Understanding Ammonia
Refrigeration Systems

Understanding the differences among the three types of ammonia
refrigeration systems and how each works is a necessity for every
technician that works on them

BY RICK DUMAIS AND CHRIS HARMON

s far back as we can remember man has used

ammonia for one reason or another. It is in

fact the oldest known refrigerant. It is success-

[ully utilized in many industries including
food, petrochemical and
pharmaceutical. So why is
it 50 misunderstood?

In this and the next issue
ol RSES Joumal we will
attempt to clear up and
demystify anhydrous
ammonia, which is a for-
mulation void of water, as it
relates to refrigeration. We
will discuss the benefits and
drawbacks of this efficient
refrigerant as well as review
leak detection and safe han-
dling procedures.

Why ammonia?
Why do we use anhvdrous
ammaonia instead of halo-
carbons in industrial appli-
cations? Ammonia is cheap
and extremely efficient. Ammaonia is the most commonly
used refrigerant worldwide for large commercial applica-
tions,

The main use of ammonia is agricultural (fertilizer),
More than 80 percent of the ammonia produced is uti-
lized in this fashion due to its high nilrogen content,
Since ammonia is plentiful, the cost is low, The cost for
refrigerant-grade anhvdrous ammonia typically is less
than 50 cents a pound, compared to about $7 a pound for
R-4044 and $15 a pound for R-302,

There are two primary grades of ammonia commonly
available in the marketplace. There is an agricultural- or
commercial-grade ammonia that must contain a mini-
mum water content of at least 2,000 ppm water (0.2 per-
cent) with a maximum waler content of 5,000 ppm (0.5
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The high operating efficiency of ammonia allows screw com-
pressors like this one to operate with low energy costs.

percent). The minimum water content prevents stress cor-
rosion cracking of the metals used in equipment for the
agricultural industry.

Industrial-grade anhydrous ammonia, commeonly
called metallurgical
or refrigeration grade, has
very little water contami-
nation. Metallurgical-
grade has a maximum of
about 33 ppm water
(0.0033 percent) and
refrigeration-grade has a
maximum of about 150
ppm water ((.015 per-
cent). For optimum effi-
ciency and effectiveness
in vour refrigeration sys-
tem, the ammonia sup-
plied to you for vour
system should meet or
exceed these specifica-
tions.

In addition to the price,
the most compelling rea-
son Lo utilize anhvdrous
ammaonia is the fact that it has such a high latent capabil-
ity per pound. Its latent capability at 5° F evaporator tem-
perature is 563 Biu per pound. When compared with R-
22, which is approximately 6% Btu per pound at the same
temperature, its obvious that it takes less ammonia to do
the work because it is more efficient. This means less kwh
used and lower operating costs.

L]
Typical systems
The best way to understand ammonia refrigeration sys-
lems is to review the basic designs used today, Some
ammonia-based systems are similar to designs used in
hvacr systemns that use halocarbons. The differences are
somewhat obvious but offer just enough differences to
challenge technicians from either field,



We will discuss the benefits, drawbacks and spe-
cial problems associated with each tvpe of system,
Three basic types of systems exist: thermal expan-
sion valve (TXV). flooded and liquid recirculating
{or ligquid overfeed).

Thermal expansion valve (TXV) systems: These
are also referred to as dry systems, meaning that the
exiting refrigerant is free from liquid. These svstems
are not the most efficient, as it is necessary to ensure
that all refrigerant is boiled off prior to the vapor
entering the compressor. This necessitates larger
evaporator coils,

To ensure complete vaporization, a thermal
expansion valve is used to control flow (see Figure
1). The refrigerant vapor is allowed to superheat
about 10° F at the end of the evaporator coil.
Although they are less efficient, the TXV svstems
are simpler in design, require less refrigerant
charge, cost less initially and usually have less oil-
logging problems.

Depending on the temperature, the boiling vapor
can increase in volume between 130 to 900 times
and unless the coils are large in diameter; slugs of lig-
uid will be carried out with the vapor As the liguid
boils, fluctuation, which is similar to the boiling
process in a boiler, occurs within the evaporator

Many thermal expansion systems are in use today.
Thev work well as long as there are minor load swings
in the system.

