact design. Besidesthe plunger-typeactuator whichisused most frequently,
pivoted-armature actuators and rocker actuators are al so used.

VARIABLE SPEED DRIVES

The speed of standard induction motors can be controlled by variation of the
frequency of the voltage applied to themotor. A variable-frequency drive(VFD)
(alsotermed adjustable-frequency drive, variable-speed drive, AC drive, microdrive
or inverter drive) isatype of adjustable-speed drive used in € ectro-mechani cal
drivesysemsto control AC motor speed and torque by varying motor input frequency
and voltage.

Variable speed drives can have anintegrated motor in apackaged configuration.
The “packaged” drive consists of the adjustable speed section and an electric motor.
Theunit may also include ageared reducer. Choicesfor motor input include 115/
120V 60Hz, 208-230/ 240V 60 Hz,460/ 480V 60Hz, 575/600V 60Hz, 50 Hz/
Internationa Power, DC motor, and hydraulic motor. The phasefor variable speed
drives can be single or

X Sine Wave Variable Mechanical
three phase. Special or Power Frequency Power
extreme environments  _ % ‘ Power ., Motor
that variablespeed drives Fva"ab"" J:r.-\.'l,_\._,._,

h - Frequency
can be configured for Controller
include clean room, 1540
cryogenic, explosion- (‘}: : :
proof, radiation hardened, Power Conversion : Power Conversion
Operator
vacuum use, and wash Inkeition

down duty.

&2
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HUMIDITY CONTROLS

Humidity control systemsadd or removewater vapour from theindoor air to stay
within proper humidity ranges.

Humidity control isimportant for three reasons:
1. Itisalarge factor in people’s thermal comfort.

2. Excessmoigtureinabuilding canlead to mould and mildew, causing problems
indoor air quality.

3. Itisalargeenergy user. De-humidification a onecan beaquarter to athird of
cooling energy in humid climates or seasons.

To keep humidity within comfort range, the building’s thermostats should have
humidity sensorsinthem. If they do not, you can Specify separate hygrometer systems
that can control humidifiersand de-humidifiersseparatdly fromtherest of theHVAC
sysem.

Theair ingdeabuilding can bevery different fromtheair outsideit. The enclosed
nature of abuilding can causepollution and alergensto build up insideahome. In
addition, theuseof air conditioning, heaters, stoves, baths, and similar itemscan
dramatically changethe humidity of theair. In order to keep theair insidebuildings
more comfortable, different methods of humidity control weredevel oped. Some of
thesemethodsinclude humidifiers, de-humidifiers, vaporizers, and exhaust fans.

There can be physical consequences of having too little humidity inside ahouse.
Like many natural processes, humidity travels from high concentration to low
concentration. Thus, thelack of humidity inthear canresultintheair sedingmoisture
fromyou, leading to chapped lipsand dry noses. To counteract this, different humidity
control methods areavail ableto add humidity into theair. Some of these humidity
control devicesarehumidifiersand vaporizers.

Thereare severa typesof humidifiersinthe market. Some of them areevaporative,
ultrasonic, impeller, and seam humidifiers. Insomecases, such asimpdler humidifiers,
you may seethemoigturerisingfromthe product intheform of fog. Steam humidifiers
areaso known asvaporizersand add moisturetotheair by boiling water. Medicine
and herbs can a so be added to avaporizer, which can be of immensehelp it there
isasick personinthebuilding.

HUMIDSTAT
A machineor devicewhich automaticaly regul atesthe humidity of theairinaroom

or building.
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An electronic device anal ogousto athermostat but respondsto rel ative humidity,
and not temperature. Humidistats are used in anumber of devicesincluding de-
humidifiers, humidifiers, and microwaveovens. Inhumidifiersand de-humidifiersthe
humidistat isused, where congtant rel ativehumidity conditionsneed tobemaintained
suchasinarefrigerator, greenhouse, or climate controlled warehouse. When adjusting
the controlsin these applicationsthe humidistat would bewithwhat isbeing set. In
microwaves they are used in conjunction with “smart cooking” 1-button features
such asthosefor microwave popcorn. Humidistats employ hygrometers, but are
not thesameashygrometers. A humidistat hasthefunctiondity of aswitch andisnot
just ameasuringinstrument likeahygrometer.

For Heating Ventilating and Air Conditioning (HVAC) of buildings, humidistatsor
humidity sensorsare used to sensetheair related humidity in the controlled space
and thereby turn on and off the HVA C equipment. In fact, thework principal of a
humidigat isvery smple If thereareany varidionsinthereativemoisture, andectrica
resistancewill be caused between the conductor setsthat are mounted on the sensing
element. The quantity of theelectrica resistance can be precisaly predicted by the
dternate meta conductorsaccordingtothereativehumidity. Andtherelay amplifier
will measuretheres stance, sothat it canturnthehumidifier onif thedectrica resstance
showsthehumidity below theoptima leve, or turn off thehumidifier if theided level
isachieved.

HUMIDITY SENSORS

Humidity isthe presence of water inair. The

amount of water vapour inar can affect human

comfort as well as many manufacturing
processesinindustries. The presence of water

vapour also influences various physical, ﬁ
chemical, and biological processes. Humidity |
measurement inindustriesiscritical becauseit .

may affect the businesscost of the product and

the health and safety of the personnel. Hence,

humidity senangisvery important, especialy

inthe control systemsfor industria processesand human comfort.
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HUMIDITY SENSING - CLASSIFICATION &
PRINCIPLES

According to the measurement units, humidity sensorsare of two types. Relative
humidity(RH)sensorsand absol ute humidity(moisture) sensors. Mast humidity sensors
arerelative humidity sensorsand usedifferent sensing principles.

SensingPrinciple

Humi dity measurement can be done using dry and wet bulb hygrometers, dew point
hygrometers, and €l ectronic hygrometers. There hasbeen asurgein thedemand of
electronic hygrometers, often called humidity sensors.

