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PREFACE 
The focus of this m anual is p laced on the field servic ing of residential and light commercial HVAC equipment. 
Emphas is is placed on th e "hands-o n" use of the service instruments and how to perform the service procedures, 
rathe r than on re lated theory or scientific principles. The field-proven servicing procedures described provide 
an invaluable resource for both the entry-level and experienced service technician. This -is especially true 
wh en looking for alternative or up-to-date methods for performing a particular serv ice task. Unlike many 
other manuals written about servicin g HVAC equipment, this manual encompasses all areas of service, including 
the mechanical refrigeration system, electrical system, and a ir d istribution system. A ll the material in this 
manual reflects the current EPA requirements of Section 608 of the Clean Air Act. 

T his manual has been designed as a field companion to be carried with you in your truck an d on the job. 
Some of its fea tures include: 

• Spiral binding to a llow both hands free when following procedures. 
• The binder and pages are sturdy enough to withstand the rigors of field use, and p rinted 

on wipe-clean paper th at resists grease and dirt. 
• All safety and oth er important information is highlighted in red. 
• A ll sections of the manual are separated by dividers for quick cross-referencing. 
• Each section divider contains an alphabetical index of section contents. .--
• The f irst page of each section contains a complete Table of Contents for the section. 
• A ll sectio ns of the manual are liberally illustrated for easy use on the job. 
• Service procedures are presen ted in an easy-to-use tabular format that is keyed to 

suppon:ing illustrations, with a ll the tables and illustrations on facing pages for easy reference. 
• The serv ice procedures provide references to tl:le detailed description s contained in Section 1 

for each instrument or device used in the procedure. 
• Glossary of Terms artd Pressure/Temperature Charts are included in the back of the manual. 
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'Wr SECTION 1 

T INSTRUMENTS AND DEVICES 
INTRODUCTION 
This section contains brief descriptions of the instruments and devices commonly used in servicing residential and light commer­
c ial a ir conditioning systems. Its purpose is to familiarize the entry-level service technician with these instruments and their uses. 
The experienced service technician will find this information useful when considering alternative service procedures, or when 
purchasing new service instruments. 

When particular features of instruments are discussed, it is intended as guideline information only an d is not an endorsement or 
recommendation of any manufacturer. The instruments covered in this section are readily available for purch ase and are com­
m only used in t he fie ld. 

To he lp you reference between section s, each instrument has been assigned an item number. For example, if you are using a 
procedure in Section 4 and need mo re information about one of the test instruments referenced there, the item number will help 
you to quickly find the information in this section. 

CONTENTS 

Refrigeration System Service Instruments and Devices 
Gouge Manifold Set (Item 1 ) 
Thermometer (Item 2) 
Psychrometer (Item 3) 
Refrigerant Recovery and Recovery/ Recycle Units (Item 4) 
leak Detector (Item 5) 
Charging Cylinder/Charging Scale (Item 6) 
Vacuum Pump (Item 7) 
Vacuum Gouge/ Indicator (Item 8) 
Test Kit - Acid/Moisture (Item 9) 

Eledrical System Service Instruments and Devices 
AC Clamp-On Ammeter (Item 1 0) 
Volt-Ohm-Milliammeter (Item 11 ) 
Capacitor Tester (Item 12) 
Hermetic Compressor Analyzer (Item 13) 

Air System Service Instruments and Devices 
Anemometer (Item 14) 
Velometer (Item 15) 
Psychrometric Chart (Item 16) 
Hygrometer (Item 17) 
Manometers and Pilot Tubes/ Static Pressure Tips (Item 18) 
Mognehelic® (Differential Pressure) Gouge (Item 19) 

~ Figure 1-1. 
Standard Two-Valve Gauge Manifold Set 
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REFRIGERATION SYSTEM SERVICE INSTRUMENTS 
AND DEVICES 

Gauge Manifold Set (Item 1) 
The gauge manifold set (Figure 1-1) is one of the most common 
items of service equipment. It is used to monitor the low-side 
and high-side pressures in an operating system in order to evalu­
ate system performance. When installing new systems or 
servicing existing systems, th e gauge manifold set is regularly 
used to route and cont rol the flow of refrigerant, refrigeran t oil, 
or other acceptable fluids or gases to and from the system. Typi­
cally, this is required for tasks such as leak testing, evacuation 
and dehydration, adding or removin g refrigerant, and other ser­
vice operations. 

The standard two-valve gauge manifold set consists of two 
pressure gauges mounted on a manifold assembly. 

A compound gauge mounted at the left side of the manifold is 
used to measure system low-side (suction) pressures, including 
lower-th an -atmospheric pressures. The com pound gauge is nor­
m ally calibrated to measure system pressures in the range of 0 to 

120 psig an d vacuums from 0 to 30 inches of mercury (in. H g) 
vacuum. A high-pressure gauge at the right side of the manifold is 
used to measure system high-side (disch arge) pressures. It is typi­
cally calibrated to measure system pressures in the range of 0 to 
500 psig. Most pressure gauges supplied on gauge manifold sets 
are marked with scales calibrated according to the evaporating 
temperature of common refrigenmts. This feature gives the tech­
nician a choice from referring to pressure-temperature tables and 
curves to determine the correct temperature relationships for the 
various refrigerants. Figure 1-2 sh ows a two-valve gauge manifold 
set connected to measure system pressures. 

Two-valve gauge manifold sets have two hand valves and 
three hose ports. The han d valves route the flow of refrigerant 
to and from the system during servicing. 

HVAC SERVICING PROCEDURES 1 
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The h ose ports a re connected to the system be ing serviced 
a nd/or other service instruments thro ugh a set of e nv ironmen ­
ta lly safe h igh -pressure service hoses. To comply with clean air 
n on-venting requirements, it is desirable that these h oses be 
equipped with self-sea ling fi ttings that immed iate ly trap refrig­
e ran t whe n disconnected. 

Most gauge m anifo ld sets and service h oses are color coded. 
Blue identifies th e low-pressure c om pound gauge, h a nd valve, 
a nd related h ose po rt. A b lue service hose is n orma lly connected 
between the manifo ld low-pressure hose port an d th e equip­
me n t suc tion serv ice valve. R ed marks the h igh -pressure gauge, 
hand valve, an d hose po rt. A red serv ic e hose is n ormally con ­
n ected be tween th e man ifo ld high -pressure h ose parr and th e 
equipment disch a rge service valve o r liqu id line. The center 
h ose po rt is the utility port. T h is port is norma lly connected 
th rough a yellow service h ose to o ther service instrumen ts o r 
devices. 