Flooded svstems: Flooded svstems transfer heat
more efficiently than a TXV system. This is due to
the use of more wetted evaporator surface. The flood-
ed system uses about 25 percent less surface than a
TXV syslem Lo remove the same amount of heart,
therefore, the coil cost is less. However, the cost of
the control system usually is higher

A typical flooded svstem consists of a suree drum
with some tvpe of liquid-level control device, general-
Iv a low-side float (see Figure 2). A liguid leg feeds
the liquid to the botlom of the coils. As the liquid
entrained with the gas is returned to the top of the
surge drum, it falls into the leg and allows the gas to
be drawn off the top into the suction of the compressor.

The system is designed to cause a boiling action that will
result in about 2 to 3 pounds of liquid being recirculated for
every pound of refrigerant evaporated. There is more refrig-
erant recirculated than vaporized.

Some advantages of a flooded system compared to a
TXV system include:

» More effective use of evaporator surfaces.

* Easier distribution of refrigerant with parallel systems.
s Cooler vapor entering the compressor (which reduces
the discharge temperature).

Some disadvantages include:

# Higher initial cosl.
» More refrigerant is required in the svstem.
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Figure 1. Although they are less efficient, the TXV systems are
simpler in design, require less refrigerant charge, cost less ini-
tially and usually have less oil-logging problems.
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Figure 2. The flooded system uses about 25 percent less sur-
face than a TXV system to remove the same amount of heat,
s0 the coil cost is less. However, the cost of the control sys-
tem usually is higher.

* 0il accumulation {logging) is more severe requiring
closer monitoring.

Liquid recirculation systems: In a liguid recirculation,
or “overfeed” system, a lot of refrigerant liquid is forced
either by pumps or by a gas-pumping system. In this sys-
tem the amount of liquid refrigerant circulated through
the evaporator is considerably in excess of that which can
be vaporized. The recirculation ratio can be as high as 4:1.

This wetted vapor is returned to a low-pressure receiver
where separation of the liquid and gas occurs (see Figure 3).
The overfeed system ensures that a constant liguid level is
maintained in the accumulator (sometimes referred to as
a low-pressure receiver).

The advantages in a liquid overfeed system include:



* High system efficiency.

» Efficient hot gas defrosting capahbility.
» Simplified oil draining and return,

* Lower coil temperatures,

Rejected heat

The disadvantages include:
* Larper refrigerant charge is required.
= Larger piping is required.

The safety factor

How dangerous’is ammonia? No more so than
any other Class II refrigerant, meaning it should
be treated with respect. However, ammonia svs-
tems generally are safe,

Most serious cases of leaks andfor explosions
can be attributed to accidents. (The U.S,
Occupational Safety and Health Administration
{OSHA) and the International Institute of
Ammonia Refrigeration (1IAR) do not keep
injury and fatality statistics for ammonia-based
systems.)

One advantage of ammonia over halocarbon-
based refrigerants is that it is self-alarming due
Lo ils strong and distinct odor. The following
table lists some of the possible effects of ammo-
nia in the air:

Effect Ppm in air by volume
Laast perceptinle odor 5 ppm

Readily detectable odor 20-50 ppm =

General discamfort 150-200 pom

Severe irritation to eyes 400-700 ppm

Coughing, bronchial spasms 1,700 pgpm

Fatal exposure 2000-3,000 ppm - =
[mmediataly fé[al : 10,000 ppm

Because the smell of ammonia is readily perceptible,
vou will know it if there’s even a tiny leak. With halocar-
bons a technician’s chances of smelling a leak are low,
unless it contains a lot of oil and vou are near the source.

Ammonia vapor is lighter than air and in a confined
area il displaces oxvgen from the ceiling downward.
Halocarbons are heavier than air and will displace the
oxvgen from the floor upward, Either situation can be
fatal.

Ammonia is [lammable and has a lower explosive limit
(LEL) of 15 percent {150,000 ppm) and an upper explo-
sive limit (UEL) of 28 percent (280,000 ppm). When the
ammonia vapor is mixed with a mistable oil, the LEL can
be as low as 8 percent (80,000 ppm).

Ammonia also will undergo what is called hazardous
decompaosition at temperatures above 830° F. This means it
will break down inlo nitrogen and hvdrogen gases.
Hydrogen gas has a lammability range of 4 to 73 percent.