Electronic type hygrometers or humidity sensors can be broadly divided into two
categories. one employscapacitive sensing principle, whiletheother usesresistive

effects.
Polymeric
Humidity Sensors
l Elastic Type \ l Electronic type |
l Resistive Type | l Capacitive Type |

Sensors based on capac1t1ve effect:

Humidity sensorsrelying on thisprincipleconsistsof ahygroscopic didectricmaterid
sandwiched between apair of electrodesformingasmall capacitor. Most capacitive
sensorsuse aplastic or polymer asthedid ectric materia, with atypical dielectric
congtant ranging from 2 to 15. Inthe absence of moisture, thedid ectric constant of
hygroscopic dielectric material and the sensor geometry determinesthe val ue of
capacitance.

At normal room temperature, thedielectric constant of water vapour hasaval ue of
about 80, avalue much larger than the constant of the sensor dielectric material.
Therefore, absorption of water vapour by the sensor resultsin anincreasein sensor
capacitance.

At equilibrium conditions, theamount of moisture present in ahygroscopic meterid
depends on both the ambient temperature and the ambient water vapour pressure.

&
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Thisistrueaso of thehygroscopic did ectric materia used on the sensor.

By definition, rel ative humidity isafunction of both the ambient temperature and
water vapour pressure. Therefore, thereisarelationshi p betweenrel ative humidity,
theamount of moisture present inthe sensor, and sensor capacitance. Thisrdationship
governstheoperation of acapacitive humidity instrument.

Thebasic structure of acapacitivetype humidity sensor isshown bel ow:

Polymenc humicity.sensing fim
Lower eiochoce
Uppex eloCthrode

Auming witerate

Boneo eloctroce

Connection Serminal

Onanaluminasubstrate, lower € ectrodeisformed using gold, platinum or other
material. A polymer layer such as PVA isdeposited on the electrode. Thislayer
sensesthe humidity. Onthetop of thispolymer film, agold|ayer gets deposited
which actsasatop electrode. Thetop el ectrode a so allowswater vapour to pass
throughit, intothe sensing layer. Thevapoursenter or leavethe hygroscopic sensing
layer until the vapour content isin equilibrium with theambient air or gas. Thus
capacitivetypesensor isbasi cally acapacitor with humidity sensitive polymer film
asthediéectric.

Sensors based on Resistive effect:

Resstivetype humidity sensorspick up changesin theres stance va ue of the sensor
element in responseto the changesin thehumidity. Thebasic structure of aresistive
type humidity sensor from TDK isshown below :
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A thick film conductor of preciousmeta slikegold, ruthenium oxideis printed and
ca cinated inthe shape of thecomb to form an e ectrode. Thenapolymericfilmis
applied ontheectrode; thefilm actsasahumidity sensing film duetothe existence
of movableions. A changeinimpedance occurs dueto the changein the number of
movableions.

Practical

1. Study of thermostatic expansion valve

Aim:- Tostudy thecomponentsof aTEV, anditscommon faults, causesand remedies
Tools, Materialsrequired:-

A thermostaticexpansonvave.

A TEV keepsthe evaporator supplied with enough refrigerant to satisfy all load
conditions.

Itisnot atemperature control or suction pressure control, but acontrol to vary the

compressorsrunning time, or humidity control. Checking the superhest isthefirst
stepinasmpleand systematic analysisof TEV performance.

Thefollowing arethetypica vave complaints, causesand remedies.
1. Vadvedoesnot feed enough refrigerant.

Valvefeedstoo muchrefrigerant.

Valvefeedstoo muchrefrigerant at start up only.

Valve doesnot feed properly.

a WD

System huntsor cycles.

Fig: Element positioning of
TEV

Capillary Tube

TD 1 and TUR
Thermostatic Expansion Valves
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2. TESTING AND ADJUSTING OF TEV
AlM:-To study thetesting and adjusting of thermostatic expansionvalve.

Tools, materials and equipments required.

High pressure gauge, Compound gauge, Shutoff valve, Adjustablewrench, Pressure
regulator, Service cylinder, Flare nuts, Tee, Cracked ice, Copper tubes, Orifice,
Thermodtatic expansionvave.

Procedure:-

1. Connecttheinlet of the TEV totherefrigerant cylinder with ahand shutoff
vaveand high pressure gauge.

2. Connect the outlet of the TEV to a pressure regulator to reduce pressure
fluctutions.

3. Insatthefeder bulbintothecrushedice.

Opentherefrigerant cylinder val veand hand shutoff valveand build up apressure
of 70 Ps onthehigh pressure gauge.

5. Adjustthe TEV.ThePressureat the outlet should be equal to the pressure of
therefrigerant to becharged in the system at atemperature of 32 degree super
hest temperature.

Testing of TEV
» Closetheorificeand stop theleakage.

» If thepressureat theoutlet increasesafew pounds, and then either stops
or build up dowly, thevaveisnot leaking.

» Takethethermal bulb fromtheiceand warmit by hand. If the pressureis
increasing rapidly, power element isfunctioning properly.

Testing of abox typerelay/ combinationrelay.

Testingof LMSrelay.

Testing of PTC Relay.

Testing of aVoltagerelay

Testing of Over load protector

Testing of athermostat.

o N o o b~ w
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ASSESSMENT

Giveice, test lamp, and thermostat to students and ask to demonstrate the
cut-out and cut-in temperature.

TE QUESTIONS

1. Thetemperatureof arefrigerated spaceiscontrolled by
2. InaCSR motor, relay isused.

3. Statewhether thestatementisTRUE OR FALSE.

a
b.
Cc
d

e.

The capacity of astarting capacitor ishigher than arunning capacitor.
A selector switchisthe ON-OFF control of an AC system.

