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Maintain condensate control for healthier hvac

The key to maintaining healthy air-handling units is to keep moisture to a minimum.

BY WARREN C. TRENT, P.E., AND C. CURTIS TRENT, PH.D., TRENT TECHNOLOGIES INC.

Suitable condensate control is
achieved, and an acceptable
hvac maintenance program can
be implemented, only when con-
densate is confined to:

1. Surfaces of the cooling coil;

2. A small and properly
sloped condensate drain pan;
and

3. A well-drained system,
through which condensate flows
freely and never stands nor stag-
nates.

Confining condensate to
these three areas allows the sys-
tem to operate virtually free of
excessive maintenance, property
damage, and health-threatening
biological growth.

700

® Condensate
from cooling coils;

® Condensate drips onto
internal hvac system compo-
nents; and

® Unsuitable
designs.

When these deficiencies are
present, no amount of system
maintenance can prevent equip-
ment damage, surrounding
property damage, and health-
threatening biological growth.

Scheduled maintenance has
only limited value. It occurs
after property damage has been
done and biological growth has
had its effect. Moreover, the
damaging effects begin all over

carryover

drain pan
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Figure 1. Coil face velocity above which condensate carryover occurs, for a typical cooling coil.

When condensate is confined
in this manner, the required sys-
tem maintenance consists of
rather simple, periodic sched-
uled procedures: inspecting,
cleaning, and flushing the drain
system (pan, seals, and lines).

Unfortunately, far too many
systems now in operation are not
designed to restrict the spread of
condensate, and are not
amenable to reasonable mainte-
nance.

A successful maintenance
program for these systems must
begin with an assessment of the
capacity of each to confine con-
densate to the cooling coil, drain
pan, and drain system. Any time
condensate spreads beyond
these areas, system modification
is necessary to ensure that con-
densate is properly confined,
under all operating conditions.

System deficiencies that
allow the spread of condensate
beyond the cooling coil and the
drain system include the follow-
ing:

as soon as system operation is
resumed. (The design considera-
tions necessary to avoid these
conditions in future systems are
provided in the McGraw-Hill
HVAC Systems & Components
Handbook.)

Whenever the above deficien-
cies appear in any system, they
must be remedied before a
meaningful maintenance sched-
ule can be defined and imple-
mented. The following para-
graphs suggest suitable reme-
dies and define a drain system
that can be maintained with rea-
sonable routine and preventive
maintenance programs.

SYSTEM DEFICIENCIES
AND REMEDIES

Specific system deficiencies
that preclude the implementa-
tion of a feasible maintenance
program, along with remedies to
these deficiencies, are reviewed
here.

Condensate
from cooling coil.

carryover

Condensate carryover in any
observable quantity is incompat-
ible with a practical and accept-
able system maintenance pro-
gram. Damage and contamina-
tion begin when carryover
occurs; neither will wait for the
next scheduled maintenance
action.

Condensate carryover occurs
when the velocity of the air pass-
ing through the cooling coil is
sufficient to entrain condensate
and blow it off the coil. Any time
the system components or other
surfaces downstream of the cool-
ing coil become wet, condensate
carryover is a possible cause
that must be assessed.

The presence of carryover can
best be established by visual
observation (portholes, fiberop-
tics, etc.) downstream of the coil,
during the cooling operation,
when the latent heat load (water
removal) is high. The entire sur-
face of the coil must be viewed in
order to determine the cause and
location of the deficiency.
Uniform carryover indicates one
deficiency; carryover in local
areas indicates other deficien-
cies.

The three most common caus-
es of condensate carryover are:

1. Unsatisfactory coil design;

2. Dirty cooling coils; and

3. Distorted air velocity pro-
file entering the coil.

Unsatisfactory coil design.
Coil design is unsatisfactory
when condensate carryover
appears somewhat uniformly
over the entire face of a clean
cooling coil. The following design
parameters determine the cool-
ing coil condensate carryover
characteristics: airflow of the air
handler; height and width of the
cooling coil; size and spacing of
the coil tubes; and thickness and
spacing of fins on the tubes.

Figure 1 illustrates, for a typ-
ical coil design, the relationship
among these parameters. The
air velocity at the coil face,
shown in this figure, is deter-
mined by dividing the air han-
dler airflow by the face area of
the coil.

Problem definition: When
condensate carryover, due to coil
design, occurs in a particular
system, it can be remedied only
by changing one or more of the
parameters included in Figure 1.

Generally, in existing sys-
tems, it is not practical to make
significant changes in coil geom-
etry. Thus, the most practical
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Figure 2. The effect of drain port size and position on condensate flow rate, under the force of

gravity.

way to eliminate condensate car-
ryover is to reduce air velocity at
the coil face; that is, reduce air-
flow.