Ammonia systems generally are built around an under-
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Figure 3. The liquid pump recirculation system ensures that a con-
stant liquid level is maintained in the accumulator, sometimes
referred to as a low-pressure recelver.

standing of the characteristics of anhvdrous ammonia and
its dangers and beneflils. As with any systemn, the first line
of defense is the safety engineering designed into it.

Industry safery standards continue to be the main reason
ammonia systems are much safer than most people are
aware. Each system must meet strict safety codes, which
include materials of construction as well as appropriate
relief valves, ventilation, salely switches and other safety
CHNgIneering concerns.

. L]
Training and safety
As in any other industry, the training of operators and
technicians is important. Fully trained operators and tech-
nicians are much less likelv to cause a situation resulting
in death or injury.

Both QOSHA and U.S. EPA address training for larger
ammonia refrigeration systems. If the ammonia refrigera-
tion system has a charge of 10,000 pounds or more, you
must implement or take operational and maintenance
training. Many companies follow this regardless of the
charge level.

Training must include standard operating procedures for
every task that will be performed, as well as safe work prac-
tices, including proper line-break procedures. Line-break
procedures are what a technician does each time the ammo-
nia refrigeration system is opened for maintenance.
Additionally, operating personnel must receive refresher
training al least every three vears.#



inding Ammonia System Leaks

The second part of a series on ammonia refrigeration systems
explores the various tools and sensors that are available to help
service techs find system leaks

art one on ammonia refrigeration svstems in last

month’ issue of RSES Journal explored the basics

of ammonia refrigeration and the tvpes of svstems
generally found in the industry. This article will cover the
tools and sensors that are available 1o help service techs
and system operators locate leaks.

Most moderm ammonia syslems are computer con-
trolled in one manner or another. They require an initial
setup which consists of the basic programming of the
operating system, This is when a svstem'’s operational
parameters and sel-points are established.

A system's performance is dictated by the set-points
burned into the software that controls the normal opera-
tion of the compressors, condensers, fans, evaporators
and other essential components. Many older systems are
either manually operated or partially computerized,
which creates a different set of opera-
tional tasks.

As with any relrigeralion svslem,
safety devices and controls are essential
to assure safe operation under normal
and abnormal conditions. Many differ-
ent devices are used to perform differ-
ent tasks during the course of a normal
operating day.

Float switches have been used in our
industry for many vears, and although
they have become more sophisticated
they still perform the same basic func-
tions, Many are used to control refrig-
erant levels as well as control on and
off unctions of solenoid valves and reg-
ulators,

Several other devices function as
safety switches, valves, pressure regulators and electrical
inter-lock devices. The number of devices is so large that it
is bevond the scope of this article to detail all of them.

Finding leaks

Refrigerant leaks can be a problem in any refrigeration
svstem. Mechanical seals as well as valve packings can
fail and allow ammonia o vent into the atmosphere,
Anhydrous ammonia, which is a formulation void of
water, is self-alarming due o its strong odor. However,
leaks sometimes can be seen as well as smelled. In other
situations, leaks are less noticeable and can be difficult to
tind in a large refrigeration system.

Portable hand-held sensing units like
this one work well on smaller ammonia
leaks below 500 ppm.

A full-face respirator must be worn when ammonia
concentrations in the air reach 300 ppm.

Alarm systems can produce both
visual and audible warning signals
to alert those in the area that dan-
gerous levels of ammonia concen-
tration have been reached.

Anhydrous
ammaonia is a Class
II refrigerant and is
an inhalation irritant as well as a caustic. This can create
a problem [or most of us because humans cannot tolerate
exposure to large amounts of this refrigerant very well,

Levels of concentration and resulting protective actions
taken will vary. At a low concentration level of 0 to 25
parts per million (ppm), no respirator is required and a
person can work for eight hours without any adverse
affects. At a concentration level of 300 ppm a full-face air-
purifying respirator must be worn.

Above 300 ppm a self-contained breathing apparatus
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(SCBA) must be worn. Additionally, a fully encapsulated
suit must be worn when the concentration level is injuri-
ous to the skin, This level begins at around 300 to 500
ppm. It is common to put on the suit when the SCBA is
WOITL

To safely operate a refrigerant system, you must use
sensing devices that alert building operators and occu-
pants of a refrigserant leak. These devices are available in
a wide range of sophistication and features. They can have
integrated horns or lights or can send a signal to a moni-
toring service.

