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JAQ AND HVAC

Some major problems
and a practical remedy

by Warren Trent

Among the many potential
sources ofindoor air pollution, one
particular source is almost always
present: the hvac system.

According to some IAQ experts,

VENTILATION &
INDOOR AIR QUALITY

the hvac system may be a major
contributor to indoor air contami-
nation. The culprit is condensate
— the moisture precipitated in-
side the air conditioning system.

In this cool environment, any
condensate-wetted surface be-
comes a fertile bed for the growth
and proliferation of polluting or-
ganisms.

In systems that are properly de-
signed, installed, and maintained,
condensate is confined to the cool-
ing coil and condensate drip pan.
In such cases, polluting effects are
minimal.

Unfortunately, too few systems
meet these criteria.

As a result, condensate often
finds its way onto inside surfaces
throughout the hvacsystem. There
it promotes the growth of bacteria,
fungi, and viruses that pollute the
system and degrade indoor air
quality.

All hvac systems have the poten-
tial to generate indoor air con-
tamination. Some systems are
worse than others.

Relative to their potential to af-
fect indoor air quality, there are
two basic types of systems: the
“blow-through” and the “draw-
through” (also called “pull-
through”). .

The draw-through system is th
greatest offender; it is estimated
that there are more than 10 mil-
lion of these systems operating
nationwide.

Thus, the focus here is on defin-
ing the problems inherent in the
draw-through system, and offer-
ing a plausible solution.

Problems

In the draw-through hvac sys-
tem, air is drawn through the cool-
ing coil by the blower, thus creat-
ing a negative pressure in the re-
gion of the condensate drip pan
(see Figure 1).

This negative pressure produces

" two conditions that can result in
indoor air pollution. It can:

1. Effect the ingestion of air and
other gases from outside the sys-
tem; and

2. Impede, or even prevent, the
flow of condensate from the sys-
tem.

In an effort to cope with the ad-
verse conditions created by draw-
through type units, equipment
manufacturers generally recom-
mend that a condensate trap be
installed in the drain pipe.

When a condensate trap is in
place, filled with water and func-
tioning properly, it provides an
adequate seal and prevents the

FIGURE 1 — Draw-through hvac unit.

fungi, and viruses.

Transported to the conditioned
space by the air handler, these
organisms pose a serious health
threat to all building occupants.

® Air and other gases ingested
during the cooling operation also
can produce an aerosol mist — the
mechanism for spreading
legionella pneumophila (Legion-
naires’ Disease bacteria).

® Negative pressure inside the
air conditioning unit greater than
the depth of the condensate drip
pan — not an uncommon condi-
tion — will cause condensate to
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protected against the ingestion of
air and other gases from outside.

Thave examined hvac systemsin
four commercial and public build-
ings in the East Texas area.

One, a commercial building, was
approximately seven years old. At
the time there were 18 rooftop
units; the traps of 12 had been
disconnected.

The second case was a public
building accommodating hundreds
of occupants daily. This particular
building makes use of more than
100 hvacdraw-through units, most
of which are of the rooftop type.

It is difficult to maintain traps in a prop-
erly functioning condition. For this reason,

many — perhaps most — systems now in use
are operating without traps, or with traps
that are dysfunctional.

overflow into the unit.

Spread in this manner, the con-
densate creates a favorable envi-
ronment for the growth of various
health-threatening organisms.

The extent of property damage
caused when an hvac system is
operated with a missing or dys-
functional trap, is also readily ap-
parent from Figure 2.

Cases

Information from numerous ser-
vice personnel, contractors, equip-
ment manufacturers, and hvac
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FIGURE 2 — Draw-through hvac system withut a trap.

ingestion of air and other gases.
Condensate collected in the con-
densate drip pan is discharged
through the trap; no disturbance
to the flow occurs. Under these
conditions, the internal compo-
nents of the system remain dry

trap (or a seal) to protect against
ingestion of air and other gases
(Figure 2) are summarized as fol-
lows:

® Toxic and noxious gases may
be ingested into the hvac system
and distributed into the condi-

It has been estimated that, nationwide,
the annual cost of health care resulting

from indoor air contamination is well into

the billions of dollars.

and clean, and thereislittle threat
in terms of human health.

Unfortunately, it is difficult to
maintain traps in a properly func-
tioning condition. For this reason,
many — perhaps most — systems
now in use are operating without
traps, or with traps that are dys-
functional.

