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‘when troubleshooting include:

* Are the building spaces are too hot o
00 cold?

* How long has the problem existed?

* Has the unit ever worked properly”

* Istherca patten to the problem sich
occurring at a certain time of day?

® Has the unit recently been serviced or

changed?

Tools and Supplies
To properly service or troubleshoot forced
it heating systems all safety equipme™
mustbe available and in good order. To0*
should include g set of standard hand
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Specialized tools such as an electio®
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HYDRONIC HEATING
SYSTEMS

Abydronic heating system s a heating sys.
tem that uses water or other fluid to cary
heat from the point of generation 10 the
point of use. Hydronic heating systemsare
used where heating equipment s located
far from building spaces that require heat
Hydronic heating systems are als0 used
where a central heating plant heats sev-
eral buildings. Hydronic heating systems
consist of a boiler, fittings, accessories, ho!
water supply system, eirculating pump:
terminal devices, controls, and hot watet
elum system, See Figure 11-3.

Ahydronic heating system uses @ ol

{0 heat water and store water. The ftings
maintin the safe and efficient opersion o
the boiler, Accessories are required 10 VP
portthe operation of the boiler and assoc™
ated systems, The piping system .ﬁsm‘hfﬂ‘i
the hot water o building spaces. Tormi"™
devices transer the heat from the hot WAL
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Flgure 11-2. Steam heating systems consistof a boller, fitings, accessories, steam supply
&ysiem, hieat exchangers, terminal devices, conirols, and the condensate retun system.
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Heat Production
Boilers burn fuel or use electricity tocrege
‘steam or to heat water. Combustion boilers
bumn fuel such as natural gas, fuel oil, or
coal to produce heat. Natural gas- and fuel
oil-fired boilers are used in many buildings,
Coal boilers are normally used in large
industrial plants. Electric boilers use re-
sistance heating elements to produce heat
Electric boilers are used mainly in residen
tial or small commercial buildings.
Combustion Boilers. Boilers that produce
heatby combustion are made ofseelrcst
iron. Steel boilers are welded together o fom:
asingle unit that has a specific output &
Stel boilers have removable manholecre™
for maintenance and service. Castiron (-
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Tequired output rating is achieved.
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Fitiings are components direct
required for the operation of the boily,
Accessories are components not directy
attached to the boiler. See Figure 11.7,Tr.
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are the temperature and pressure ratngs,
The fittings on steam boilers include
safety valves, steam pressure gauges,
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Steam Systems
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Main Gas vy,

electrically operated solenoid valve. Electi
callyoperatd solenoid valves are 2150 <
0 control gas flow for pilot light system™
On large boilers the main gas valves &2
hydraulic-elctric vlves, Hydraulic-¢lect™
valves have o small electric motor that 875
asmallhydraulic pump that pumps 01 10
areseroirin the valye actuatorin0 2™
e As the o enes thecylinder (e P
n the cylinder works against the clo5I"®
SPng pressure to open the valve-

ety Vil Ages ety e
e valve thtconols e vol
it 0 bumer The burctly
e o i) i normaly comected
e . damper i regucs the
zlume of air to the burner so that the.
el ratio remains a the desired mix to
purn the fuel completely with the minimal
amount of air.
Low and High Gas Pressure Switches.
- and igh-presure gas pressre
awitches are switches used to monitor the
s inth gasline. A low presue
gasswitchis anormally open switch thatis
ity s prssrc and willopenit
e gas pressure is too low. A high-pressure
gas switch is anormally closed switch that
remains closed and opens if the gas pres-
Siois oobigh,
Gas Vent Valves. A gas vent valve is a valve
e 1 ey device on bigh presure
vyt 1 o i i vlves
ndor o il ght vales G vent
Ve e it soenoid vaives tat
i apend when e mai g vales e
closed. If the main gas valve leaks, the gas.
would be vented outside of the building
10 atmosphere. When the main gas valve
opens, vt valv cose, and th ol
illoerae s norma.

Boiler Combustion Safety Controls. The
boiler combustion safety control is a con-
ol that s similar o the combustion safety
controls used on forced-air furnaces. Boiler
combustion safety controls monitor and
control the bumer start-up sequence, the main
ame during operaion, and the shutdownse-
tence Thesecontrol includea programmer
't controls the burner operation. A pro-
Srammer s a control device that functions as
‘Mastermind of the bumer control system
C_:‘l‘lm)l the firing cycle of a boiler.
cilcui[: Programmer monitors the safety
St and the flame safoguard ciruit. The
Ly circuit includes all of the tempera-
level hes, pressure switches, and wate
SWitches 10 ensure all conditions are
h m.'rne flame safeguard circuit mon-
e iy PreSence orabsence ofa flame for
Pilotlight and the main flame.

GasButte

[

Chapter
1= Steam and Hydronic Hesting Systoms

Draft Systems

A drafi system is a boiler system that
TEgUlates the flow of air into and from the
boiler bumer. Forfuelto bum eficiently, the
Properamount of oxygen must b provided.
‘The proper amount of primary ir and sec..
ondary air must be provided for complete
fuel combustion and to discharge the gases
of combustion. See Figure 11.35,

rSouBusTION
[ éoNmRoLs

GASES OF conausTioN
DIREGTED FOF (e £AQE
INTO ATMOSPHERE

umnm/ ovmen ||

TETENE -/ assehots | Lavonen
Figure 11-35. A draflsysem reguates the
flow of ar o and out of he burmer and

discharges the gases of combustion rom the
freboxinto the atmosphere.

During operation of the boiler, there
i a low of air nto the fuel, a flow of hot
gases of combustion tothe heating surfac-
s, and a flow of gases of combustion o
the atmosphere. Each of these processes
has resistance to flow from obstructions
Such s tubes, tube sheets,frcbox ills,
dampers, and baffles. To overcome the
resistance to flow, either natral draft or
mechanical draft is employed. The pe
used depends on the size and capacity of
the boiler, Mechanical draftincludes forced
draft, induced draft, and balanced draft.
‘Natural Draft. Natural draft is draft pro-
duced by natural action resuling from tem-
perature and density diffeences betwveen
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system through air vens.