Calibrate these devices on a regular basis. The most
popular of them utilizes an electrochemical sensor. The
sensor contains a ccll whose life is dependent upon the
amount of ammonia it is exposed to as well as air temper-
atures it is subjected to, and must be replaced every two
vears, These sensors also must be replaced when they can
no longer be calibrated.

Automated functions of these devices include turning
on exhaust fans, turning off liquid feed solencids or even
shutting down the entire refrigeration system. An alarm
system is just one of many tools that will ensure that the
systemn is operating as safely as possible.

An ‘alarming’ condition

Many sensing and alarm systems are in use today, Top-
mounted lights visually indicate that a certain level of
contamination has been reached or that an alarm has
been activated. These units are either mounted in each
room that contains ammonia equipment or centrally
located utilizing remote sensors to trigger the signaling
device.

The unit, which is permanently mounted on a wall,
allows the operator to adjust the concentration range
{ppm) to reach before sending a signal, This is useful as
the placement of the unit may require a less sensitive
response due to possible higher concentration levels dur-
ing maintenance tasks. This [ixed-type of sensor has been
used for many years and comes in many different
designs.

Meeting the need for smaller, more portable units has
proven a challenge as the level of detection and the dura-
bility factors come into play. Above are a few of the
portable sensing devices used for sampling the air for
ammaonia to help find leaks or to determine how much
ammonia is present.

Popular handheld units can work well to detect levels
up to 500 ppm and are easy to operate, For smaller leaks,
the unit shown al the top right of this page works well.

Another type of unit shown above uses glass tubes that
are sensitive to ammonia and graduated 1o reflect the cur-
rent concentration (ppm). A glass tube is inserted in the
end of this unit after both tips have been broken off.

The unit pictured is a draw-type bellows sampler,
which draws a measured amount of air into the bellows
through the glass tube. The results show up on the glass

This draw-type sampler uses ammonia-sensitive
glass tubes that change color to detect a large
range of concentration levels.

Portable sampling units can provide instant read-
ings using a hand-held wand.

The more basic
sulfur stick still

is used to detect
ammonia leaks.
The stick is set
on fire and passed

over the suspected
leak area. The
smoke increases
when it comes into
contact with
ammonia fumes.

tube as a color change, which intensifies as|the concen-
tration increases. This type of sampler works well as a
tool for first responders entering a suspected leak area or
“hot zone.”

Other samplers work in a similar fashion. The tubes
are especially designed for use with anhydrous ammonia
and come with sensitivity levels ranging rom 0.5 ppm to
160,000 ppm.

If portability, instant readings and higher concentra-
tion readings are reguired, such as with harardous mate-
rial response teams, the unit shown at the top of this
page will sample leaks up to 20,000 ppm. The unit has an
extendible wand to measure the levels in the surmounding



area. It is designed for use by [irst responders.

Another tool used for detection of an ammonia leak is
a sulfur stick or taper. Although somewhat basic, it is still
used. The stick is set on fire at one end and passed over
and around the suspected leak area (see picture above),
When the sulfur stick encounters ammonia it will create a
lot of white smoke indicating that a leak exists.

It does require some skill and experience to detect and
isolate a leak in a large area. The smoke can get quite
heavy if the leak is large enough to quickly fill the room
with smoke. Some of us would rather smell ammonia
than a sulfur stick as it has a strong and lasting odor
when burning.

For smaller leaks, you can use litmus paper. When wet-

ted and passed near a small leak, the paper will change
colar, usually to red or pink,

The use of these tools requires training by qualified
professionals who know and understand ammonia and its
characteristics. There is no substitute for formal training
- salety always begins in the classroom.

A good refrigeration system starts with good engineer-
ing and a proven design. Safety engineering is the first
line of defense for these systems, Then comes proper
training of technicians.

Next month’s article will address specific problems
related to an ammonia refrigeration system, including
fixing leaks and repairing components

How to Detect and Fix
Ammonia System Leaks

Part three of a series on ammonia refrigeration systems reviews the
tools needed to detect system leaks and how to fix them

he final installment in this series on ammonia

refrigeration systems covers how 1o fix a svstem

leak once it has been found, Sometimes the ability
to determine that an ammonia refrigerant leak exists is as
simple as using your nose. Ammonia has a strong, unique
and pungent odor,

But there are several other ways to detect a leak vary-
ing from something as simple as a soap test or as sophisti-
cated as an electrochemical sensing device. (See the side-
bar on page 7 for details on the best leak-detection tools
and methods to use and when,)

Finding a leak with pressures above atmospheric pres-
sure {greater than 14.7 psia or 0 psig) is somewhat easier
because the refrigerant is leaking out of the system into
the air. On systems or portions of them with pressures
below atmospheric pressure (less than 14.7 psia or 0 psig
- typically measured in inches of mercury) it is much
more difficult because air is being drawn into the refriger-
ation system.