. Arelay coil isconnected paraldl to themotor running winding.
. Inawindow A C therefrigerant control isthe capillary tube.

Inawindow A C separate motorsare used for condenser and evaporator.

4. Ahighpressurecut outisfittedin pressuresideof therefrigeration
system.
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UNIT 4.5
TRANSMISSION AND DISTRIBUTION OF AIR

[The unit explainsdifferent types of ducting systems used in air-conditioning. ]

Learning outcome
Thelearner:

Compareand explain variousducts, duct outlets and different duct arrangements.
AIR DISTRIBUTION SYSTEM

SUPPLY AIR

In air conditioning systems the “duct’ is considered a static component of the
instalationthroughwhichair flowswithin the building, connecting al partsof the
system and viaused or exhaust air isdischarged.

Theadvantagesof Air Duct System
*  Centrdizedfiltration
e Humidity control

*  Quiet operation —air handling equipment is centrally located allowing much
smpler acousticdesign

*  Reurnar passngthroughthecentra trestment unit, isre-filtered and humidified,
increesingair qudity

*  Fesharreplenishment fromaexternd intakepoint, located tominimizetheinfluence
of wind turbulenceand avoid contaminationwith discharging exheust air

»  Centralized maintenance and easy installation —filters, humidity systems, mobile
heat exchangersand equipment dl located inthe samearea

e Multi-areacontrol options




BREFRIGERATION & AIRCONDITIONING (RAC)

Classification of ducts

Ductsare classified based on theload on duct dueto air pressure and turbulence.
Theclassification variesfrom application to application, such asfor residences,
commercid systems, indudtria systemsand soon. For example, onesuch dassfication
isgivenbeow:

Low pressure systems: Velocity d” 10 m/s, static pressure d” 5 cm H20
Medium pressure systems: Velocity d” 10 m/s, static pressure d” 15 cm H20
High pressure systems:. Velocity > 10 m/s, static pressure 15<p < 25cmH2o
Highvelocitiesintheductsresultin:

1. Smaller ductsand hence, lessinitia cost and less spacerequirement

2. Higher pressuredrop and hencelarger fan power consumption

3. Increased noise and hence need for noise attenuation. Recommended air
velocitiesdepend mainly on the application and thenoisecriteria

Typical recommended velocitiesare:
Resdences  :3m/sto5m/s
Theatres :4106.5m/s
Restaurants  : 7.5m/sto10m/s

If nothing is specified, then avelocity of 5to 8 m/sisused for main ductsand a
velocity of 4to 6 m/sisused for the branches. Theallowableair velocitiescan beas
high as30 m/sin shipsand aircraftsto reducethe space requirement.

DUCT MATERIALS

Ducting may be categorized according to the materia sof construction and areeither
metallic or non-metdlic. Themgjority of ductsare constructed of metal andingtalled
by tradesmen called sheet metd workers. Infact, sheet metal usein HVAC isgreater
than all the other material s combined together. The steel and auminum used for
ductwork isa “high achiever” in the 21st-century move toward sustainable buildings
because of the high recycling ratesand cleanliness.

Metallic Ducts
1. Gavanized Sted
2. Carbon Stedl (Black Iron)

3. Aluminum
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4. StainlessSted
5. Copper

Non metallic ducts

1. FibreglassReinforced Plastic (FRP)
Polyvinyl Chloride (PVC)
Polyvinyl Sted (PVS)
FlexibleNonmetalic Duct

Concrete

o g bk~ W N

Rigid FibrousGlass
SUPPLY AIR DUCTS

vl 4

SUPPLY DUCT CONFIGURATIONSThe configuration of aduct systemis
often like atree with branches connected to the terminal unitsand afanlocated at
theroot. Inredlity, theductwork formsadoubletreebecausethefanisinthemiddle
of the supply and return/outside air parts of the system. Thetwo most common
supply duct systems are the ‘extended plenum’ system and the ‘radial’ system
because of their versatility, performance, and economy.

SUPPLY DUCT ARRANGEMENT SYSTEM

Theduct sysemscarry theconditioned air fromtheair handling equipment totheair
supply openingsintheroom . Thedifferent duct arrangement systemsof thesupply
air duct systemaregiven below

LOOP PERIMETER /RADIAL PERIMETER SYSTEM
The perimeter system may be of loop type or radia typeasshowninthefigure. The

&
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conditioner isusudly placedinthe basement and i sl ocated near the geometric centre
of dl outlets. The supply outletsare placed closeto the cellinglevel. Theductsrun
through the basement, building, foundation lab, floor and connect with the air
conditioner for supplyingtotheoutlet grills.

EXTENDED PLENUM SYSTEM

Thearrangement of thisduct systemisshowninthefigure. Theadvantage of this
systemisthat grills can belocated at any point asper structural demands. Theair
conditioner unit may belocated intheattic, inthe basement or any other convenient
place. Thissystem can beused either for residential or commercia purposes.

SUPPLY AIR DUCT SYSTEM

—

{A) PLENUM OR RADIAL DUCT SYSTEM

(D) PERIMETER LOOP SYSTEM WITH FEED

EXT =0 PLENUM SYSTEM "
®) b - AND LOOP DUCTS IN CONCRETE SUAIE

(A) Plenum system. (B) Extended plenum system.

(C) Reducing extended plenum system. (D) Perimeter loop system.

RETURN AIR DUCTS

Returnductsareanintegral part of nearly al heating, ventilating and air conditioning
(HVAC) systems. Generally, HVA C systemsuse aforced air processthat blows
heat or air through ductwork. Return ductsareusually located either inahallway or
celling, andtheir purposeisto extract air from theroom and recycleit through the
systemwhereitisfurther conditioned, either by heating or cooling. Themainthing
theduct doesisto pull theair out of aroom. Insummer it will pull out air that iscold,
whereasinwinter it will pull out air that ishot and humid. In most cases, different
ducts will re-circulate warm or cool air to bring the building to the optimum

temperature.
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FRESH AIR DUCTS

Addingfresh air to ahesting or cooling system accomplishestwo primary indoor air
quality goals: It pressurizesabuilding, and increasesindoor air quality by diluting
polluted or staleindoor air. Adding afresh air inlet to most systemsistypicaly a
simpleand relatively inexpensive proposition. Freshair ductsare used for carrying
freshair tomix withthere-circulated air.