Pressure-Reducing Valves

ressure-reducing valve is an auto-
e e T
fluctuating inlet water pressure to a lower.
or constant outlet pressure. Pressure-re-
ducing valves reduce the pressure of
‘makeup water (0 between 12 psi 0 18 psi
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boiler. See Figure 11.43,

Flow Control Valves

Ao controlvalve s avalve that regulates

the flow (gpm) of waterin a hydronic heat.

ng system. A flow control valve may be.

manul or automatic, A manual fow contro]

valve s aglobe valve that manually controls

the flow of water in a hydronic heating
System. An automaric low control valye is
acheck valve that opens orcloses automati-
cally. When a circulating pump is ON, the
fow control valve opens 0 allow water low.

‘When the circulating purup s OFF, the flow
control valve closes and prevents wter from
circulating by natural circulation. A fiow
control valve i located on the outle piping
of a boiler. See Figure 11-44.
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Zone Valyes. A zone valveis a valve that
regulates the flow of watr in a zone or
terminal device of a building. A zone
is a specfic ection of a building that
requires separate temperature control.
Zone valves may be manual or automatic.
Amanualzone vale s a valve that s set
by hand o regulatethe flow of water in
pipingloop. An automatic zone valye s a
valve thatis opened or closed automati-
ally by a valve motor, elecric solenoid
coil, o preumaic actuator, Automatic:
20n¢ valve actuators are driven by an
electic or electronic control system or
by a pneumatic control system, with
the control system controlld by a zone.
thermostat, See Figure 11.53,

Terminal Devic2

andzone v
blowers regulat
punps arepormal
bya signal foma

Valves used for controling .

ar cither digtal or Mol o oy
digital valve S & Wo-posiion (' A
valve The valve i it compj /)
orcompletely Iosed. A mogi” 9P
isaninfiniteposiion vlve, The y e
be completely Open, complerely "
atany intermediate position iy, ,Esp““‘ o
the contolsignal the Valve recgp 0
Low-Temperature Limit ¢,
low-temperature limit conirof (1
isused on terminal devices gy
sirforVentilaion. A low-temperggun.
conml is & emperature-acuaied gt
swich hatmay energize  dampr og.
shothe damper and ope th vt g -
the venilation s temperature drop e
 setpoint (35°F). The terminal unt o
will continue to run.In other applicaion.
the low-temperature limit control shus (¢
terminal unit down, completely close e
damper, turns the fan OFF, and opens s
water valve. Freeze-protection contols
arerequired when outdoor ir temperature
drops below 32°F, because water in the
coil of the terminal unit may fieeze. See
Figure 11.54.

ntrols, 4
eeze gy
€ Outdoy:
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CONNECTION

Figure 11-54. A Jow-temperature. nimmcanngl‘
(reeze stat)is used on terminal device® L.
use outdoor air for ventiation t0 PrOiSc T2
devices from freezing when outdoor &'
perature drops below 32°F; becaise Y
the coll of the terminal unit may fre¢%°

- e
Thermostats, Thermostats used ¥i%h

o
minal deyices regulate water a1 3;; o)
by controlling the circulating P

Jalves, and terminal device blowers
A e (two-position). On a call for hear,
e thesmostat opens the valve. When
{1 temperature reaches the thermostat
o, the thermostat closes the valye.
S proportionl thermostat is used to
conirol modulating valves. A proportional
hermostat is @ thermostat that contains a
ctentiometer that sends out an elecric
§gualthat vares as the temperature vries
‘A potentiometer is a variable-resistance
elecric device that divides voltage propor-
{ionally between two circuits. An actuator
eceives the signal and converts it (o me-
chanical action in the modulating valve.
Programmable Thermostats. A pro-
srammable thermostat s a stand-alone
thermostat that can be programmed by
the building occupants. See Figure 11-55.
The standard features of a programmable
thermostat are multiple day and night set-
points for heating and cooling, deadband
settings, and override capabilitics. The
abilty o program setpoints into the ther-
mostat for the times throughout the day or
night the space is occupied and a separate
programmed setpoint for the times when
{he spaceis unoccupied, conserves cnergy.
Deadband settings are another energy
conservation idea that s standard on most
Programmable thermostats, The building
Qceupants are able 10 set the individual
SCIpOINts for the desired temperatures but
the program built into the thermostat will
s o the heating setpoints to overlap
heeling sctpoints in order (0 avoid
g and cooling at the same time. In
g cases thee is a minimum of a 2°F
nd g2 Detween the eating setpoint
Sipoie g setpoint. Deadband i the
heag Jifferential when no mechanical
empes,or€00ling is allowed becausethe
11 bt the two setpoins.
m:::;:“'ﬁhc blowers in terminal devices
bloweriy mﬂd by relays, which cycle the
o e terminal device ON or OFF.
Oy 1 Same as those used in
e hory S2UE Systems. A signal from
Stat closes the relay contacts

Which supply electiciy 1
or. Thermostats control e bl
heater or unit venilator, Thepy
0 control terminal dey;
inside the cabinet o the it that thy con.

oo locute ety
y inthace i,
heated. See Figure 11.56, & £

lower mo.

wer in a unit
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ACCESS DOOR CLOSED

ACCESS DOOR OPEN

Figure 11-55. Tho standard features of a pro-
grammable thermostat are muliple day and
night setpoints for heating and cooling, dead-
band seftings, and overrde capabiles.

Water Strainers. A water strainer is a
device in a hydronie heating system that
removes particles from the waterinside the
piping system. Ifnotremoved, the paticles
can plug small openings (orifces) in con-
trols and coils The partcles can also lodge.
under the seat of a valve, causing the valve
1o leak when closed. Some particles when
suspended in water become very abrasive,
causing valves and pump impellers o wear
prematurely. The strainers are normally
located before pumps and control valves
in the system to protect the devices.
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TROUBLESHOOTING AND
SERVICING STEAM AND
HYDRONIC HEATING
SYSTEMS

o troubleshoo and service steam and.
hydronic heating systems, individuals
mustbe familar with the complete sys-
tem. Many times a faulty component
causes problems in other components
of the system or makes the components
appear o be fuuly Individuals must learn
10 troubleshoot a the component fevel
Troubleshooting (o the component level
requires good electical skils,