Gauge manifo ld sets are also available with four hand valves 
a nd rela ted h ose ports (Figure 1-3). This type of manifo ld can 
reduce service t ime by e liminating th e need to switch the utility 
h ose between service d evices. Four-valve manifolds and related 
serv ice h oses are co lo r coded as fo llows: blue (low pressure) , red 
(h igh pressure), yellow (ch a rging) and black (vacuum). 

H igh -capacity evacuation gauge m anifold sets w ith larger 
ports a n d shorter, larger-dia meter serv ice h oses to speed up the 
evacuatio n process are a lso avai la ble . ln addition , there are a lso 
gauge manifo lds design ed specifically fo r use with heat pum ps. 
T hese h ave two high -p ressure gauges inst ead of on e, e liminat­
ing the n eed to switch hoses between the liquid a nd vapor tube 
serv ice ports whe n ch an ging between th e cooling and heating 
modes. D igital (electronic ) gauge m anifold se ts a re a lso avail­
ab le. They use liquid c rystal display {LC D) indicators instead 
o f a n a log gauges to d isplay th e syste m pressure readouts 
(Figure 1-4). 

The gauge manifo ld set is a precise measuring instrume n t 
and its accuracy is cr it ical to co rrect servic ing. T h e technic ian 
must insure that the gauge manifo ld se t is always handled with 
care. The "0" rings in the hoses an d the calibration of the gauge 
manifold set sh ould be ch ecked regularly. 

Thermometer (Item 2) 
Thermo me te rs are used to measure tem pera tures for a variety 
of H VA C serv ice tasks. The thermo me ter is frequently used to 

determine the suction line o r liquill line temperatures wh en 
ch arging cooling systems. T h ese measure m en ts are important 
because the proper calculation a nd adjustment of the super­
heat o r subcooling tem pera ture is critical to determinin g th e 
correct system ch arge. Another common use for the thermom­
eter is to measure re turn a ir an d supply a ir temperatures to 

dete rmin e the te mperatu re difference for th e purpose of de ter­
mining th e a irflow rate in a system. 

2 HVAC SERVICING PROCEDURES 

T Figure 1-2. 
Two·Vo lve Gouge Manifold Set Used to Toke Pressure Readings 

T Figure 1-3. 
Four-Volve Gouge Manifold Set 

T Figure 1-4. 
Gouge Manifold Set with Digital Readout 
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" Figure 1-5. 
Common Thermometers Used to Service HVAC Equipment 
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When seleding sensor probes for electronic thermom­

eters, keep the following in mind: 

" Figure 1-6. 

Thermocouple probes tend to be rugged and in­

expensive. 

Thermistor probes are faster-oding and produce 

higher outputs than RTD probes. 

Of the three types of probes, RTD probes usually 

provide the most stable, accurate, and linear 

readings. 

Sling Psychrometer Used to Measure Wet Bulb ond Dry Bulb Temperatures 

WET BULB 
TEMPERATURE 
("F. WB) 

WICK DRY BULB 
TEMPERATURE 
(•F. DB) 

Shown in Figure 1-5 are the various types of thermometers 
commonly in use. Included are simple pocket-style bimetal 
dial-indicator a nd d igital thermometers and two versio ns of elec­
tronic thermometers. In addition to the examples shown, many 
other special-purpose thermometers are a lso available. Ther­
mometers come in a variety of temperature ranges based on 
their intended use. For heating and a ir condition ing wo rk, th e r­
mometers covering the temperature range of -40° F to 180° F 
or 0° F to 220° F are commonly used. Because pocket-style 
b imetal thermo meters can be inaccurate and difficult to read, 
the use of electronic thermometers is advised for obtaining the 
most accurate temperature readings. 

Electronic thermometers may have severa l different sen sor 
probes to cover d ifferent te mperature ranges. Sensor probes used 
with e lectronic thermometers are n ormally thermoco uple, ther­
mistor, or resistance temperature d etector (RTD) p robes. 
Thermoco uple probes convert heat into low-level DC voltages 
that produce the temperature reading on the elect ronic thermom­
eter. Thermocouple probes tend to be rugged and inexpensive. 

Thermistor and RTD probes have sensing elements in which 
the resistance varies depending o n the applied h eat. The ther­
mometer c ircui t translates the resista nce into a tem perature 
value, which is displayed on the meter. Thermistor probes tend 
to respond more quickly a nd produce higher outputs than RTD 
probes. On the o ther h and , RTD probes usually provide more 
stable, accurate, and linear readings than eith e r the thermo­
couple or thermistor probes. 

Digital multimeters (!rem 11, page 11) equipped with ther­
m ocouple and/or th e rmistor probe accessories can also be used 
to make temperature measurements. Infra red temperature sen­
sor accessories that can be used with digital multimeters are 
also available. These sensors can read the surface temperature 
o r refrigerant line temperature just by pointing the sensor at 
the surface or line. 

Psychrometer (Item 3) 
Psych rometers conta in two identical thermometers, one to m ea­
sure the dry bulb temperature and o n e to measure the wet bulb 
temperature. T he sen sing bulb of the wet bulb the rmometer is 
covered with a wick, which is saturated with distilled wa ter 
before rakin g a read ing. Evaporation occurs a t the wick of the 
wet bulb thermometer, g iv ing it a lower temperature reading. 
The wet and dry bulb temperatures c an be used to find the rela­
t ive humidity of the measured air using either a built-in chart 
o n the psych rometer or a separate psych rome tric c h art. 

Sling psychrometers (Figure 1-6) are often used when servic­
ing a ir conditioning equipment. One use is to measure the wet 
bulb temperature ofthe indoor a ir entering the indoor coil ( evapo­
rator) . Wet bulb temperatures rake into account the latent hear 
load in the indoor air and give a better indication of the load on 
the indoor coil. To get an accurate wet bulb temperature mea­
surement, the s ling psychrometer must be spun rapidly in the ai r 
being tested . 