PRESSURELOSSES IN DUCTS

Theschematic diagram of anair conditioning sysemisshowninthefigure. Theflow
of ar withintheduct systemisproduced dueto the pressuredifferencesin different
locations. The greater the pressure difference, thefaster will betheair flow. The
following arethethreekindsof pressureevolvedinaduct system.

c

o

= ]

b |
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Fresh air , @
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cooling 28 =>
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Recirculated air |
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1. Staticpressure- Thestatic pressureawaysexist inaduct system. Sinceitis
not dependent upon theair movement, it iscalled static (stationary) pressure.
Thistype of pressure pushes against thewalls of theduct. It tendsto burst a
duct whenitisgreater than the atmospheric pressure and tendsto collapsethe
confining envelopewhenitsforceislessthan that of theatmosphere. Thestatic
pressure overcomesthefriction and shock |osses, when theair flowsfromthe
ddivery of thefantothe outlet of theduct.

2. Dynamicor Ve ocity Pressure- Thedynamic or velocity pressureisequal to
the drop in the static pressure needed to produce a given velocity of flow.
Conversely, it isequal to the possibleincreasein static pressure, when the
velocity isreduced to zero.
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3. Total Pressure- Thetota pressureisthe algebraic sum of the static pressure
and dynamic or velocity pressure.

Mathematically total pressureof air P, =P_+P,
P = Static pressure of air
P,, = Dynamic pressureor velocity pressure

Pressureislost dueto friction between the moving particles of thefluid and the
interior surface of aduct. When the pressureloss occursinastraight duct , itis
usually termed asfrictionloss. Thepressureisasolost dynamically at the changes
of direction such asin bends, elbowsetc and at the changes of cross section of the
duct. Thistypeof pressurelossisusually termed asdynamicloss.

DUCT DESIGN METHODS

Themaingod of desgningHVAC duct systemisto usethelowest cost (reed smdlest)
duct sizeswithout violating certain sizing constraints. First hand operating cost
cons derationsdictatethat duct systems should be designed to operate at thelowest
possiblestatic pressure. Themost widely used method to sizeduct isequd friction
loss method. The other methods are vel ocity reduction method and static regain
method.

Equal friction Loss Method

A proper speed isselected inthemain duct closetothefan. Thepressurelossinthe
main duct isthen used asatemplate for therest of the system. The pressure (or
friction) lossiskept a aconstant level and automatic vel ocity reduction ismaintained
throughout the system. More duct cross-sectional changes can be added and the
number of componentsincreased in thissystem compared to other methods.

Theequal friction method for Szingair ductsisoften preferred to becauseitisquite
easy to use. Themethod can be summarized as:

1. Computethenecessary air volumeflow (m#/h, cfm) in every room and branches
of thesystem.

Useto computethetotal air volume (m*h, cfm) inthe main system.
Determinethe maximum acceptableairflow vel ocity inthe main duct.
Determinethemagjor pressuredropinthe main duct.

a M WD

Usemgjor pressuredrop for themain duct asaconstant to determinetheduct

szesthroughout the distribution system.
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6. Determinethetotal resistance of the duct system by multiplying the static
resi stance with the equivalent length of thelongest run.

7. Computebaancing dampers.
Advantages

1. If theduct layout issymmetrical givingthe samelengthineach run, thenno
dampersarerequired to balance the system asthis method gives equd pressure
lossinvariousbranches.

Disadvantages

1. Iftherunsareof different length, then the shortest run will havethe minimum
drop and air will come out with higher pressure compared thelong run ducts

2. Itmakesit necessary to reducethehigh pressure of theair coming out with the
help of dampersor high velocity can be reduced in the shorter run but may
create an objectionable noise, therefore noise absorbing outlets must be
provided.

3. Thismethod doesnot balance pressures at the outletsif thelength of theruns
aredifferent, so that dampersarerequired for balancing the pressuredropsin
variousruns.

VELOCITY REDUCTION METHOD

Thevariousstepsinvolved inthismethod are;
1. Sdectauitableveocitiesinthemainand branch ducts.

2. Findthediametersof mainand branch ductsfromairflow ratesand vel ocities
for circular ducts. For rectangular ducts, find the cross-sectional areafrom
flow rate and vel ocity, and then by fixing the aspect ratio, find thetwo sides of
therectangular duct.

3. Fromtheveocitiesand duct dimensonsobtainedinthepreviousstep, findthe
frictiona pressuredrop for main and branch ductsusing friction chart or eqution.

4. Fromtheduct layout, dimensionsand airflow rates, find the dynamic pressure
lossesfor dl thebendsand fittings.

5. Sdectafanthat can providesufficient FTPfor theindex run.

6. Bdancing dampershaveto beinstaled ineach run. The damper intheindex
runisleft completely open, whilethe other dampersarethrottledto reducethe
flow ratetotherequired design values.
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Thevelocity method isone of the simplest ways of designing the duct system for
both supply and return air. However, the gpplication of thismethod requiresselection
of suitableve ocitiesindifferent duct runs, which requiresexperience. Wrong sdlection
of velocities can lead to very large ducts, which, occupy large building spaceand
increasesthe cost, or very small ductswhich lead to large pressure drop and hence
necessitates the sel ection of alargefan leading to higher fan cost and running cost. In
addition, themethodisnot very efficient asit requirespartia closing of dl thedampers
except theonein theindex run, so that thetotal pressuredropineachrunwill be
same.