TRUGTIONEVIANALERS

Tools and Supplies
Insments o g eacings o,
amperage, ESIANGe, temperg e,
presire,and WO are reque W
roubeshooting steam and hy oy 1
systems. Digital multimeterscan 17
istforvolag, amperage, un e 310
amperage 5 ( be (eted, asepary
on ampprobe GCESSory i useq 1™
mlimeter Wit the appropri . e
Sories, emPEraure can also be senge S
e o he presg ot
‘gaUgeS OF gauge sets are used, &
Tomeasure pressure in pipe, e,
e
temperatursof i fowing oo e
s & thermometer i used, Ty epe
the aiflo (0 o from heating e
nemomete is used withthe spprop
sccessories Knowing how (o useani s
thes nsiruments comecly and heng
toceriy theinstruments accuracy oar
accune readings. See Figure 11.67,

Routine Service Procedures
Local, sate, and federal regulations re
quire periodic inspections of all hojlers
by an authorized inspector, Most insur.
ance companies also require periodic
inspections to qualify for insurance, Pe-
riodic inspections are usually scheduled
when the boiler is normally down in the
summer or off season. This scheduled
downtime is used to accomplish main-
tenance and replacement or repairs that
cannot be done when the boiler is operal-
ing. While periodic inspection pertains
primarily to the waterside and fireside of
the boiler, it is an excellent opportunity
forthe servicing of all components of e
boiler and accessories including piping:
valves, pumps, gaskets, and refracton:
Comprehensive cleaning, painting, 414
replacement of expendable items should
be planned for this time period aloné
With the coordination of any extensi®
Tepairs or replacements,
Priortoplacing a boilerinto service 4
initial installation, after extcnsive rEPA™
or after the boiler has been down 7 #"
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OILER 1 ang sverews,

B erews o ensure o dumage or [~

ool menthas occured. A well-planncd
B ineranc program i .
Py downtime o costly repairs and
pecesa e It recommended by most

BOIER RGN Log g0
~BOLER 1 snasvsrey
WeEKLY: g

=l

BOILER ROOW LOG ~50ILER 1 sna sysrews
DALy

omotes

e manufaeturers tht aboiler room log
o e R
ekl and monthly maintenance actiyi

e, See Figure 11-58. A logis valugble in
oognizing anomalies and obaining length
of ervice from quipment

Figure 1-58. Most boler manufacturers recommend that
boller oomlog o ecord be maintaned, recording dly:

dorse than ai
ance acties.

| SPECIALIZED TOOLS

Fisks Comorstan Fuks Coporstn
DIGITAL MULTIMETER CURRENT AND TEMPERATURE ROTATING VANE
/ACCESSORIES. ANEMOMETER

Fe
: sl TEMPERATURE GAUGE

PRESSURE GAUGE
AND TRANSMITTER

Fig e
U 1157, Test instruments must b read corecy and hlc acsracy carfed.
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Central ForcedAir Heating
Systems

A contral forcedeair heating sste s 3
foscdi heating system that uscs  cen-
ally located furnace o produce heat for
building. Supply i ductwork runs from.
the heating unt (0 the building spaces
Retum air ductyork runs from the building
Spaces back o the heating unt

Modular Forced-
Systems

Amodular forced-air heating sysiem is &
forced-air heating system that uses more
than one heating unt to produce heat for

ir Heating

atrxind 1ot spmcen oy +

a building, Fach heating o
heat for a module o zone of the
A zone i a spcifc secton of a b

that requiresseparat temperature control.
Heating unitsinmodularforced-ir heating
systems are usually locted on roofs.

FURNACES

furna

is the centeal clement in @
L heating system. A fum
bt includes

& blower, bumer(s

clectric heaing

nd e exchange
ents, and conteols. §

silable n dif-

ferentsizesand styls or  varity of appli

carions. Forced ar fumices e catgorized
by direeton o airfow, fuel orcncegy used.
Gimensions, and hating capacity.
Fumaces are categorized based on the.
direction of airflow out of the furnace
The thres most common syles of fumaces
are upflow, horizontal, and downflow

(counterflow).

‘An upflow furnace s a fommace in which
heated air flows upvard s teaves the fur-
nace, Returm airenters hrough or near the
bottom of the upflow fumnace and exits out
of the top. See Figure 10-2. A horizontal
Jumace is a furace in which beated air
flows horizontally asit eaves the fumace.
‘Return airenters horizontally atone end of
the furmice, and supply a exits horizon.
{ally at the other end. Horizontal furnaces

215
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Mechanical compression refigerations
refrigeration process that produces a refrg:
eration effect with mechanical equipment.
A mechanical compression refrigeration
system consists of & compressor,refrger-

ant, condenser, expansion device,evapora:
tor, refigerant ines, and sccessories. See
Figure 12-1.

A compressor is  mechanical device
that compresses refrigerant or other fuid.
A compressor increases the femperature
of and pressure on reffigerant vapor and
produces the high pressure side of the sys-
fem. A refrigerantis a uid that i used for
transferring heat in a refigeration system.
Refrigerants have a low boiling (vaporize
Gon) point, which llows refigerants 0 boil
and Vaporize al 00T (CMperAIe.

'A condenser is a heat exchanger that
removes heetfromhigh-pressurerefgerant
Vapor High-pressue efigerant apor [0ws
{hrough the condenser and the condensing
medium passes across the outside of the
ondenser. Heat flows from the hot efier-
St vapor o the cold condensing medium:
s condensing medium s the fuid in the
Condeaser of a refrgeration sysem ek
O e eat awny from he el Ak
e e condensing metius used i
B eraion sysiems. A CHEETEL 0L

gives upheattothecondensint medium, the
Vapor condenses 103

iquid.
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Figure 12-3.Ina mechanical compressio refrigeration system, heat transfer ocours n e,
condenser and tho evaporator,

EXPANSION DEVICE

Flgure 124, gy,

a oy .
oW pressure g, o580 eierationsystoms have a high-pressur® 52 and

Vaporiy

HIGHPRESSURE
LIQUID REFRIGERANT
Frow

CONDENSER
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/
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[ yaromzzs

PRESSURE |

Rt
UsTCRE |

TOEVAPORATOR
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HIGHPRESSURE

LIQUID REFRIGERANT.