HVAC SERVICING PROCEDURES 3 
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Another use of the sling psychrometer is to measure dry and 
wet bulb temperatures in o rder to determine the room tem­
perature and percent re lative humidity (RH). R elative humidity 
is measured to determine the level of environmental comfort 
in the various rooms of a h ouse o r o ther conditioned space. 
Proper control of RH is also critical to many commercial and 
ma nufacturing processes. Most people feel comfortable when 
the indoor temperature and h umidity condition s fall within 
certain ranges called comfort zones. For winte r, temperatures 
between 67° F a nd 76° F and a n RH of about 30% are consid­
ered comfortable. For summer, the comfort zone is between 72° F 
and 81° F with a n RH of about 40%. Properly-controlled tem­
perature and humidity conditions are important to in sure 
comfort and health in a ll seasons. Proper control of these con­
d itio n s a lso h e lps to reduce the load o n cooling and hea ting 
equipment. 

Squeeze-bulb and battery-opera ted aspira ting psych rometers 
(Figure 1-7) are used in confined spaces where a sling psychrom­
eter would be difficult to operate. The squeeze-bulb aspirating 
psychrometer works by rapidly squeezing the bulb to draw air 
over the thermometers. In the battery-operated versio n , a fan 
draws a ir over the thermometers. 

Refrigerant Re(overy and Re(overy / Re(yde Units (Item 4) 
Use of recovery/recycle units (Figures 1-8 and 1-9) is required 
by U .S . Env iro nmenta l Protection Agency (EPA) regulation s. 
Technicians who service and dispose of a ir condi tioning and 
refrigeration equipment must recover the refrigerant instead of 
venting it to the a tmosphere. With the exception of extremely 
sm a ll re leases of refrigeran t such as occurs when disconnecting 
service h oses, a technician who knowingly releases or vents 
refrigerant to the atmosph ere is in violation of this EPA regula­
tion. Before opening any system for service or repair, the 
refrigerant must be collected using an approved recovery 
device o r the charge must be isolated in another part of the 
system. To insure compliance, EPA regulations require th at con­
tractors who perform on-site recovery o r recycling of refrigerant 
certify that they own and are properly using cerrified recovery 
or recycling equipment. 

The descriptions g iven in the following paragraphs empha­
s ize the recovery and recycle uni ts used mainly to service 
residential and small commercial air conditioning and refrigera­
tion equipment. When servicing larger commercial systems such 
as centrifugal c hille rs, different recovery and conta inment 
devices a re used because of the larger volumes of refrigerant. Ser­
v ice training materials on recovery/recycle devices for large 
systems are readily available. 

R ecovery and recycle units are available in various sizes, 
types, and prices. They can be stand alone recovery or recycle 
units or combined into o n e unit that accomplishes both 
functions. 

4 HVAC SERVICING PROCEDURES 
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T Figure 1-10. 
Separate Recovery and Recycle Units Connected os Recovery/ Recycle Unit 

RECOVERY 
UNIT 

T Figure 1-11. 

--...RECYCLE 
UNIT 

Recovery/ Recycle Unit Connected for Recycle Operation 

SERVICE 
GAUGES 

As shown in Figure 1-10, man y stand alone recovery and 
recycle units are designed so they can be connected together to 
form an integrated recovery/recycle unit. 

Recovery units by themselves do not provide for any clean­
ing or filtration of the refrigerant. T hey are used at the job site 
to remove (recover) refrigerant from a system and store it in an 
approved external container. T he normal procedure is to test 
the recovered refrigerant for moisture and/or acid to determine 
if it can be reused in the same system as is, or if it needs to be 
processed through a recycling unit to remove con taminants 
before reuse. 

Recycling is typically performed using single or multiple 
passes through filter core driers or similar devices that remove 
moisture, acid, and particles. F igure 1-11 shows a recovery/ 
recycle unit connected for recycle operation. After the refriger­
ant is recycled, it may be returned to the same system or to 
another system belonging to the same owner. Combined 
recovery/recycle units perform a ll the processes described for 
both recovery and recycle units. 

When selecting a recovery or recovery/recycle uni t , make 
sure it can perform the functions needed for your particu lar ser­
vice application. Once recovery/recycle equipment is obtained, 
maintain it according to the manufacturer's instructions, espe­
cially with regard to changing filter devices and draining o il. If 
the equipment is used to recover d ifferen t types of refrigeran ts, 
it m ust be properly serviced to avoid refrigerant mixing. 

Some of th e standard features of recovery/recycle units used 
in residential and light commerc ia l applicatio ns a re : 
• The ability to process R- 12, R-22, R-500, R-502, and/or 

R-134a refrigerant as a liquid or a vapor. 
• The ability to test refrigerant for moisture and acid 

contamination. 
• Processing time (rate of recovery) of 1.5 to 3 lbs. of vapor/ 

minute or 3 to 5 lbs. of liquid/minute. 
• Refrigerant recovery efficiency range of 80 to 96 percent. 

The maximum recovery efficiency is the percentage of 
refrigerant that the equipment is capable of recovering from 
a unit. It is directly related to the depth of vacuum that the 
unit can achieve. Units that can evacuate a system to a nega­
t ive pressure as low as 20 inches of mercury ( in. Hg) are 
common. 

• Reusable refrigerant cylinder capacity of at least 50 lbs. and 
automatic shutoff when the cylinder is 80 percent fu ll. 
Hermetic, reciprocating, or rotary comprc sor. 

• Power input of 110 to 120 YAC. Easy operation in manual 
mode. Many are available with automatic microprocessor­
controlled operation. 

• Handles/lifting bars and wheels that make the unit easy to 

transpon in and out of service rrucks and work sites. Most 
recovery/recycle units typically weigh between 75 and 
160 lbs. Individual recovery or recycle units weigh about 
50 lbs. 

HVAC SERVICING PROCEDURES 5 
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Leak Detector (Item S) 
One of the most common proble ms en countered wh en servic­
ing a ir condit ion ing or heat pump equipment is refrigerant loss 
due to leaks. Leaks usua lly result from poor in stalla tio n prac­
tices, physical damage, o r factory defects. Often these leaks a re 
very tiny, a llowing m inuscule quantit ies of refrigerant to con ­
tinuously escape to the atmosphere without giving an y sound 
or visual sign to aid in detection. Leaks result in steadily dete­
riorating system performa nce and may eventually cause the n eed 
for a costly repair. In addition to poor system performance, dam­
age to the environment will be caused by the release of CFC 
and H CFC refrigerants into the a tmosph e re. 

Leak detectors l ike the one shown in Figure 1-12 are 
used to: 
• Check for small leaks after making a major repair to 

a system. 
• Check for leaks before evacua ting a system because mois­

ture can enter the system through the leak during evacuation 
or pumpdown. 