Advantages

1. Thismethodiseasiest amongal methodsin sizing theduct diameters.
2. Theveocitiescan beadjusted to avoid noise.
3. Thisisadopted only for smplesystems.

Dis advantages

1. Theagpplicationof thismethod requiressdection of suitablevelocitiesindifferent
duct runs, which requiresexperiencefor optimum economy and power.

STATIC REGAIN METHOD

The Static Regain method of duct sizing is based on Bernoulli’s equation, which
statesthat when reduction of vel ocitiestakes place, aconversion of dynamic pressure
into gtatic pressure occurs. Thisisused asthemaor principlefor szingtheducts, so
that theincrease in static pressure at each branch offsetsthefriction lossin the
succeeding section of theduct. The static pressure should then bethe samebefore
each terminal and at each branch. Thismethod provides aconvenient means of
designing along duct run with several take offs, so that the same static pressure
existsat the entranceto each branch, outlet, or terminal take off.

Thismethodiscommonly used for highve ocity sysemswithlong duct runs, especidly
inlarge systems. In thismethod the static pressureismaintained at each terminal or
branch. The procedurefollowed isgiven below:

I.  Veocityinthemainduct leavingthefanissdectedfirs.

ii.  Veoditiesineachsuccessverunsarereduced suchthat thegainin static pressure
duetoreductioninvelocity pressure equa sthefrictiona pressuredropinthe
next duct section.

&
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Advantages
1. Itispossibletodesignlongrunsaswel asshort runsfor completeregain.

2. ltissufficient to design themain duct for completeregain and use of thesame
pressure at theoutlets of branches.

AIR CONDITIONING SYSTEM COMPONENTS

Important air conditioning system componentsare:-

1. AHU

2. FCU

3. Chillers

4. Fans& blowers

5. Grillsandregisters

6. Diffuser

7. Dampers

8. Humidifiers& de-humidifiers

9. Air filters

1{\|R QJTT OUTLET DAMPER

1. AHU 3 COOLNGCOL 7 FILTER
Anair handler, or air handling unit (often P B : I’l/
abbreviated to AHU), is a device used to ,_T'.u:“\ ] |
regulate and circulate air as part of the o \ NN
heating, ventilating, and air-conditioning ' :.:Z ) §
(HVAC) system. L " :_
Theair handling unitisanintegrated piece of 4 i ~ H
equipment consisting of fans, heating and 'Z \_ 5
cooling coils, air-control dampers, filtersand BLOWERNOTOR - (R UL SN

INSULATED PANELS
slencers.Anair handling unitsisoften called

AHU. The purpose of thisequipment isto collect and mix outdoor air with that
returning from the building space. Theair mixtureisthen cooled or heated, after
whichitisdischarged into thebuilding spacethrough aduct system made up of five-
feet diameter pipes.Air Handler isnormally associated with heating/cooling (HVAC)
systemsin commercia buildings. Thesearenormally very large systems moving
from 2000 CFM to 10,000 CFM and higher. They may be mounted on thetop of
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aroof or inlarge mechanical roomslocated in the building. They often havean
economizer or inlet damper that allowssmall amount of outsideair or make-up air
tobepulledinthroughtheair handler. Thereareseverd typesof Air Handling Units.
Compact, Modular, Residential, DX integrated, Low Profile (celling), Packaged,
Rooftop mounted (typicaly ontheroofsof buildings, with specia wegther protection),
€tc.

Tobeconsdered asan air handling unit, aminimum of thefollowing componentsare
required : at least 1 filtration section, 1 heat transfer component (cooling/
heating coil or heat recovery system) and 1 fan. Air Handling Units can have
several components, depending on the compl exity and requirements, such asthe
energy efficiency of each specific buildingand application.

Some of themost known componentsare:

Fans (Plug Fans, Doublelnlet, Singlelnlet, Axid, etc)- Filters(Plate Filters, Bag
Filters, Compact Filters, EPA Filters, HEPA Filters, ULPA Filters, Carbon  Filters)

Cooling/Heating Coils (water/steam/Direct Expansion DX/electric/gas fired)
Heat recovery systems (cross flow plate heat exchangers, cross flow plate heat
exchangers, heat wheel/rotating heat exchangers, run around coilsand heat pipes,
elC)

Humidifiers (Adiabatic/Evaporative Pad, non-pressurized Steam, pressurized steam)
Dehumidifiers(DX coil, desiccant rotor)

Ultraviolet UV dignfectionlamps
Photocatal ytic oxidation (PCO) air cleaners
Sound attenuators

Mist/Droplet diminators

Dampers

2. FCU

Fan coil units(FCU) cons & of only afan and aheating or coolingelement, and are
located within the space they are serving, and generally not connected to the
ductwork. They may either just recirculateinternal air, in which case aseparate
ventilation system is required, or may introduce proportion of “fresh’ air that is mixed
withthere-circulated air.

Fan coil unitscan bewall-mounted, freestanding or ceiling-mounted and may be
concealed in celling voids. They may be controlled by local thermostatsor by a
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building management sysem(BM S).Dueto their smplicity, fan coil unitsaremore
economical toingtall than ducted air handling units. However, they can benoisy and
can create vibrationsbecausethefanisin the occupied space. Wherefan coil units
aresupplied with chilled water and hot water from central boilersand chillersthey
aregeneraly referred to astwo pipe (either heating or cooling) or four pipe (both
heating and cooling) units. Wherethe heating and coolingis provided locally, they
may bereferred to asvariablerefrigerant volume (VRV) or varigblerefrigerant flow
(VRF) systems. Here, refrigerant is circul ated between one or morefan coil units
and isconnected to an externa heat exchanger. These systems may be more prone
to refrigerant | eakage than unitsthat are connected to hermetically-sealed central
chillers. Fan coin unitsarerdatively compact and straightforward toingtal. However,
they requireregular maintenanceto ensure continued efficient operation. Whena
fan coil unit coolsair, it generally causes condensati on which must be collected and
drained or pumped away.