FROM CONDENSER

Figure 12:5. As liquid refrigerant flows
through an expansion device, the decrease
In prossure causes some of the refrigerant
fovaporize.

Compressor suction pressure is the
pressure created by the compressor when
refrigerant is drawn into the compressor.
The compressor suction maintains low
pressure in the low-pressure side of the
system. Because refrigerant is drawn out of
the evaporator to the inlet of the compres-
SOT (suction port) as fast as it is introduced
through the expansion device, the pressure.
O the low-pressure side of the system
Temains congtan,

Compressor discharge flow maintains
high pressure in the high-pressure

the

sideof arefrigeration system. Compressor
<harge pressure is the pressure created
heresistance to flow of the compressor

When refr

Berant is discharged from the
Ompresso, 5

Preson The compressor compresses
a8 the refrgerant, Refiger-
Tous 2 EXaportor o a vapor and

{0 the compressor. The refrigerant
'S compressed in the compressor and

apter 12

Teaves the comg

e ompressoratahig
See Figure 12., h
absorbs heat from

ferpresu
Becuue th orra
n the compresion prg
3 0 posibly the compray mens
ings, he rergerant gy ewes e,
Compresso s hoter rn e repgn
nthe st o e refrigraion sy e
o egerant vapor dischgoen oy,

COMPIESSOr flows 10 the condenser, The
pressure in

the high-pressure side of the
YSIEm i constant except for miner pres-
sure decreases created by the friction of
fitings and refrigerant lnes,

CONDENSER ™
=N
‘
jr——
[ ressn

nsen |

REFRGERAN
N\ COMPRESSOR

Figure 126, Refrigerant vapor s compressed
Inthe compressor and leaves the compressor
atahigher pressre and temperature.

Because of the low pressure in the
evaporator and compressor suction port,
the temperature of the refrigerant is de-
ereased o a temperature lower than the
temperature of the evaporating medium.
The temperature difference causes heat (o
flow from the evaporating medium to the
refrigerant. Because of the high pressure
in the compressor discharge port and con-
denser, the temperature of the rftigerant
is increased o a temperature highe than
he temperature of the condensing medium.
“This temperature difference causes heat to
flow from the refiigerant o the condensing
medium.

‘An example of a mechanical compres-
sion refrigeration system is a houschold
refrigerator, Inside a refigerator, refis-
erant circulates through the evaporator
and absorbs heat from food. This heat
vaporizes the refigerant. The refigerant
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figerants in theit Freon® iision. Freges
is a rgistered (rademark of the Dy oy
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name for all halocarbon refrigeranty,
Relrigerants used in systems today g
derived from methane (CH,) or edhane
(G The base molecule of methane o
elane is halogenated by a fluorine o
“The important factor i that the moleculs
does ot contain a chlorine atom. These
refrigerans are known as hydrofluorocar.
bons (HFCS) and are considered saf ot
environment. The most popular HECs e
Re134a,R-1522, R 32, R-143a, and R-125,
HFC refrigerants operate a pressures cas-
ily attained in  refrigeration system, wod
are nomtoxi, nonflammable, and relatvey

lorige,
he
2 ther,

by
of the evaporalor

ut ’“ The compressor
1, which raises

o mpor st

deyel.
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EVAPORATOR 7 CONDENSER -
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Figuro 12-7. A housshold refrigerator re-
moves heat from food and releases the heat
othe airouside the efigeraor hrough the

‘condenser, safe to handle.
Refrigerants are identified by numbers.
“The numbers are assigned according o the
Refrigerants physical and chemical composition of &

refrigerant. Numbers less than 170 are &5+
signed o efrigerants based on the chemicél
composition of the refrigerant. Numbers
above 170 are assigned arbitrarily

Refrigerants derived from methare i
assigned two-digit numbers. The irstdigt
in two-digit numbers equals one more tha"
the number of hydrogen atoms in ¢!
‘molecule, The second digit i the num®e"
Of luorine atoms in each molecule. R
erants derived from ethane are aSSIZIE
three-digit numbers under 170. The ﬁlls‘
digit in three-digit numbers is ubiu&{‘yl
assigned. The second digit in three-4"

“The firstsubstance (o be used s arefriger-
ant was probably ice, which was used for
cooling food and drinks. As ice melt, it
changes stae from a solid to liquid, The
{ce absorbs hea fromthe air or liquid that
surounds it The removal of eat cool e
i or liquid, Water in the liquig st g

50 used . efrgerant. I iy climgge

WALE inside he g
In the early |

ed for are chlorine atoms. For ex- 1o
aceOU . emical formula forrefrigerant
ampl’v3 2) s CHLE, and the chemical name.
3R ethane, R-32is amethane-base
reEeT o atoms of hydrogen, which
ot & for two atoms of chlorine. The
e atom s from the original cthane.
At mber of a refrigerant identifies a
o cular refrigerant regardless of the

P nufacuuser, See Figure 12:5.
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Figure 12-8. Refrigerants derived from
methane are assigned two-digit numbers. Re-
figerants derived from ethane are assigned
thrae-digit numbers under 170.

; ‘There is concern about the effect of re-
igerants on the atmosphere of the Earth.
Refrigerants that use chlorofiuorocarbons
(CFC9) and fully halogenated chlorofluo-
rd*':e;s (HCFCs) such as R-11, R-12,
f\)nhc‘dz are believed to be responsible
A lepletion of the Earth’s ozone layer
Vent ) SAUse lobal warming. As a esul,
Vit g oM equipment as banned,
& mduCFC refrigerants being phased out
provigecton n 1995 to comply with the
o e Clean A Act o 1992.
b cegr 24 HVAC technicians must
gt g 1 Fefigerant recovery and
enangg. eALEefigeration system main-
A8 Iequired by federal, state, and

<2l clean aif regulagions, Whep 5

eration system is iced, .
St be ecocred and my o e

or recycled if not CFC.

When used reffigerans are recycled,
they atc recovered, leaned, and replaced
Into the refigeration system, Recyeling
& refrigerant increases the risks of poor
equipment performance, When used re-
frigerants are reclaimed, they are recov-
ered and shipped to the manufacturer for
purificaion. The reffigeration system is
then reflled with new refrigerant, which
‘guarantees proper system performance.