Leaks can occur in almost any part of an ammonia
refrigeration system or most other refrigeration systems
for that matter. The following pictures show areas where
leaks commaonly are found and how to fix each leak:

* Bonnets and stem packing. Pictured (at top right) is
a tvpical packing nut and seal cap. Litmus paper or an
electronic leak detector could be used to detect small
leaks. For larger leaks in this area, a visual inspection

would be enough to determine that a leak exists or a tech-
nician could use a
sullur stick.

This tvpe of valve
arrangement also can
have bonnet andfor
flange problems and
require pumpdown,
and a gasket or seal
replacement to fix the
leak. The repair of
this leak would
require evacuation of
the valve area and
possibly the connect-
ing pipe 1o isolate the
vilve, Then the valve
could be serviced and
placed back into
operation.

* Sight glasses.
The picture below
shows a screw-in type
sight glass, which
sometimes develops
leaks around the O-
ring seal. This partic-

Leaks can occur around packing
nuts and seal caps.

Sight glasses are common sources
of ammonia leaks.




A variety of leak detection tools, methods are available

F ollowing is a detailed review of the various tools and meth-
ods used to detect various types of leaks associated with
anhydrous ammonia refrigeration systems:

< Soap solutions, This is probably one of the oldest —and
still effective — methods for finding all types of leaks, including
refrigerant leaks. It generally is used for detecting leaks on
portions of the system that are above atmospheric pressure.

A variety of soap solutions are commercially available. The
soap solution is applied to a suspected leak. If a leak exists,
bubbles will form indicating the exact location.

<+ Litmus paper. Another simple but effective method to
find small leaks is litmus paper, which changes color when
exposed to the refrigerant. For small, hard-to-find leaks this
method works well.

The paper first must be dampaned or wetted slightly and
then placed around the suspected leak area. When ammania
refrigerant is encountered the paper will change color. The
color can range from a light pink to a bright red depending on
the severity of the leaks.

The leak shown in the
picture here is from the
right side the elbow at the
short nipple connection
end). The strong color

change of the paper indi-
cates that this leak also
could be detected by your

nose. Using litmus paper is a good

Maost technicians andfor way to find small leaks.
operators wet the paper with their tongues but you also can
use water from a container. The paper is not an effective way
to locate larger leaks because it turns completaly red and
usually only verifies what your eyes and nose already have
told you: A large leak is evident,

4 Sulfur stick. Another method commonly used for
detecting ammonia leaks is the use of a sulfur stick or taper.
While this method is used frequently in the ammonia industry,
it requires some skill in its
application,

As with litmus paper,
using sulfur sticks to find
large leaks tends only to
confirm that a leak exists.

The problem with a sulfur

stick is that with a large # ]
leak you simply end up A sulfur stick also Is useful for
smoking up the area close finding smaller leaks.

to the leak source. But for small-to-medium leaks they work
fine as long as the person using them is familiar with the
methods used to find the exact leak location.

A small-to-medium-sized leak usually is easy to find if it is
in an open area. The smell and a visual display are great indi-
cators. But not all leaks are within reach or in the open. The
proper use of a sulfur stick can help locate leaks that are hid-
den from view.

As illustrated in the picture (bottom, left] the leak is from
the valve packing as indicated by the smoke trail. In most
cases you can detect a leak this size by smell. The person
using the sulfur stick first must set the end of the sulfur stick
on fire or it will not produce the smoking effect

A slight tightening of the packing nut might fix this leak. On
the other hand if the packing has been abused with the use of
a pipe wrench or channel locks, a more technical repair might
be needed such as completely replacing the valve packing.

This is fairly simple to parform if the valve in question is a
back-seating type. If not, a more detailed procedure would
involve pumping down the liquid line feeding the valve as well
as isolating the downstream side of the valve.