Typical |
‘Draw Through' |

Fan Coil ‘
Configuration -

Discharge
Filter Coil and Fan / Motor Discharge Spigot
Condensate Plenum
Tray

FCU istheabbreviation used for FAN COIL UNIT that areavailablefor either DX
or chilled water system that housesrefrigerant or chilled water coil respectively.
Besidethetypeof coil used, the other components are common such asthe blower
fan & filters. FCUsare usually availablefrom0.75 to5 TR from various brands
acrosstheglobe.

AHU istheabbreviation used for AIRHANDLING UNIT; isan adavncetype of
FCU beyond5 TR capacity. They areeither availablein standard sizes or custom
size & body construction. In addition to the standard components (blower fan &
filter), it hasadvancefilters, UV light, mixing chambers, etc. depending upon the
requirement & congtruction.
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3. CHILLERS

Cooling water out Cooling water in
| Condi |
l High
4 Pressure
Expansion

Side
®/ Device Compressor

T 2 Low
Pressure
Evaporator Side
Chilled water in

| Chilled water out

A chiller isamachinethat removes heat fromaliquid viavapour-compression or

absorption refrigeration cycle. Thisliquid can then be circulated through aheat
exchanger to cool air or equipment asrequired.
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When people first encounter the term “chiller” they usually think of something that
createscold or coolsthesurroundingair likean air conditioner or maybeevena
refrigerator. Thisisabit mideading.

A chiller consstsof following Six main components:

Evaporator - coolsthe water, water/glycol or air by transferring the heat to a
refrigerant whichisturnedinto ages.

Compressor -takesthisgasand increasesitspressure, so that ambient air or water
canremovetheheat.

Condenser - rejects heat gained by the gas using ambient air or cooling tower
water to condensethe gas back to aliquid for reuse by the evaporator.

Holding Tank - holdsthecirculating coolant, usualy water (can bewater/glycol),
tank issized large enough to prevent aturbulent flow in the tank causing pump
cavitation.

Pump - circulatesthe coolant from the holding tank to the evaporator and fromthe
evaporator to themachine or process equi pment after being cooled and back to the
tank.

Control Pand - housestemperature controller, compressor contactor, pump starter,
3-phasefuses, control transformer, safety controls, runandfail lights.

Whileitistruethat achillerisadevicethat coolssomething else, i.e.,inaplastic
injection moulding machine, it does not cool, it removes heat. Inshort, it’s a heat
removal device.

Using the six components listed above an “industrial” chiller removes heat from one
element - water/glycol/air - and then circul atesthe cool er el ement through aheat
exchanger to cool thesurrounding air or process equipment.

A basicchiller hastwocircuits: thewater circuit, andtherefrigeration circuit.

In the water circuit, a pump circulates the water from the holding tank to the
evaporator which coolsit by transferring the heat to arefrigerant, the water then
goeson to the processin aportable chiller or back to the tank in a packaged or
centrd chiller. Intherefrigeration circuit, theevaporator boilstheliquid refrigerant
into agas, cooling thewater. Thecompressor increasesthe pressureof therefrigerant
gastoapressure (200 to 220 psi for freon 22), so that the condenser can condense
the gas back to aliquid (remove the heat gained) using ambient air at 95° F or
cooling tower water at 85° F. Inthe caseof anindustrid chiller, theprincipleisthe
same. Water is pumped to the chiller normally at 60° F and cooled to 50° F, when

&



BREFRIGERATION & AIRCONDITIONING (RAC)

using water/glycol, the solution can be cooled to 20° F. The heat isremoved from
the condenser either by meansof aplant cooling tower water system, or outdoor air
on the case of remote condenser and outdoor air cooled chillers, or by plant air for
portableor indoor heat reclaim chillers. Asonecanimagine, chillersareextremely
important intheindustrial world wherethereareliteraly millionsof machinesthat
generatelotsof heat. If thesemachinesaretolast any timeat all, they need to be
cooled. Thisiswherechillerscomein. A chiller can be used to cool any machineor
processthat operates at 60° F or |lower. A cooling tower can be used to cool any
machine or processthat operatesat 85° F or higher.

Applications

Plastics

In plastic industry, achilling system cool sthe hot plastic that isinjected, blown,
extruded or stamped. A chilling system can al so cool down the equipment that is
used to create plastic products (hydraulics of the moulding machine, gear box and
barrel of the extruder) that saves energy and wear and tear of the machine. itself.

Printing

Inthe printingindustry, achiller not only removesthe heat generated by thefriction
of theprinting rollers, but cool sdown the paper after it comesout of theink drying
ovenintheprocess.

Laser

Inthelaser cutting industry, light projectionindustry, etc. achilling systemisused to
cool downthelasersand power supplies.

Rubber

Inthe rubber industry, to cool themultizone water temperature control units of the
rubber extruder barrel cool the rubber mill, calendarsand bambury mixers.

Beverage

Inthe beverageindustry, achiller removesthe heat gained from the process during
mixing, cooking, or when pasteurizing the product.

Medical

If you use high tech equipment for magnetic resonance imaging, scanning, blood
cooling and laboratory testing, you’ll need a cooling system to remove all the heat

thusgenerated.
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AVAC

With cooling expenses accounting for 30% to 50% of your total energy costsrising
fast, and theimpending phase-out of chlorofluorocarbon (CFC) and hydro chloro
fluorocarbon (HCFC) refrigerants, thereisarapidly growing need to replacelarge
commercia ar conditioning and refrigeration sysemswithamodular chilling system.