• Check for leaks when the required vacuum level cannot be 
achieved while evacuating a system. 
M a ny types of leak detectors a re available , including simple 

bubble solutions and detection instruments such as h a lide torch 
detectors, e lect ronic leak detectors, ultrasonic leak detectors, 
a nd ultraviolet lamp and fluorescent-additive detectors. Because 
leak detectio n is so impo rtant and refrigerant leaks in a system 
can be very tiny, sensitive leak detection instruments are usu ­
a lly required. Leak detectors are available for systems using CFC, 
H CFC, o r HFC refr igerants. (See Section 3 for specif ic infor­
mation about CFC, H C FC, and HFC refrigerants.) For m any 
reasons, including price, accuracy, and ease of use, the elec­
tronic leak detector is used by most technicians who service 
residentia l and light commercial systems. Figure 1-13 shows 
typical electronic leak detectors. 

Electronic leak detectors gen e ra lly consist of a probe con­
nected to a control unit. They h ave an air pump that draws 
sample a ir through the detector tip and over the sensing ele­
ment. When leaking refrigerant is detected , the electronic 
detector sounds a n audible alarm or generates a bright flashing 
light at the probe tip, o r both. Features to look for in an elec­
tronic leak de tector include: 
• The ability to sense leaks in contaminated areas. 
• Leak sensitivity that detects 1/2 oz. per year. 
• Battery-operated; instant warm-up if 115 VAC powered. 
• A ud ible an d visible leak ind icators. 
• Sen sor not contaminated by large doses of refrigerant or other 

gases such as nitrogen. 
• Long flexible probe for hard-to-reach areas. 
• T he ability to detect a variety of refrigerants with little o r 

no modification. 

6 HVAC SERVICING PROCEDURES 

T Figure 1-12. 
Electronic Leok Detector Used to Check for Leaking Refrigerant 

T Figure 1-13. 
Electronic Leok Detectors 
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T Figure 1-14. 
Charging Cylinder Used to Charge o System 

T Figure 1-15. 
Electronic Charging Scole 

QUICK NOTE 
Did you know that some state and/ or local Bureaus 

of Weights and Measures require that the calibration 

of your charging scale be certified? Regardless of 

whether it's a law or not, it's just good practice to 

have an accurately calibrated scale. 

I cAUTION • I 

Charging Cylinder /Charging Scale (Item 6} 
C h arging cylinders and scales are used to insure that the cor­
rect amount of refrigerant is measured into a system when it is 
being charged. Charging scales are often used when recovering 
refrigerant from a system in order to determine the exact amount 
that has been recovered. Use of a particular charging cylinder/ 
scale is determined mainly by the type and size of the system 
being serviced. Since the operation and efficiency of the refrig­
eration system depends on h aving a proper ch arge, the most 
important feature to be considered when selecting a charging 
cylinder/scale is its accuracy. 

Graduated charging cyli nders (Figure 1-14) are used for 
charging refrigerant into smaller systems whose charge is stated 
in ounces or a few pounds and ounces. The charging cylinder 
has marked graduations and a visible column of liquid refriger­
ant so that the liquid level can be observed as it drops during 
charging. On top of ·the cylinder is a pressure gauge used to 
determine, by pressure-temperature relationships, the tempera­
ture of the refrigerant in the cylinder. Most cylinders have heaters 
in the bottom to keep the temperature and pressure of the refrig­
erant from dropping as refrigerant is being removed from the 
cylinder. To maintain the accuracy of a system charge, the charg­
ing cylinder selected should be large enough to ho ld the full charge 
of the system being worked on. 

Electronic charging meters (scales) can be used to charge 
both small and large systems by weight. The scale used must be 
matched to the system size. For example, a scale used to charge 
residential and light commercial systems must be accurate to 
within an ounce. Also, be sure the scale weighing platform 
mechanism is strong enough to h and le the maximum size 
refrigerant cylinders you intend to use. 

Electronic scales (Figure 1-15) and programmable, fully 
automatic charging scales are available. Depending on the model 
and its intended use, charging scales are calibrated to weigh 
refrigerant in pounds, ounces, kilograms, and/or grams with an 
accuracy of about ±2 percent. Typically, they display the cylin­
der/refrigerant weight using a five-digit LCD display, sensitive 
to 1/2-ounce resolution. Programmable models contro l the flow 
of refrigerant. They can be set to automatically dispense a pre­
set amount of refrigerant and tum off wh en the preset amount 
is reached. Most have a hold function that in terrupts chargin g 
if the refrigerant cylinder empties before the full system charge 
is reached. 

Vacuum Pump (Item 7) 
Never u se a converted refrigerant c01npressor or t h e 
system c01npressor as a vacuum pump. 

Air conditioning and heat pump systems are designed to 
operate with only refrigerant and oil circulating within them. 
New field-piped systems and systems that have been opened 
for repair may be exposed to moisture and oth er contaminants. 
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These syste ms must be evacuated and deh yd rated befo re they 
are placed in operation (Figure l - 16 ). If deh ydration is n ot per­
fo rmed properly, safe opera tio n and the life expectan cy of the 
syste m will be jeopardized. 

The vac uum pump (Figure 1-1 7) is a motor-d riven pump 
used to evacua te (remove) th e air and othe r n o n-condensible 
gases from closed air conditio ning and h ear pump systems an d 
refrigerant storage cylinde rs. Vacuum p umps rem ove a ir by 
pumping the system down to a pressure belo w atmosphe ric pres­
sure ( 14.7 psi) . If the vacuum pump is operat ed so th a t deep 
levels o f vacuum are obta ined in the system , water will also be 
removed (dehydrated) as a result of the water boiling and evapo ­
rating. A deep vacuum satisfactory fo r dehydrating a syste m is 
conside red to be any a bsolute pressure of 500 m icrons o r below. 
500 microns is about equal to an absolute pressure of 0 .02 inches 
of merc ury (in. H g) absolute , which is a vacuum reading of 29.90 
in . H g vacuum. 