As mentioned above, using a sulfur stick to pinpoint a
lzak’s location can be difficult. Practice will make a technician
more efficient at finding leaks. One of the drawbacks to using
a sulfur stick is that most operators would rather smell ammo-
nia than the sulfur stick. The stick has a strong, lingering odor
even after the testing is complete. It has a tendency to leave a
bad taste in your mouth for several days.

Caution is urged when
using a sulfur stick because
ammonia is flammable.

Pockets of ammonia can

ignite or flash, creating a

potential hazard. Be cautious

when there is poor air circula-

tion that can cause ammonia

to build up. Froperly used, sul- gjactrochemical detectors

fur sticks are an effective tool are designed specifically to
for finding ammonia leaks. detect certain chemicals.

% Electrochemical detectors. A more sophisticated
method to locate an ammonia leak is to use a sniffer or elec-
trochemical-type ammonia detector. Electrochemical detec-
tors are designed specifically to detect certain chemicals.
There are only a few interfering chemicals that will give false
indications.

The picture above shows the most commaon handheld
electrochemical detector used for detecting an ammaonia leak.
Tha flexible nozzle is helpful when checking tight areas.

Electrochemical detectors have a limited range, typically
gither 0-300 ppm or 0-1,000 ppm. These types of detectors are
sensitive and can find leaks that cannot be located with sulfur
sticks or litmus paper.# - Richard M. Dumais and Chris
Harmon




Fixing a leak around a screw compressor might require
replacing the compressor seal.

ular glass is on a pilot receiver and the repair would
require that vou isolate the the sight-glass column.

To do this, first close the bottom valve on the column
and allow the remaining liquid to boil off into the twp of
the receiver: Some assistance in the form of water spraved
on the pipe can assure that almost the entire amount of
refrigerant in the column is evaporated.

Close the top isclation valve for the column and the
remaining vapor will release into a bucket of water,
Unscrew the glass and install a new O-ring. This job
could take two to four hours depending on the situation.

* Seals around screw compressors, Replacing a
compressor seal requires some knowledge of the com-
pressor and its construction, Shaft seals are notorious for
developing leaks and some are more difficult to replace
than others.

Fixing a leak on the screw compressor shown above is
a Fairly simple replacement job that still requires some
expertise. Managers of some facilities either have a manu-
facturer’s representative replace the seal on-site as war-
ranty work or sometimes go as far as dismounting and
sending the unit back to the manufacturer for repair and
re-sealing.

If the technician andior operator is qualified, do the
replacement in-house, Most manufacturers supply the
special tools required to replace the seal, should it leak,
with the purchase of the compressor. Simply follow all
manufacturer instructions on the replacement job.

* Seals around liquid pumps. Some liquid refrigerant
pumps reguire the seal be replaced more often than oth-
ers depending on the design. The picture (bottom, left)
shows a common liquid pump which from time to time
develops leaks around the mechanical seals.

To repair this leak, evacuate the pump and remove it
from the motor base. Next, disassemble and inspect the
pumnp. If vou determine the pump is undamaged, install a
new seal and place the pump into service after completing
the leak check.

Some liquid refrigerant pump seals leak more often than
others, requiring replacement.

This repair requires some experlise in the pump’s
design and knowledge of the manufacturer’s requirements,
Qualified techs or operators need to reseal most of these
pumps in the field. The job could Lake two to four hours
with only a [ew special tools being required.

= Around back-pressure regulators (BPRs). Leaks
also can occur around welds, fittings and flanges, You
need to isolate, evacuate or pump down and repair as
needed the regulator unit (shown, right). A new gasket,
seals and diaphragms might need replacing to assure that
the unit operates properly and is leak-free.

Use the unit’s cut sheet, which should have accompa-
nied the regulator when it was purchased, or a copy of it
to make sure the proper regulator parts are used, as many
of these look alike in color and design. Alier the regulator
is placed back into service, make a pressure adjustment to
assure that the regulator is operating within the set points
for the refrigeration svstem to which it is connected.

Leaks on the portions of the ammonia refrigeration
system that are below atmospheric pressure can be diffi-
cult to find. The only type of detector that can help an
operator locate a vacuum leak is an ultrasonic leak detec-
tor. This detector finds the leaks by the noise created
when air is drawn into the system,

Sometimes vou can pressure up the system. Most leaks
that occur under vacuum, however, have a tendency to
seal when placed under positive pressure. #

vitor. Chris Ho
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