FANS & BLOWERS

Fansand blowersprovideair for ventilation and industrial process requirements.
Fans generate a pressure to move air (or gases) against a resistance caused by
ducts, dampers, or other componentsin afan system. Thefanrotor receivesenergy
from arotating shaft and transmitsitintotheair.

Difference between Fans, Blowers and Compressors

Equipment SpecificRatio Pressurerise (mmW()
Fans Upto1.11 1136

Blowers 1.11t01.20 1136 — 2066
Compressors morethan 1.20 -

Fans, blowers and compressors are differentiated by the method used to movethe
air, and by the system pressure they must operate against. As per the American
Society of Mechanica Engineers(ASME) thespecificratio - theratio of thedischarge
pressure over the suction pressure is used for defining the fans, blowers and
COMPressors.

Fansfall intotwo genera categories: centrifugd flow and axial flow.
Centrifugd Fan : Types
Themagjor typesof centrifuga fan areradial, forward curved and backward curved.

Radial fansareindustrial workhorses because of their high static pressures (upto
1400 mm WC) and ability to handle heavily contaminated airstreams. Because of
their smpledesign, radia fansarewel| suited for high temperaturesand medium
bladetip speeds.

Forward-curved fans are used in clean environments and operate at lower
temperatures. They arewell suited for low tip speed and high-airflow work - they
are best suited for moving largevolumesof air against rel atively low pressures.
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Backwar d-inclined fansare moreé€fficient than forward-curved fans. Backward-
inclined fansreach their peak power consumption and then power demand drops
off well withintheir usegbleairflow range.

Centrifugal Fans

Forward Curving Radial Backward Curving
high volume high pressure
AXTAL FLOW FANS

An axid fan isatypeof compressor that increasesthe pressureof ar flowing through
it. Theblades of the axial flow fans forceair to moveparalld to the shaft around
which thebladesrotate.

Themajor typesof axia flow fansare: tubeaxial, vaneaxial and propeller

Tubeaxial fans have awheel inside a cylindrical e~
housing, with close clearance between blade and - £ y
housingtoimproveairflow efficiency. Thewhed turn "o‘r‘. L
faster than propel ler fans, enabling operation under ;-‘f}! y
high pressures upto 250 —400 mm WC. The efficiency L o
isupto 65%. T
Vaneaxial fansaresimilar to tubeaxias, but withtheaddition
of guide vanes that improve efficiency by directing and
straightening the flow. Asaresult, they haveahigher static
pressure with less dependence on the duct static pressure.
Suchfansareused generdly for pressures upto 500 mmw«cC.
Vaneaxiasaretypicaly themost
energy efficient fansavailableand
should beused whenever possible.

Propéller fansusually run at low speedsand moderate
temperatures. They experiencealarge changein airflow
with small changesin static pressure. They handlelarge
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volumesof air a low pressureor freeddivery. Propeller fansare often used indoors
asexhaust fans. Outdoor applicationsinclude air-cooled condensers and cooling
towers. Efficiency is low —approximately 50% or less.

GRILLS, REGISTERS, DIFFUSERS

Grill . A decorative covering element for an outlet or intakeisknown as
grill. Afixedopeningthroughwhichair passes.

Register : Agrill equipped with adamper which suppliesconditioned air.
Typicdly used for supply air gpplications.

Diffuser  : Anarflow devicedesgnedtodischargeconditioned airinaspecific
direction, path, or pattern. Used for supply air applications.

The proper supply to an air conditioned room is made through grillsor registers.
Thegrill or register can belocated in thefloor, high sideof thewall or intheceiling.
Theessentid requirement of the supply pointisthat theair stream coming out should
not strike the occupants beforeit loosesitshigh velocity.

HUMIDIFIERS

A humidifier isadevicethat increases humidity (moisture) in asingleroomor an
entire building. The humidification of air is one of the important phase of air
conditioning system. The humidification isachieved by using any one of thefour
following methods:

1. Injectingthesteam

Inthissystem, humidification of air iscarried out by injecting thesteaminto the
air just above atmospheric pressure. Thesteam condensesto avery finemist
asitisdispersed and evaporatesalmost instantly to the gaseous stateraising
theRH.

2. Atomizingthewater

An effective humidification can be achieved by using compressed air to draw
water by aspiration fromasupply tank and blow it in theform of finemist into
theduct carrying theair to the conditioned space.

3. Evaporation of water

These type of equipments discharge pure water vapour into the air to be
humidified. Theprocessisendothermic and requiresheat whichisoften provided
by theequipment itsdlf.
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Air washing

An ar washer isapieceof equipment that isdesigned toimprove air quality by
scrubbing the air that movesthroughit and adjusting humidity level sto keep
the environment consistent. Air washers areused aspart of climate control
and air qudity systems. Theair washer worksby continuoudy moving asupply
of air over chilled water and pushing theair out to cycleit through aroom or
building. Humidity ispulled out of theair asit reachesthe dew point by passing
over the cold water. In addition, impuritiesin theair such aspollen and dust
precipitate out. Theair exiting the machineisdrier and cooler. It also contains
fewer parti culates, making it safer and more comfortableto breathe.

Application area—Air conditioning systems used in winter.
DE-HUMIDIFIERS

De-humidificationisthe processof removal of water fromtheair and theinstrument
used for de-humidificationiscalled de-humidifier. De-humidifier isan instrument
associated with summer air conditioning. There are three methodsto accomplish
dehumidification

1.

By reducing thetemperature of air below DPT. Thisisaccomplished by passing
theair over the cooling coil whose surface temperature is maintained below
DPT of theair.

By absorption of moisturefrom theair: Thisisaccomplished by passingtheair
through absorption bed. Themoisturein theair does not enter into achemical
combination withthemedium throughwhichitispassed .Itissmply removed
fromair.

By adsorption of moisturefrom air: Thisisaccomplished by passingtheair
through achemica .Themoistureintheair entersinto achemica combination
withthedrying agent.