This is the crux of the problem.

The consequences of operating a
draw-through system without a

tioned space, where they pose a
threat to human health.

® Air and other gases ingested
during the cooling operation also
can entrain condensate and pro-
duce a geysering effect that pro-
pels condensate into the air condi-
tioning unit and ductwork.

Spread in this manner, conden-
satenot only causes damage to the
hvac system, but creates a fertile
place for the growth of bacteria,

end-users, combined with my own
observations, clearly shows that
far too many draw-through sys-
tems are operating without func-
tioning condensate traps (or seals).

As a consequence, few draw-
through systems are adequately

More than 100 of the units were
operating without traps. Inspec-
tion of the various units revealed
conditions inside the units vary-
ing from very damp and dirty, to
soaking wet and dirty.

The third and fourth buildings
were also public buildings. Inside
and on top of these structures,
were air handlers and rooftop units
of capacities ranging from five to
50 tons.

All the units were operating with
traps open at their tops.

Service personsin this area have
stated that the conditions I ob-
served are not unusual but, in
fact, typical.

Why no traps?

There are numerous reasons why
so many hvac draw-through units
are operating with dysfunctional
traps, or none at all:

® Traps may not be installed ini-
tially, because national codes do
notrequire that a condensate trap
—orany othersealing device—be
installed on hvac systems.

Also, the installation cost goes
up when a trap is added.

® Traps are frequently removed
by service and maintenance per-
sonnel when they become blocked
and cause overflow. This is appar-
ently done to reduce service and
maintenance work.

Service reports indicate that
traps typically become blocked
every two to three years.

® Traps are often left open at the
top, evidently to facilitate the re-
moval of algae and debris. In these
cases, the trap serves no useful
function, and causes the same
problems as a missing trap.

® Traps are frequently emptied
by evaporation during the winter

(Next Page, Please)

"U.S. Patent No. 4,918,935

FIGURE 3 — “CosTguarD” device for hvac systems.
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(Continued from Preceding Page)
months, when nocondensate flows.
Hence, during start-up at the be-
ginning of the cooling season, the
dry trap causes the same problem
as a missing trap.

Also, during late winter (when
the trap becomes dry), it may al-
low the ingestion of toxic gases.

® The geysering effect and the
aerosol mist generated by an hvac
unit operating without a trap, can-
not be seen by service and mainte-
nance personnel.

Condensate flowing from the
drain pipe is often enough to con-
vince the service person that the
system is operating properly.

It has been estimated that, na-
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In an effort to cope with the adverse
conditions created by draw-through type

units, equipment manufacturers generally
recommend that a condensate trap be in-
stalled in the drain pipe.

careresulting from indoor air con-
tamination is well into the billions
of dollars.

Additional costs in terms of pro-
ductivity, absenteeism, and liti-
gation may be even greater.

A considerable percentage of

these costs can be attributed to
missing or dysfunctional conden-
sate traps (or seals). In addition, it

is estimated that the annual cost
in property damage, plus the added
service and maintenance cost as-
sociated with missing and dysfunc-
tional traps, approaches one bil-
lion dollars.

In view of the above, finding a
reliable seal against the ingestion
of air and other gases, and thereby
eliminating the above health
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FIGURE 4 — Operating principles.

tionwide, the annual cost of health

threats and related costs, would
appear to demand a serious effort
by everyone involved in the hvac
field.

A remedy

I have invented and patented a
simple device which, if used prop-
erly, will provide protection
against undue cost in terms of
health care, absenteeism, low pro-
ductivity, litigation, and property
damage.

For thisreason, itisidentified as
the “CosTguarD” device for hvac
systems.

This particular device, about the
size of a conventional condensate
trap, is constructed of polyvinyl
chloride, treated to resist deterio-
ration in sunlight.

Other materials can of course be
used. In this configuration, the
device consists of four parts to
allow flexibility ininstallation. The
photograph shows three of many
possible arrangements.

The device was designed to per-
form the function of a condensate
trap (serve as a shield against in-
gestion).

Specifically, the device:

® Prevents the ingestion of pol-
luted air from the condensate dis-
posal place, during cooling and
heating operations;

® Effects a reduction in the
growth of bacteria, fungi, and vi-
ruses inside the air conditioning
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unit, by preventing geysering of
condensate into the system;

® Preventsthe generation of aero-
sol mist;

® Eliminates trap blockage and
related condensate overflow;

® Prevents condensate overflow
from negative pressure; and

® Precludes damage from freez-
ing temperatures.