A qua lity vacuum p ump is a must fo r the service techni­
cian. A good pump is capable of evacuating a system down to 
29.90 in. H g vacuum (0.0 2 in. H g absolute o r 500 microns). 
lviost use a direct drive, two stage, rotary-type vane pump driven 
by a motor with therma l overload protectio n. They usually h ave 
an o il level s ight gauge, easy-to-fill o il port, and a n o il drain. 
Pumps sh o uld h ave a sole n o id-operated inle t line shutoff valve 
that prevents loss of vacuum pump o il if th e pump input power 
is disconnected when the system is un d er vacuum. A gas ballast 
betwee n th e pump's first and second stages is desirable to pre­
vent some of the mo isture fro m conden sing in th e vacuum pump 
crankcase. 

Vacuum pumps n eed pe riod ic ma intenance. Since the o il 
in the vacuum pump becom es contamina ted through nonna l 
use, it is a good prac tice to c h a nge the o il after every 10 hours 
of pump operation, and always immedia tely after pumping down 
a wet o r contaminated refrigeration system. 

Vacuum Gauge/Indicator (Item 8) 
The vacuum gauge/ indicator is used to measure lower-than­
atmospheric pressures (vacuums). A n accurate vacuum gauge 
is needed to measure the 500-micron deep vacuum leve ls th at 
must be achieved to properly e vacuate and deh ydra te a ir con ­
ditio ning and h eat pump systems. 

Even though the compound gauge o n a gauge manifold set 
is c apable of measuring a vacuum, it sh ould not be used for t h is 
purpose because the scale calibrat ion is n ot accura te en ough to 

rea d the specific vacuum levels needed in th e evacua tio n/ 
de h ydration process. U -tube mano meters can be used , but they 
are more suita ble for use in the laboratory than for field serv ice. 
When serv ic ing a ir conditioning and h eat pump systems in the 
field, m ost technician s use e lectronic vacuum gauge/ind icators. 

Two common types of e lectronic vac uum gauge/indicators 
are sh own in Figures 1- 18 and 1-19. One d isplays the measured 
vacuum o n a dial indicator. 
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T Figure 1-18. 
Dial-Type Vacuum Gouge/ Indicator 

T Figure 1-19. 
LED-Type Vacuum Gouge/ Indicator 
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T Figure 1-20. 

Self-Contained Acid/ Moisture Test Kit 

T Figure 1-21. 
Refrigeration Oil Acid Test Kits 
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The other uses a display consisting of several light emitting 
diode (LED) indicators. The electronic vacuum gauge/indica­
tor measures absolute pressure in microns. As the vacuum levels 
go deeper, the needle o n the dial moves, indicating lower and 
lower micron readings. For the LED gauge, the LED indicators, 
each representing a specific vacuum level in microns, turn off 
sequentially from the highest micron level to the lowest as the 
sy tern vacuum pressure goes deeper. For both types of indica­
tors, the lower the measured vacuum reading in microns, the 
deeper the vacuum be ing measured. 

Test Kit - Add/ Moisture {Item 9) 
Acid/moisture kits are one of th e methods used to test refrig­
e ration or air conditioning systems for the presence of moisture 
and/or corrosive acid. Acid/moisture testing is normally per­
formed as a preventive maintenance check or in conjunction 
with servicing procedures such as system evacuation/dehydra­
tion, refrigerant recovery, or refrigerant recycling. 

Acid/moisture testing is important because man y troubles 
in the system can be ca used by the presence of moisture. Mois­
ture, as it circulates through the system along with the refrigerant 
and compressor oil, may freeze at the metering device, causing 
it to become clogged or partly clogged. In conjunction with 
high temperatures like those encountered in the compressor 
and condensing units, moisture may cause the refrigerant to 

break down and form harmful acids, which can lead to com­
pressor motor burnout. In a properly operatin g system, the 
compressor oil circulating through the system along with 
the refrigerant lubricates and cools the compressor. If this oil 
should become acidic, its ability to supply the needed lubrica­
tion and cooling is reduced, which can result in damage to the 
compressor. 

Acid/moisture rest kits can be self-contained, as shown in 
Figure 1-20. This device is attached to a system service port fo r 
about 10 minutes to obtain a sample of the refrigerant in the 
system. A disposable test tube located within the tester con­
tains chemical crystals that change color in the presence of acid 
and moisture. The tube is removed from the tester after a 
10-minute sample period and compared against a color chart to 
check the acid/moisture content of the sampled gas. 

Refrigeration oil acid test kits a n d oi l a nalysis rest kits 
(Figure 1-21) can also be used to check the quality of refrigera­
tion oil in a system with a semi-hermetic compressor. This 
method is not commonly useJ on residential equipment 
because it is difficult to remove oil from hermetic compressors. 
Use of these kits normally requires that a sample of the oi l be 
extracted from the system, mixed with the chemicals in the kit, 
and the oil judged to be good or acidic based on the color of the 
o il-chemical mixture. Some refrigeration analysis kits require 
that the oil sample be returned to the kit manufacturer for com­
plete oil analysis. 
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ELECTRICAL SYSTEM SERVICE INSTRUMENTS AND DEVICES 

AC Clamp-On Ammeter (Item 1 0) 
The a lternating current (AC) clamp-on ammeter is used to 
measure the total AC current bein g drawn by a system or by 
the indiv idua l loads in a system, such as the compressor, fan 
moto rs, o r hea ters. In three-phase system s, it is used to measure 
the current d rawn by each ph ase to determine the percent of 
current imbalance. 

The main advantage of the clamp-on ammeter is that it 
allows current measure ments to be made without disconnect­
ing any of the circuit wiring. Figure 1-22 shows a clamp-on 
ammeter connected to measure curre nt. C lamp-on a mme ters 
h ave a movable set of jaws that can be opened and placed around 
each of the wires to be m easured, o ne wire at a time. The clamp­
on ammeter works like a transformer. The wire being measured 
acts like the primary of the transformer and the jaws of the 
ammeter as the secondary. Current flowing through the wire 
creates a magnetic field that induces a current in th e jaws of 
the cla m p-on ammete r. This induced current passes th rough 
the m eter movement, providing an indication of how much 
current is passing through the wire. Even though most clamp-on 
amm eters can a lso m easure voltage and low-level values of 
resistance, th e ir primary use is for current measurement. 

Both a n alog and digital clamp-on ammeters are available, 
and are usua lly capable of measuring up to 300 amperes. D igital 
meters (Figure 1-23) are popula r because of th e ir accuracy an d 
ease of use. Generally, th e accuracy of the a mmeter increases if 
it h as a number of selectable current ranges. When serv ic ing 
three-phase equipment wh ere the current imbalance must not 
exceed 10 percent, th e accuracy of the ammeter is extremely 
important. Analog meters with a full-scale accuracy of ± 3% 
and digital meters with an accuracy of ±2% are typical. Other 
useful features include rugged construction , th e ability to cap­
ture and hold su rge currents, and pro tection against m eter 
damage caused by over-ranging. 