Application area

1. Foodindustry
Packagingindustry

Production of englishmedicines
Storage areaof iron products
Sugar industry

o &~ w0 DN
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AIR FILTER

Theair takenfrom atmosphere carriesdust, bacteriaand odoursintheair conditioned
systemwhichareharmful for human hedth . Theoxygenlevd intheair will bereduced
whenit goesout of air conditioning system asoxygen isused by the occupants. The
remova of impuritiesfromthe outsidearismost essential and important part of dl
ar conditioning systems.

Thedifferent methodsof air filtering aregiven below :
1. DryFilter

Wet Filter

ElectricFlters

HEPAfilters

Centrifugal dust collectors

o 0D

INSULATORS

A thermal insulator issomething that prevents heat from moving from oneplaceto
another. Thereare 3main waysthat heat can travel: convection, conduction, and
radiation. Typically the phrase ‘thermal insulator’ refers to a material that blocks
conduction. A material or anobject that doesnot easily allow hegt, eectricity, light,
or sound to passthrough it. Air, cloth and rubber are good electrical insulators;
feathersand wool make good therma insulators. (Compareit with conductor)

Insulations are defined asthose material sor combinations of materialswhichretard
theflow of heat energy by performing one or more of thefollowing functions:

1. Conserveenergy by reducing heat lossor gain.

Control surfacetemperaturesfor personnel protectionand comfort.
Facilitate temperature control of process.

Prevent vapour flow and water condensation on cold surfaces.

a b W DN

Increase operating efficiency of heating/ventilating/cooling, plumbing, steam,
processand power systemsfound incommercia andindustrid installations.
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6. Prevent or reduce damage to equipment from exposuretofire or corrosive
amospheres.

7. Assist mechanica systemsin meeting the criteriaof food and cosmetic plants.
Reduceemissionsof pollutantsto the atmosphere.
PROPERTIES

Low thermad conductivity
Permanence

Strength

Light weight

Water repellent

Sanitary

Odourless

Fire proof

© No U s~ wDdhPE

©

Low cost
Insulating materials
» Fiberglass. Fiberglassinsulation. ...
* Mineral Wool. Mineral Wodl. ...
» Cdlulose Cdluloseinsulationmaterid. ...
*  Polyurethane Foam. Polyurethaneinsulation. ...
» Polystyrene. Polystyrene (Styrofoam).

Air distribution systems

Theobject of air ditributioninawarmair heating and air conditioning systemisto
create proper combination of temperature, humidity, and air motioninthe occupied
zone of the conditioned room.

Thefollowing pointsare preferred toinair distribution systems:

1. Thetemperaturevariation should not be morethan two Degree Celsiusinthe
occupied zoneof theroom.

Thedesirablear movement around the bodies of the peopleis 7.5 m/mit.
Flow direction of air towardstheface of the peopleispreferredto instead of

4. Downwardflow ispreferableto upward flow.

back or sides.
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Therearesevera methods of air distribution system which can be successfully used
for different purposes.

Excellent for cooling & heating (Year round air 1 [ 7/; KE grite
conditioning system) \\‘\. N =4 (L out

grille

Excellent for cooling & heating (Year round air
conditioning system)

Excellent for cooling & heating (Year round air
conditioning system)

Excdlent for heating (Winter air conditioning system)

Excdlent for heating (Winter air conditioning system)

Aird

TITTTTTTL T T e
lllllllllllll
ORI

Excdlent for cooling (Summer air conditioning system)

...........
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Practical

STUDY DIFFERENT TYPESOF FILTERSUSED INAIR DISTRIBUTION
SYSTEM

AIM:-To study different typesof filtersused inar distribution system.
MATERIALSREQUIRED:-

Different typesof filtersused inair distribution system

Airfilters

Primary filters up to 20 microns

Secondary filtersupto 10 microns

HEPA filtersof 3to5microns.

Bag Air filter for AHU (10 microns)

Heppa filter Regular filter Linear Sot Diffuser
(3-5 microns) (20 microns)

| —— |

Linear Bar Grills Air Line Grills Round Cieling
Diffuser

F

Diffuser Rubber insulation Superloan pipe
copper tube insulator
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ASSESSMENT

Give a lay out of the structure of different types of buildings and ask to
draw suitable ducting arrangements.

\
TE QUESTIONS

What arethefactorsto be considered for selecting ablower fan ?
The pressureinsidethe duct ismeasured using

Theveocity insdethe duct ismeasured using
Theduct used tointakeoutsideair iscalled

The conditioned air isdistributed to theroomsthrough .
What arethefactorsto becons dered whilesdecting aduct insulating materia ?

o g s~ w D P

UNIT 4.6
PROJECT WORK

Construct afeasibleworking modd or still model of relevant R & AC systemand
prepare aProject report.




BREFRIGERATION & AIRCONDITIONING (RAC)

REFERENCE :-

1

10.
11.

Heating and Cooling Essentials by Jerry Killinger. Good Heart — Will Cox
Company (2005)

Refrigeration andAirconditioning Technology by William C Whitman,
William M Johnson, John.A.Tom, Cengagelearning Custom Publishing (2012)

Technicians Guideto Refrigeration System by John.A.Corinchock. Mc Graw-
Hill Education (1996)

Refrigeration and Airconditioning by R.S.Khurumi, S.Chand (2006)
Refrigeration and Airconditioning by C.PArora, TataMc Graw-Hill (2006)

RefrigerationandAirconditioning by A.K. Anandharaman, TataM ¢ Graw-Hill
(2005)

Skill Devel opment Handbook for Technicians by Indian Society of Heating,
Refrigerating and Airconditioning Engineers (2015)

Work Shop Practice by Hajra Chaudhary

Basic Refrigeration - R WaxesMarsh

Refrigeration and Airconditioning by S. Domkundwar
Refrigeration and Airconditioning by N.Singh