How it works

The device has no moving parts,
and is self-regulating. Figure 4
shows how it provides a seal
against air and gas ingestion.

During cooling and heating op-
erations, ingestion of air or pol-
luted gases and the geysering of
condensate into the hvac are pre-
vented as follows:

® Fresh air from the positive pres-
sure side of the blower is supplied
to point (a) at a pressure slightly
above atmospheric. At this pres-
sure, some air flows away from the
air conditioning unit, thus pre-
venting ingestion of air from out-
side the system.

Simultaneously, a portion of the
fresh air returns to the air condi-
tioning unit, passing through
points (b) and (c¢). The quantity of
air returned to the unit is mini-
mized by the high pressure loss
induced by the mitered elbows.

This pressure loss, plus the by-
pass connected at point (c), as-
sures that the velocity of air enter-
ing the condensate drip pan will
produce neither geysering nor an

Condensate not
only causes damage
to the hvac system,
but creates a fertile

place for the growth
of bacteria, fungi,
and viruses.

aerosol mist, even at high nega-
tive pressures.

Condensate flows through the
device without being trapped.
Hence, the potential for flow block-
age and condensate freeze-up is
nil.

Range of operation

The device performs satisfacto-
rily over the following operating
conditions:

@ Unit size up to 20 tons capac-
ity;

e Up to 1.5 in. wec negative pres-
sure at the condensate drain.

This range of operation is ad-
equate toaccommodate most draw-
through systems. However, the
principles are applicable to any
size unit. Prototype units have
been demonstrated at -4.4 in. wc.

Higher values are of course pos-
sible.

The device can be installed ei-
ther external or internal to the
hvacunit. Figure 5illustrates each
of the two types of installation.

An external installation of the
device on a rooftop-type unit is
illustrated at the left of the chart.
For this type unit, where ready
access is provided, installation
takes about 15 minutes.

Internal installation of the de-
vice in most existing hvac units is
not feasible. However, there should
be little or no installation problem
if the device is included in the
original design. The figure at right
illustrates aninternalinstallation.

Test results
As of August 1992, more than 30
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*U. S. Patent No. 4,918,935

Internal Installation

FIGURE 5 — Installation illustrations.
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ofthese devices had been installed
in operating systems.

There have been no operational
problems. Two devices have oper-
ated equally successfully for al-
most three years. Recent inspec-
tions revealed no debris accumu-
lation inside either.

Indoor air pollution is currently
being recognized as one of the most
serious environmental problems
facing our country.

A percentage of its related costs
can be attributed directly to miss-
ing or dysfunctional condensate
traps (or seals) on draw-through
type hvac systems.

Whether the device described in
this article, or another equally ef-
fective, is used to eliminate air
and gasingestion by draw-through
type hvac units is unimportant.

What is vitally important, how-

(Page 8, Please)
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IAQ AND HVAC:
Some maijor
problems

(Continued from Page 6)
ever, is that the industry move
expeditiously to protect the public
against health threats posed by
missing and dysfunctional conden-
sate traps.

The prudent next step might well
be the enactment of a code requir-
ing all hvac systems to include a
device for effectively sealing and
protecting units against the in-
gestion of outside air and other

Indoor air pollu-
tion is currently be-
ing recognized as
one of the most seri-

ous environmental
problems facing our
country.

gases, and the spreading of con-
taminated condensate into condi-
tioned space.

Ifnothingis done about this prob-
lem, we may soon find the public
echoing the lamentation of the
Mayor in Robert Browning’s The
Pied Piper of Hamelin: “Oh for a
trap, A trap, A trap!”

Among his accomplishments,
Warren C. Trent has had 25 years
of experience in the aerospace in-
dustry, with a background in ther-
modynamics, fluid flow, heat
transfer, and environmental con-
trol; is an instructor in Air Condi-
tioning Technology, Tyler Junior
College, Tyler, Texas; and was a
research engineer in heat pump
fundamentals and applications
with Kansas State University,
Manhattan, Kan. He is a member
of the American Society of Heat-
ing, Refrigeration and Air-Cond;i-
tioning Engineers, and owner of
Trent Associates, 1410 Woodlands
Drive, Tyler, Texas 57503.
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