Volt-Ohm-Milliammeter (Item 11) 
The volt-ohm-milliammeter (YOM) is also called a mulr:imeter. 

The mult imeter is used for a ll ph ases of service work including 
installa tion, preventive ma inten an ce, and t roubleshootin g. 

The multimeter is used to measure h igh -level AC voltages in 
power and load circuits and low-level AC voltages in control 
c ircuits (Figure 1-24 ). ln units containing direct current (DC) 
operated control c irc uit devices, it is used to measure low-level 
DC voltages and currents. In troubleshooting, the multimeter is 
freq uently used to measure voltage and make con tinuity checks 
on system and component wiring. l t is typically used to check 
mow r windings, relay coils, and motor starter/contactor coils for 
res istance va lues a nd for short, open , o r grounded circuits. 
Another common use of the multi meter is to check the start and 
run capacitors of motors for a shorted or open condition. 
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"' Figure 1-22. 
Analog Clamp-On Ammeter Measuring Current 
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"' Figure 1-23. 
Digital Clamp-On Ammeter 

"' Figure 1-24. 
Analog Multimeter Measuring Voltage 



T Figure 1-25. 
Analog Multimeter (VOM) 

T Figure 1-26. 
Digital Multimeter (DMM) 

QUICK NOTE 
The clamp-on ammeter is the most common fool used 

for making AC current measurements, but digital 

multimefers can also be used to measure low-level AC 

and DC currents in the microampere range. This fea­

ture of the digital multimefer is useful for servicing 

the flame sensing system on healing equipment. 

Both pocket-size and hand-held analog multim eters (VOMs) 
o r d igital multimeters (DMM s ) are used for field service work. 
Analog multimeters (Figure 1-25 ) are best for observing changes, 
instan taneous respon se, and peak o r d ip indications when mak­
ing adjustments. H owever, the technician must iden tify the 
proper scale to use when making m easuremen ts and must inter­
pret the pointer location to obtain the reading. Scale d ivisions 
may limit resolution . T he accuracy of an analog meter is based 
on percent of full scale reading and is typically in the range of 
± 1.0 to ±5.0 percent. While elect r ical protection is n orma lly 
provided, analog meters can be damaged by measuring in the 
wrong mode or range. 

Digital multimeters (Figure 1-26) have direct-readin g, high 
resolution displays that give accurate readings w ith out the need 
for scale interpretation. Accuracy is generally in th e range of 
± 0 .1 to ±0.5 percent. DMMs n ormally h ave fuses for current 
protection and input limiting on volts and oh ms. Because they 
have no moving parts, digital multime te rs are less likely to fail 
or lose their calibration th an analog multimeters. 

The m u ltimeter feature most needed for field servicing 
H VAC equipment is the capability to accurately measure AC 
voltage over several scales, ranging from 0 volts to 1,000 volts. 
G enerally the multi meter sh ould a lso measure DC voltages over 
several ranges, but the 0 to 50-volt DC ran ge is the most 
important for servicing low-voltage DC control c ircuits. The 
full scale accuracy for the readings should be about ± 0 .5 to ±2 
percent . 

The multimeter should be capable of measuring resistance 
over several scales, ran ging from 0 ohms to 30 million (meg) 
ohms. T h e ability of the multimeter to accurately m easure 
resistance is very important because of the need to make criti­
cal motor and relay/solenoid windin g resistance measurements 
as well as ch ecks for sh orted, open , or ground ed c ircuits. 

Since the clamp-o n ammeter is the most frequently used 
instrument for making AC current measuremen ts, the current­
measurin g function of the mult i meter is n ot as important as its 
ability to measure voltage a nd resistance. However, most of the 
multimeters that mee t t h e voltage and resistan ce m easuremen t 
requirements for H VAC servicin g can also measure AC and 
DC currents over severa l scales ran g in g from 0 t o 10 amperes. 
Dig ital multimeters c an n orma lly measure low-leve l AC and 
DC curre nts in the microampere range. T h is feature is useful 
for serv icing the flame sen sing system on heating equipment. 

Many specia l-purpose accessories are available for use with 
d igital multimeters. Thermocouple an d th erm istor temperature 
probe accessories and non-con tact infrared surface temperature 
probes en able the d ig ital multimeter to measure temperature. 
Non-contact probes measure the surface te mperature o r t empera ­
ture in a refrigerant line by simply pointing the probe a t th e surface 
o r lin e to be measured. Clamp-on amm eter accessories are also 
available that e n able t he d ig ita l multimeter to be used to 

measure high-level AC c urrents up to abou t 400 amperes. 
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In addition, there are accessories that enable the digital multim­
eter to measure pressures up to about 350 psig. 

Capacitor Tesler (Item 1 2) 
The capacitor tester (Figure 1-27) is used to test capacitors to 
determine the ir specific capacitance value and to find out if 
th ey a re good, open, o r shorted. For field serv ice work, most 
tec hnicia ns usually test capacitors using the resistance (oh m­
mete r) func tion of the VOM. 

There are times, h owever, when it is necessary to determine 
the actua l value of capacitance in m icrofarads (MFD) for a par­
t icular capacitor or group of capacito rs. This task cannot be 
don e with most VOMs. The need to determine the actual 
capacitance value may occur because th e value stamped on the 
capacito r is unreadable . It is a lso done when it is n ecessary to 
wire two o r m ore ca pacitors in para lle l o r series to make a sub­
stitute capacitor for one that is not readily available . A lso, if 
motor problems persist even though previous tests using a VOM 
sh owed th e capacitor to be good, you should use the capacitor 
teste r to verify the capacitor's value. 

A capacitor tester must be ab le to quickly and accurately 
check for leaky, open, or shorted capacitors. It sh ould be 
capable of measuring the capacitance of capacitors ranging from 
0 .01 M FD to 10,000 MFD. 