As more CFC and HCEC refrigerants e
phased out and supplies disapear, compa-
nies will have 1o comert to altemative re-
frigerantsthat have improved environmental
characteristics. Du Pont Co. i curenty pro-
ducing new SUVA® altemativ refigerans.
SUVA®is the Du Pont Co, registered trade-
mark for the new altemative refrigerant.
SUVA® refigerants are currently avilable
for new and rerofitted systems. Retrofiing
s the process of furmishing a system with
new pars that vere ot availableat the fime
the system was manufactured. Refrigeration
systems that currently use CFC refigerants
can be retrofited with new equipment to
make the system compatible with the new,
safer refrigerants. SUVA® refrigerants
provide similar performance to CFCs with
teduced potential for ozone depletion and
global warming
Properties. Thermodynamic and physical
properties arethe mostimportant properies
of a refrigerant. Properties of refrigerants
determine cfficiency, cooling, and flow
rates. Propertics are the amount of heat
involved in a change of sate, the tempera-
{ure at which & change of stae occurs, and
the volume of the refrigerant in liquid and
vapor states. Refrigerant property tables
contain information about thermodynamic

and physical propertes of refrigerants.

A refrigerantproperty ableisatable hat
contains velues forandinformation about :;.
properties of refrigerantasaturtion e

Sonsor at tr pressures and P
Set Figare 129, Sauaton condions
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cfrigerantshould have alow freczing
PO o e vapor et all times and
S neverbo n he sl sate ina re-
e on systm Ifa efigerant chnges
o idatnormal operaing pressires he

ipment will ot operate. A refigerant
&0 s low freezing point does not chinge.
T aliquid o a solid at the temperatures
3 ypical refigeration system.

‘A refrigerant should be nontosxic
Toxie materials can cavse ilness or death
i fnhaled or absorbed through the skin.
A refigerant should be nontosic becauso
effigerontcould escape when a system is
chargedorserviced and becauserefrigerant
Jeaks could occur during operation.

A refigerant should have 2 high cri-
cal poin. Crical point i te pressure and
{emperature above which a materal docs
notchange state regardles o the bsorption
arreection of heat. All efrigerants have
il poins. If a system operates vith a
igh pressureside close o the crtcal point
of the refrigerant, the cost of operation
will be high because the compressor must
dirulate the refrigerant against th higher
prssue, Forfficiency, system should op-
ente with the high-pressure sice far below
the ritcal pointofthe refgerant.

Specific volumei the volure o  sub-
stance per unit of the substance. The spe-
sifc volume ofa refigerant s the volume
in cubic feet) that 1 1b of the refigerant
Occupies at a given pressure. Inasystem at
Opersing pressures, a refigerant that has
High specificvolume oceupies more space
U & refiigerant that has a low specific
Yolume, Because circulating a lage vol-
Lme of refigerant requires more energy.
yperaiing asystem hat uses a refrigerant

it 2high specifc yolume costs more than
JPEIRng a system that uses 2 refrigerant
Vil low specific volume.,

o evolimefefigerat it conpres-
e st equired presures deteines
e o he compressor, A efrigeaion
e tat s a efigerant with o high
2 “;";Wlnnm requires a larger compres-
580 & refieraion syttt his &
BCTant with a low specific volue.

R-134a Refrigerant

enetron’

Honeyel hamicls
Fltgarantcoainers st et g, ancimarea it o sppreprits ard
Wi per OSHA 29 P 1910 12001Labls and Oihr Forme o W,

Density s the weight of  substance per
unit of volume. The density of a refiger-
antis the weight in pounds) of 1 cu fof
the refrigerant. Density is the reciprocal
of the specific volume at a given pressuce.

Ifa refrigerant has 2 low specific volume,

it will have a high density. A system that
circultes a high density rofigesant oper-
ates more effciently than a system that
circultes alow-density efigerant A cen

rifugal compressor, howener, is esigred.
to move large volumes of refrigerant at
celatively low pressures. If a refrigerant
withalow density i used ina system with
a centifugal compressor, the system will
operate inefficiently,
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a refigeration system with a pressure of
68.5 psig, atemperature of 40°F, and |
content of approximately 34.4 Brub, See
Figure 12-12. The boiling pointof R407C
at 68.5 psig is 40°F. The temperature of
the refrigerant remains at sbout 40°F as
it moves through the evaporator, Ai that
is about 80°F passes across the outside of
the evaporator and is warmer than the re-
frigerant inthe evaporator The rfrigerant
absorbs the heat and vaporizes,

‘The evaporator i large enough toallow
the refrigerant to completely vaporize be-
fore it leaves the evaporator. The reriger-
ant absorbs superheat inthe last few rows
of coisin the evaporator. Superhearis heat
added 10 & material afte it has changed
tate. The refrigerantleaves the evaporator
ata tempereture higher than the saturated
temperature for ts pressure, The refriger-
ant has more heat than if it is saturated
because of the superheat absorbed by the
refrigerant in the evaporator.
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‘The boiling point of the refrigerant on the
Tow-pressure side is 40°F. From the ex-
pansion device, the refrigerant enters (¢
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CHILLERS

A chiller is a component
i conditioning system thal
Which cools the ai, The chilled ¥
circulated to the cooling coils 03 b“:;-r
ing atabout 45°F, It increases 00Ut
through a cooling coil and is E7Y
10 the chiller at about S5°F 10 b€ 0.
again, The three basic types Of 110
high-pressure chillers, low-PressUc®
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See Figure 12-13,
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Because of the high cost of
cransand e cnironmenta
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ABSORPTION CHILLED
WATER SYSTEMS

An absorpion refrigeration s,
produces a refrigoration effect wh -
refrigerant absorbs heat as it vaporigey
and rejects heat as it condenses, Tp,
components of the system contro] (he
flow of the refrigerant, which produc.
es the refigeration effect. See Figure
12-14.