Hermelit Compressor Analyzer (Item 13) 
The hermetic compressor an alyze r (Figure 1-28) is a single test 
instrument used to ma ke multiple tests o n hermetic com pres­
sors . This device eliminates the n eed for using a combination 
of oth e r test instruments such as the capacitor tester and 
volt-ohm-milliam meter. S imilar to a clamp-on amrneter, the 
hermetic compressor a n a lyzer uses clamp-on sensors th at a llow 
testing of the com pressor without disco nnect ing th e wires. The 
hermetic compressor analyzer uses computer electronic circuitry 
to diagn ose the problem and guide the service technician 
d irectly to the cause. A typical hermetic com pressor an a lyzer 
can test hermetic compressors in the 200 to 20,000-watt 
(20 kW) class w ith current draws ranging from 3 t o 200 
amperes. It can test a compressor fo r startin g torque, insulation 
breakdown, mechanica lly frozen condition, open or sh orted 
capacitors, value of capacitance in MFD, open start o r run wind ­
ings, a nd open relays. 

AIR SYSTEM SERVICE INSTRUMENTS AND DEVICES 

Anemometer (Item 14) 
Anemometers are used to m easure th e velocity of airflow. 
Measurement of ai r velocity must be perfo rmed when evaluat­
ing the total operation of a n a ir distribution system. It must 
also be don e wh en adjusting a n air distribution system to bal­
an ce the volume of air in cubic feet per minute (CFM). 
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QUICK NOTE 

,.- Figure 1-29. 

Rotating-vane anemometers require a stop watch and 

conversions to measure air velocity in FPM, while 

swinging-vane and hot-wire anemometers measure 

the air velocity directly. 

Rotating-Vane Anemometer Used to Measure Supply Grille Output Air Velocity 

,.- Figure 1-30. 
Dired Reading Swinging-Vane Anemometer 

When evaluating an d/or balancing an air distribut ion sys­
tem, the anemometer is used primarily to measure the a irflow 
being delivered to the supply gr illes and at the input to the 
return air grilles. R efer to the discussio n o n air velocity meters 
( velometers) in this section for o ther instruments that are com­
m o nly used to measure airflow ve locit y in air dis t r ibution 
systems. 

R otating-van e, swin ging-vane, and hot-wire anemometers 
are three types in common use. Rotating-vane anemometers 
require that a stop watch be used to t im e the air measurement 
and that calculations and/or corrections be made in order co 
convert the measured rate of a irflow into a ir velocity in feet per 
minute (FPM). Swinging-vane an d hot-wire a nemo meters give 
direct readings of a ir velocity in FPM. For this reason, they are 
often called velometers. 

The rotating-vane anemometer (Figure 1-29) h as three cali­
brated velocity d ials that are mechanically driven by a nearly 
frictio nless propeller (vane) that rotates on impact with th e 
airstream being measured. In addition to the calibrated dials, 
the rotating-vane anemometer has a zero reset lever to return 
a ll dial readings to zero prior to the start of each measurement. 
I t also h as a brake lever to turn the velocity dial mechanism on 
and off a t the start and finish of each timed measurement. 
Accompanying the instrument should be a calibration chart 
used to correct the readings. 

As sh own, the outer scale of th e rotating-vane an emometer 
reads directly from 0 to 100 feet in 1-foot in crements; a 
100-foot scale on the left reads from 0 to 1,000 feet in 100-foot 
increments; and a 1,000-foot scale on the right reads from 0 to 
10,000 feet in 1,000-foot incremen ts. To measure a ir velocity in 
FPM, each measurement made with the anemometer is t imed 
for on e minute with a stop watch. T h e anemometer sh own in 
Figure 1-29 is recording a velocity of 1,860 FPM, which is read 
from the dials as follows: the 1,000's d ial on the right reads more 
than 1,000 but less than 2,000 = 1,000 feet; the 100's dial on the 
left reads more than 800 but less than 900 = 800 fee t; and the 
direct dial reads 60 feet. After each measurement or series of 
measurements, calculations and/or corrections are usually required 
to convert the measured value of airflow into the real value for 
a irflow velocity in FPM. It is best to make several measure ments 
and then average the results to achieve greater accuracy. To 
ma in tain its accuracy, the rotat ing-vane anemometer must be 
calibrated periodically against known velocities. 

The swinging-vane anemometer (Figure 1-30) gives d irect read­
ings of velocity. When positioned to make a measurement, the 
a irstream be ing measured passes through the anemometer sen­
sor probe, causing a precision -balanced van e to t ilt at different 
angles based on the air velocity. The position o f the vane deter­
m ines the velocity reading of the a ir displayed on the mete r 
scale in FPM. Various attachments such as static pressure tips 
or pitot tubes are used with the anemometer when measuring 
supply and return airstreams. Swinging-vane an e momete rs are 
available in several velocity ranges from Oro 2,500 FPM. 
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A hot-wire anemometer (Figure 1-31) provides direct readings 
of air velocity in FPM. This instrument uses a sensing probe con­
taining a small resistance heater element. When the probe is 
held perpendicular to the airstream, the temperature of the heater 
e le ment changes due to variations in the airflow. This causes its 
resistance to change, which alters the amount of current flow 
applied to the meter circuitry, where it automatically calculates 
the air velocity for display on the meter scale or a digital readout. 

Velometer (Item 1 S) 
Velometers (Figure 1-32) are used to measure the velocity of 
airflow. Like th e an emometers described previously, velometers 
are used when evaluating the operation and/or balancing the 
airflow in air distr ibution systems. Velometers provide instan­
taneous, direct readings of air velocity in FPM without the need 
for timing or calculations. Some can also provide direct read­
ings in CFM. 

Several analog and e lectronic types of velometers are in 
common use. Sen sin g probes used with the velometers have a 
sensitively-balanced vane or a small resistance heater element 
that when placed in the a irstream produces a measurement of 
airflow for application to the velometer meter scale. Depend­
ing on the sensing probe or attachment used, velometers are 
available to measure a ir velocities in several ranges within the 
overall range ofO to 10,000 FPM. Certain electronic velometers 
use a microprocessor that can automatically average up to 250 
individual read in gs taken across an area to provide the average 
air velocity and temperature. Some can also drive an optional 
micro-printer to record the readings. 

Velometers like the one shown in Figure 1-33 are often called 
air volume balancers. When balancing air distribution systems, 
this type of velometer is held against the grille to get a direct 
reading of air velocity in either FPM or CFM. 

Another type of velometer, called a halometer or flow hood 
(Figure 1-34), is frequently used to get direct velocity readings 
in CFM when measuring air output or when balancing com­
mercial air distribution systems with large air diffusers. 