An absorption refrigeration system
works because the refrigerant is a lig-
uid under pressure, and as the pressure
decreases, it expands rapidly, vaporizes,
and produces a cooling effect. An ex-
ample of this cooling effect is a carbon
dioxide cartridge that is pierced. Frost
forms on the end of the cartridge as the
carbon dioxide escapes because, as the
carbon dioxide evaporates, it absorbs
heat from the end of the cartridge and
the airthat surrounds the cartridge. Inan
absorption refrigeration system, the 1
frigerant pressure is increases by adding
heat. The high-pressure liquid refrigerent
vaporizes and is sent to a low-pressur
area where heat is absorbed from 3
evaporating medium such as water-

Absorption refrigeration is used
air conditioning systems in large D4
ings or for small refrigeration SYS°™
in campers and motor homes. L&/%"
absorpton air conditioning syStemS 4
have a capacity of several hundred
of cooling.

The components of an
efrigeration system include
e, generator, condenser, V2P
circulating pump, and an orific ',
produce a refrigeration effec!
Figure 12-15, B
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High- and Low-Pressure Sides
An absorption reffigeration system b

alow-pressure side and 2 high-pressure

side. The low-pressure side includes thy
orifice between the condenser and the
evaporator, the evaporator, the absorber

and the refrigerant-absorbant solutiop

line that leads o the inlet of the cir.

culating pump. The high-pressure side
includes the circulating pump (solution
pump) discharge line, the generator,
the condenser, and the refrigerant line
that leads to the inlet of the orifice. See
Figure 12-16.

On the low-pressure side of an absorp-
tion system, the refrigerant expands as it
absorbs heat from the evaporating medium
in the reffigeration system. The pressure
decreases as the refrigerant recombines
with the absorbant in the absorber.

The high-pressure side of an absorp-
tion system contains the components it
remove heat from the refrigerant. The
pressure on the refrigerant-absorbast
solution increases t the circulating pUTP
discharge. The pressure increases Mot
When the temperature increases becats®
Of heat added in the generator. As (¢
pressure increases, the temperature O
the refrigerant increases. The temper®
ture of the refrigerant that enters 1°
condenser is higher than the temperatir®
of the condensing medium, allowi%é
Heat 1o flow from the refrigerant 10 t1°
<ondensing medium, The pressure Of the.
refrigerant controls the temperatvr
the refrigerant,

‘The pressure in the high-pressu!
©f an absorption refrigeration

re side
ystem
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{he pessure ofthe refrigerant
e refrigeration effect i produced in
e evaporator. The refrigerant vaporizes
in the cvaporator because the pressure in
s evaporator i low. The pressure s low
becauseofth low pressure n the absorber
The low pressure in the absorber i caused
by tieorifice.

o
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Heat Transfer

In an absorption system, heat is trans-
ferred from the evaporator medium (o
the refrigerant in the evaporator. The heat
transfer cools the evaporator medium,
which is used for air conditioning in &
building. Heat is transferred from the

refrigerant to the condensing medium in
the condenser, where the heat is exhausted
or used as auxiliary heat. Heat is added
bsorbant solution by

10 the refrigerant
the generator.

Heat transfer in a refrigeration system
occurs by moving heal from an area and
xhausting i fo another area. Liquid ro

rigerant s used 10 absorb tho hoat and.
iransferitto another area. To optmize heat
transfer n water-filed colls, he enlrapped
airmust be oliminated and effientair must
be created.
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Flaure 1216, Absorption refigeration systems have a low pressure Si%e

GartiorCarporaon

AEFRIGERANT PUVP

uRE SO
wPRESSVT e
A eresare

and a high pressure sice




image2.png
B T e

L ol
216 MEcHANGAL AN

Fxampls Finding Topot Rating
At g fred furmace bums 100
4 ol e s Find e
S umac, Mot Thehein.
el g 10 B

1R =100,00 B

Qupt raing (heating capacity)is the
s % (heating capact

- ebim ok
s o Tisccomponet s amage





image47.png
e

L AnicaL AND ELECTACAL

06 wec

N MANAGERS

e R CONSTRLSTE)

Find the heat of

RE- 10800779
iy

e figeaon st amountor S5,
I e = e e =
ot o

Theheaof eeeton nhect
found by appyine the following 07"
HR=l
where
HR= heaof ejetion (0B
= enthalpy of refrgerent €+

condenser (in Bu/D)

sl
o g





image48.png
10N MANAGERS
£on coNSTRLCT

ne gauge prossure
he oatonship botween
5. Wihere doos ot vansfer oo
10.Vinatconnectstre condenser
aitains 1o igh pressir
12 Desorng how wator rovides  rfrigoraron <
3. Descrbe now h number ass gned o
4. Hot has the Ciean Al Act of 1992 impact
080G wih efigerans?
15 What s ety
o

% 8. Expl
i 5o

e refngerant proertes -
el pon g pon S
2o Difronato btvena vo-tage compressin s

2209 ol iy . i
ltonship btveen dery ard 7

220 40 soion o
et o o





image49.png
aiioning 8YS"

4R CONDITIONING
; ing is the process of cooling.
4 fina ulding o provide a comfort
Sinperare. Anair conditioner i the
 poonentina forced-i ai conditioning
<yt thatcools the i A chiller is the
Soaponentin 4 hydronic air condition-
g s that cools water, which cools
e i An air conditioning system s the
aqsprent that produces a refigeration
e and disributes 0ol i or Waler (0
lding spaces. Air conditioning systems
eclasified by evaporating medium, con
desing medium, physical arrangement,
i ooling capacity:

Euorating Mediums
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Water. Water is used as an evaporating
‘medium when an air conditioning systemis
located ata distance from building spaces.

Cool water circulates from a cooler (o e
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o air in the building spaces.
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er The waters sprayed over a ll matrial
inside the tower The fll materia bregi
the streams of water in;

droplets. Thewatr droplts e copig by
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i
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Figurs 13-1,Cooling towers coolveter 0
USe na ater-cooled ar conditoning V%"

Jdraftcooling fowers acooling
10 a an located at the bottom
(hat forces a draf through the
“ndiced draft cooling lover s a
ikt A.'.‘,i:rl:{r that has a fan located at the
o hrough the ower. A hyperbolic
ng e er i a cooling tovier tha has
o taral drat movessi trough a
pepatolc cooling tover:
i and Water An evaporative conderser
e oth air and water as condensing
. I anevaporative condenser, air
e veth condenser ol and wateris
P sedonthecail Therefrgerant fowing
s hecol ejects et because o the
i passing over the oil, the water lowing
e the coil, and the water evaporating
o the surface of the coil. Evaporative
condensers remove heat more efficiently
{an i cooled or water-cooled condens-
s, Evaporation makes evaporative con-
densers more efficient. See Figure 13-2.

Aforee
ower it
ofthetover

Flgure 13-2.An evaporative condenser uses
£¥2p0ration o remove heat rom refrigerant.

By combining the two evaporating me-
::"“‘““ and the two condensing mediums,

* different refrigeration systems are
Possible. Air conditioners and chillers can
Wt et an air-cooled condenser or

-Co0led condenser, An air condition-
the evaporating medium. A

any application.

Physical Arrangamens

sieandayoutof g gty
Packageunis, andcombimio
amples of different Pphysical umngemcn:"

SPlitSystems. A siit systemisan air con.
ditioning system that has separate cabinets
for the evaporator and the condenser. The
eabinets are connected by refigerant lines,
Plumbing, and electrical conductors, The
evaporator of a splitsystem s located in-
sideabuilding,and the condenserislocated
‘outdoors. Ifthe evaporatoris ocated nside
the furace cabinet, thesame blowercan be
used to move cool air and warm air Split
airconditioning systems have the evapora-
{or in one cabinet and the condenser and
compressor in another cabinct. Some split
air conditioning systems have thee parts,
‘which are the compressor,the evaporator,
and the condenser See Figure 13-3.

ouTsioe
WALL~_

AlR-COOLED
CONDENSER |

L
Y
DU

PROPELLER /-
i/

Figure 13-3,The evaporator and condenser of
are enclosed in separate cabinets.

The mjorcomponenisof a9l sysem
hcomponentof a
must be compatible. Eac]

splitsystem i designed o have the same

is in the
acity as the other componen!
e Bipment specifcaton shecs

ater as the evaporating me-  system. EQuil it e
= “be the cquipment an i
four systems can be arranged ::f:d equipment that are compatble.
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stalled by the manufacturer ConlToLS OPEE-
st the components ofa packaged unit. The
thermosttand other emote controls MUSt
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unitis installed.
Aircooled packaged unis use it &
the condensing medium and are nommally
insalled outdoors. Air-cooled packaged
unis ake in ambient ai from ouidoors
and exkaust the air outdoors. An ai dis-
ribution system thet consiss of ductvork
runs from an aircooled packiged utit (0
building spaces
Amofiopunitis ansi-cooled packaged
unitthatislocated on the oof of abuilding.
Rooftop units sav building space. See
Figure 13-4, I the ductwork ina building
s installed under the foor or if access o
the ductwork from the roof i ciffcult, a
unt may be located on the ground near
the building.
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Water-cooled packaged units
s thecondensing medium, Wager 0™
packaged units can be installeq y o
Sapply water and & Wastewater o
available. Water-cooled packageq 3"
ae ofien located nside a building .
usinganir-cooled unit would be g
Water-cooled packaged units are gp.
single-zone units, which cool ,\pm;”
2one in a building. A zone is q specie
section of a building that requires »:,,;‘
rate temperature control. Zones o oy
known as modules. When a watercoqjsy
packaged unit is located in u zone, Jo.
piping s required than foran entire byijg.
ing. A large building with several zone,
may have several packaged water-copleq
unies. This method of cooling i knowngs
modular cooling.

€ Vatey

Combination Units. Buildings that re.
quire cooling in the summer and heating
in the winter require combination units.
A combination unit is an air conditioner
that contains the components for cooling
and heating in one sheet metal cabinct.
Power lines, fuel line connections, and
control connections are provided. Most
‘combination units are air-cooled and are
located outdoors.

The cabinet of a combination unit is.
divided into two sections. The heating unit,
evaporator, and blower are in one section,
and the condenser and compressor ae it
the other section, See Figure 13-5. Tkt
and outlet air louvers are located in the
condenser/compressor section. An iniak®
airlouver and an outlet for fiue gas axe 1152
located on the combination unit cabinet

Combination unis are usually 10645
onthe roof of a building but sometimes o'
the ground near the building. The loci%"
of the unit depends on the location 0f
ductwork in the building, One combin2i%%
unit may be used on a building 07 SV
combinaton unis may be used formedl%
applications. Because a combinatio® 3 o
controls heating and cooling, air 4571
tion systems for heating and co0lin®
used. Single duet or double duct 535
are used with combination units:

gl ductsstemn s an i isrbu-

A STt consists of a supply duct

o SPSE0 oth cool airand warm ar and
patci

o et that returs theair. When the
e

s forcooling, the combing-
{ssibutes cool irto the building
ughthe supply duct When the
w’:nis”::’cflls for heating, the combina-
o s tirough te supply duct. The
It return the i 1 th heating
o copling unit
O bl ductsystem s an it isribu-
onsytem that conssts of a supply duct
o earies coola and a supply duct that
s Hented ar: Mixing boxes mix th ic
ks foreach zone orbuilding space.
A mising box s & sheet metal bor that is
Stached (0 thecool air ductand the warm
i duct. Openins in the side of the box
Connctwiththe ducts, Dampers n the box
‘st conroled to introdiuce both warm and
coolirand mix them i the proper propor-
ion o provide  certain temperature.

ari
m du

ion !

Cooling Capacity

Air conditioners produce a given cooling
capacity, which is expressed in Btu per
Houcorin tons of cooling. A ton of cooling
equals 12,000 Buw/hr, Al conditioners arc
rated in Btu per hour of cooling at certain
sandard conditions and are given a nomi-
malsize in tons of cooling. Nominal size is
::. cooling capacity of an air conditionerin
e lour founded to the nearest ton or

on of cooling. See Figure 13-6.
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COMBINATION UNITS

|~ VAPORATOR

2 \-HeATG
- \-slowen  SECTION
convnsen
coupresson

RESIDENTIAL

Lomox e, e

HEATING
Secrion

coounG
Seerion,

Mouay Intomatosl

COMMERCIAL

. :;:xl! air conditioners have cooling
i hm:x of less than 1 ton of cooling
200Ut 2 tons of cooling, Window and
B kfgme,_wmaircandiuummsmau
°n=mnm“m’s‘ Small package units cool
€ clegyea ime and can e comnected o
Yok ‘cal system in most buildings.
Colng o128 ait conditioners have
oy TRGIUES Of 15 tons to 7.5 tons
are o Medium-size air conditioners
gy ¢4 10 ductwork and cool entire
Gl iy <118 homes or small commer-
s lings. Mediumsige i condtion:

Figure 13-5. The cabinet of & combination unitis divided ino two sector

‘Belore ‘Blu per hour was used to indcate
coaling capacily. the cooling capacily of
arigeration unis was [ndicaled as “tors of
religeration” A ton of refrigeration s equal
o the amoun of heat enery absorbed
\when a fon (2000 Ib) of ice melts during @
24-hour period.

e
Sither package or split systems.
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Operating Conirols. Operating controls
anaircondiopersand fumaces ae Similar
Opering contols rgulte he operation
of st conditioner components by cycling.
equipment ONor OFF. Esch componentof
anairconditoner mustfunction separately
‘when combined withothercomponents for
proper performance, Operating controls
include transformers, thermostats, blow-
er controls,relays, contactors, magnetic
starers,and solenoids.See Figure 13-8.
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complete. When the temperatue gy
thermostat alls below a setpoint, te o
‘mostat opens a switch (0 open mac\emc:i
circuit. The system turns OFF when
cireuitis open. The setpointis the tempery.
ture at which the switch in the thermogtz
opens and closes. The setpoint on mas;
thermostats can be changed manually

A relay is a device that controls the fiow
of electric currentin one circuit (load circu)
with the electric current of another circuit
(control circui). Relays are used n con
circuits where a low-voltage circuit s el
to control aline voltage circuit. Electrome-
chanical relays, contactors, and magretc
starters are used in air conditioners.

‘The condenser blower motor on sml
air conditioners is wired in parallel vilh
the compressor motor so that the condens
blower and compressor motor run & ¢
same time, The relay, contactor, 0 M3
netic starter that controls the compreS™®
also controls the condenser blower.In 5%
air conditioners, the condenser DI
may have a separate contactor or g1
starter, butthe control coilis wired
Jel with the control coil on the comP™*Y
starter, The compressor and cond’™
Blower sill run a the same tme:

The evaporator blower s conol%®

ey
5

e-acty gy

a separate relay, contactor, of ML,
starte. The relay is actoated bY & 5
from the thermostat. Most co0li"8

mostats are wired to the bIOWET
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whenever the
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ot % fo consantoperaion
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Hower
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electrical circuit with another.
O enoid, an electtomagnet positions
 ovable core that opens or closes a sct
ontacs, The contacts are wired info a
it so the circuit opens and closes as
o switch is energized and de-energized.
A solenoid coil is energized by the control
it ofan i conditioner. The contacts on
a solenoid are wired into the Ioad circuit.
Safety Controls. Safety controls on an air
conditioner shut the unit OFF o prevent
damage o the components i case one of the
‘components malfunctions. Because the com-
‘panents of an air conditioner are interrelated,
{he ilure of one component can cause dam-
sgetothe others. The safety controls in an air
conditioner include pressure switches.

A pressure switch is an electric switch
that contains contacts and a spring-loaded
lever arrangement. The lever opens and
closes the contacts. The lever moves ac-
cording (o the amount of pressure acting on
adiaphragm or bellows element. A change
in the pressure of the refrigerant in the
system moves the diaphragm or bellows
element. This movement of the diaphragm
orbellows is transmitted to a lever arm by
;’;i‘;"\::;l linkage Theswichis wirdin
S it the devies in the clctial

perates the compressor.
ljs:;:-: switches are automatic when
i in the pressure- SVI{ILh automat-
g e hen he pressure i hesysem
ik dt;rmxl or the pressure switches
Toopmanually reset switches requiring a
€ian (0 close the contacts. On most
BreSsute switches, the setpoi
0 i B sipoint emperature

T adjusted separately.
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iy s AR pressur i the system

iy oo 8 0 ow pressures, Lu-

Byt prgar PRSI switches ae actuated
SULe of the oil in equipment.

Jay may also be actuated when-  the refigerant pressure
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A high-pressure refrigerant switch is

connected 1o the high-pressure
rator blower and compressor outletofthe comp
ed in paralll, the evaporator _refigerant switch shuts thesysins el

hot gas discharge
ressor. The high-pressure.

-omes 100 high.
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igure 13.9,
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Figure 13-9. High-and ow-pressure switches
shuta compressor OFF when the refigerant
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Unit ventilatorsare often used i buildings
such as schools and apartments that hold
large number of peaple and require constant
ventilation. See Figure 13.18,
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Figure 13-17. Cabinet air conditoners have.
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cabinet.
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Figure 13-18, Unitventialors have an open-
ing o the outdoors that admits resh ai.

Duct Coils. A duct coil s  erminal device
{hat is located in a duct. A is supplied
{0 the duct from a blower that may be re-
motely located. Duct cails are often used
when acentalchiller provides cooing (0
separatezones n  bulding. Bach 201
the building has duct coils and a con
system. See Figure 1319
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Unit Air Conditioners. A un air condi-
tioner s a self-contained ir conditioner
that contains a coil and 2 blower in one:
cabinet. Some uritarconditioners do not
require ductwork. Uit air conditioners
are similar o unit heaters. A propeller
fan moves theairoutofthe utle through
louvers. See Fgure 13-20, Uit air condi-
tionersare often sed inindividual rooms.
or z0nes when controling an individual
space s importnt,

Achiercooly

lorming
s W e eyt

coNTROLS \
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Figure 13-20. Unit alr condtioners are
contained air conditioners that containa col
and a blower in one cabinet.

TROUBLESHOOTING AND
SERVICING AIR CONDITIONING
SYSTEMS

To troubleshoot and service air condi
ioning systems, an individual must b¢
familiar with the complete system. M}
times a faulty component causes pro>
lems in other components in the S
Most of the major devices in an if <
diioning system are made up of s7lt
components. For exampl, a centiE!
chille includes an evaporaor (<007
a condenser, a compressor, & IS
device,and controls. The conirols 1
switches, relays, sensors, timers:
printed circuit boards.

Tools and Supplies ]
Using good quality test instmumer™ oy
atc accurate and dependable 5 1A,
When troubleshooting air <0710 g
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