Psychrometric Chart (Item 16) 
Psych rometries is the study of air an d its properties, including 
temperature, pressure, moisture, and o ther characteristics. Con­
trol of these properties is essential for human comfort, opt imum 
equipment operation, and to prevent damage to home furnish­
ings. Psychrometric charts show the relationships of these air 
properties graphically. A brief description of the psychrometric 
chart and a discussion of some of its more common uses in ser­
v icing HVAC systems will be prov ided here. For a review of 
psych rometric th eory an d instructions for using the psychro­
metric chart, refer to th e many HVAC-related textbooks an d 
other materials that are readily available. 
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~ Figure 1-31. 
Hot-Wire Anemometer Used to Measure Exhaust Duct Output Air Velocity 

~ Figure 1-32. 
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DID YOU KNOW ••• 
... that the psychrometric chart is based on formulas produced by Dr. Willis 
Carrier in 1911? 

T Figure 1-34. 
Flow Hood/ Bolometer Used to Take CFM Measurements at Ceiling Diffuser 

T Figure 1-35. 
Psychrometric Chart 
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The psychrometric chart (Figure 1-35) is used to determine 
how each of the fo llowing air properties varies as the amount of 
moisture in the air changes: 
• Dry bulb temperature 
• Wet bulb temperature 
• Enthalpy at saturation 
• Relative humidity 
• G rains of moisture 
• Specific volume 
• Dewpoint temperature 

Charts are available that graph the air properties at low tem­
peratures (-20 to 50° F), normal temperatures (20 to ll0° F), 
a nd high temperatures ( 60 to 250° F ) at sea level and at various 
elevations to correct for chan ges in barometric pressure. They 
are also available in metric (Sl) form. 

Using the easily-measured values of dry bulb and wet bulb 
temperatures taken with a psychrom eter, the psychrometric 
chart can be used to fin d the value for o n e or more of the 
remaining properties of a g iven sam p le of conditioned air. For 
field service, these temperatures are freq uently used to find the 
relative humidity (RH) of a conditioned space. RH is the ratio 
of the a moun t of moisture present in th e air to the amount it 
can h old at saturation. It is expressed as a percentage, and helps 
to determine the level of indoor comfort that exists in the vari­
ous rooms of a house o r other condit ioned space. High relative 
h umidities create moist environments. Potentia l problems that 
can occur include loss of personal comfort, development of bac­
teria, viruses, fungi, and mites, and the warping of wood. On 
th e other hand, low h umid ity levels may cause respiratory a il­
ments, static electricity, and damage to electronic devices such 
as computers. 

Another com mon use of the psych rometric chart is to check 
the capacity of air conditioning equipment. Using the wet bulb 
temperatures of the a irstream entering a nd leaving the heat 
exchanger, the enthalpy function of the psychrometric ch art is 
used to find the to ta l heat d ifference (chan ge in enthalpy) 
between the two readings in Btu/ lb. of air. This value of ch ange 
in enthalpy, along with the value for the airstream velocity in 
cubic feet per minute, is used to calculate the equipment 
capacity in Btu/hr. using the total h eat formula shown below. 

Btu/Hr.= 4.5* x CFM x Change in Enthalpy (Btu/lb.) 

*4.5 is a Factor derived when the specific density For standard air 
is substituted for the specific density of the leaving air. 

O n e m ajor advantage of the psychrometric chart over o ther 
instruments such as a hygrometer (discussed below) is that the 
chart can be used as an estimating tool to determine the impact 
of planned modifications. 
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Hygrometer (Item 1 7) 
Hygrometers (Figure 1-36) are used to measure the relative 
humidity in a controlled space. Hygrometers are also commonly 
called relative humidity meters. See Item 16 for a description of 
re lative humidity. 

Many types of hygrometers are available. The dial-type 
hygrometer uses a synthetic hair that expands and contracts as 
the humidity changes. Many humidifiers also work on the same 
principle. For field service work, the e lectronic hygrometer is 

the most common type. Electronic hygrometers have tempera­
ture-humidity sen sing probes to measure the conditioned air. 
The m easured R H and/or temperature readings are usually dis­
played on an LCD. Some hygrometers are capable of reading 
dewpoint. Others, using two or more temperature probes, can 
calculate the differential temperature between probes. 

Some types of hygrometers can display temperature and RH 
readings simultaneously. Common electronic hygrometers can 
measure RH in the range of 0 to 98 percent with an accuracy of 
±2 percent. They typically measure temperatures in the range 
from -20° F to 160° F. 

Manometers and Pilot Tubes/Static Pressure Tips (Item 18) 
Manometers (Figures 1-37 and 1-38) a re used to measure 
velocity and static air pressures and gas pressures. Pitot tubes 
an d static pressure tips a re probes used w ith manometers to take 
measurements inside the ductwork of an a ir distribution system 
(Figures 1-39 and 1-40). 

Most manometers used for H VAC servicing are calibrated 
in inches of water column (in. w.c.). Manometers with pitot 
tubes or static pressure tips are used t o measure static 
pressure, velocity pressure, a nd total pressure in the supply, 
return, and branch ductwork of a ir distribution systems. These 
measurements are used to determine the a ir quantities supplied 
to each branch. The measured quantities can be compared to 

the design specifications to evaluate the overall system perfor­
mance and to make a ir supply adjustments as needed. When 
troubleshooting systems, manometers are often used to mea­
sure the pressure drop across the individual components in the 
system to detect airflow restrictions. 

Non-electronic manometers work on the principle that air 
pressure is indicated by the liquid- level differen ce between two 
columns of liquid, one on each side of the manometer. If there 
is a pressure difference, the column of liquid will move until 
the liquid level in the low-pressure side is high en ough so that 
its weight and the low air pressure being measured will equal 
the higher pressure in the other tube. Manometers typically use 
water or oil as the measuring fluid. 

Most manometers used for HVAC servicing are calibrated 
in inches of water column (in. w.c.) and use an oil with a spe­
c ific gravity of 0.826 as the m easuring fluid. The manufacturer 
of the gauge specifies the type of o il to be used; therefore, sub­
stitution for the specified oil is n ot recommended. Manometers 
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't' Figure l-36. 
Electronic Hygrometers (Relative Humidity Meters) 

't' Figure l -37. 
Inclined-Vertical Manometer (Air Velocity Meter) 

't' Figure l-38. 
Electronic Manometers 
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