Remedies: Reduced airflow
can be achieved most effectively
by changing fan speed, which

involves either a change in size

of pulleys or a change in the
motor speed, if the motor speed
is variable.

It is often possible to reduce
airflow without causing system
problems. Many times hvac sys-
tems are oversized. In such
cases, reduced fan speed intro-
duces no penalty in cooling per-
formance.

Moreover, total cooling capac-
ity is relatively insensitive to
airflow. For example, a reduc-
tion in airflow of 20% typically
reduces total cooling capacity by
about 5% at the rated point.
Sensible cooling capacity is
reduced more, but latent cooling
capacity is increased.

Even in those instances
where the total cooling capacity
is compromised by reduced air-
flow, the best choice may be to
accept this compromise and
eliminate the serious property
damage and health problems
associated with condensate car-
ryover.

In installations where the coil
design is similar to that shown
in Figure 1, the reduction in air
velocity needed to eliminate car-
ryover can be approximated as
follows.

® Compute air velocity at the
coil face in feet per minute by
dividing the airflow (cfm) by the
face area (square feet — height
times width) of the cooling coil.

® With the coil face velocity,
enter Figure 1 at the spacing
ratio and fin spacing determined
from coil measurements. The dif-
ference between this point and
the point where carryover is
indicated by Figure 1, indicates
the reduction in velocity and,
therefore, the airflow reduction
required to eliminate carryover.

At best, however, this process
only provides a starting point.
The proper airflow reduction is
that which eliminates conden-
sate carryover, a condition that
must be determined by visual
observation or other suitable
means.

The installation of moisture
eliminators downstream of the
coil is not a viable method for
preventing carryover. Elimina-
tors add significantly to the

Next Page, Please
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Figure 3. Contamination problems created by wide drain pans.

Condensate control

Continued from page 3

pressure loss in the system and,
therefore, reduce airflow. In
addition, they introduce another
potential growth place for bio-
logical contaminants.

DIRTY COILS

Dirty cooling coils. Conden-
sate carryover may sometimes
be observed in systems where
the cooling coil design is entire-
ly satisfactory. The cause may
be dirty coil surfaces.

Because dirt does not always
collect uniformly on the cooling
coil, carryover may occur in lim-
ited local areas of the coil.

Problem definition: Dirt
and other foreign material
deposited on the surfaces of cool-
ing coils can reduce the area for
airflow and increase the air
velocity sufficiently to effect
condensate carryover.

Unrelated to condensate car-
ryover, dirty coils have other
adverse consequences. They
reduce heat transfer and
decrease system efficiency.

Remedies: Within the
industry, the most widely
endorsed solution to dirty coil
conditions is a maintenance pro-
gram that involves periodic coil

cleaning.

When properly defined and
performed regularly, coil clean-
ing can be adequate to avoid
carryover resulting from dirty
coils. However, coil cleaning is a
costly and time-consuming
process.

Furthermore, in many exist-
ing systems, the cooling coils are
so inaccessible and cleaning is
so difficult that it is often
deferred until a major problem
arises.

Probably the most depend-
able and cost-effective way to
maintain coils in an acceptably
clean condition is to use filters
with adequate capacity to
remove particles that accumu-
late on the coil, thereby avoiding
the need to perform frequent
cleaning.

AIR VELOCITY

Distorted air velocity profile
entering the cooling coil. Air
entering the cooling coil with a
non-uniform velocity profile can
cause carryover, even when the
average face velocity is below
where carryover would occur, as
indicated in Figure 1.

Carryover caused by this
condition can be defined by visu-
al observation. And, the location
and source of the distorted air-
flow can be identified and cor-
rected.

Problem definition: In
draw-through systems, distort-
ed airflow can be generated; for
example, when air enters a
short-coupled return plenum at
right angles to the coil.

In blow-through systems, the
coil may be subjected to a very
adverse velocity profile created
at the fan discharge. Carryover
of this type is evidenced by con-
centration in local areas of the
coil, where airflow distortion
occurs.

Remedies: Carryover
caused by distorted airflow may
be remedied by installing longer
plenums and/or turning vanes.
Properly installed turning vanes
and longer, more efficient dif-
fusers not only improve the
velocity profile; they also can
significantly reduce pressure
losses.

Turning vanes and longer
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plenums require more space,
additional hardware, and added
costs. Nevertheless, in certain
cases, major changes may be
necessary to eliminate the detri-
mental spread of condensate if
an effective maintenance pro-
gram is to be achieved.

CONDENSATE DRIPS

Any hvac system that allows
condensate to drip onto internal
surfaces and components is sub-
jected to internal damage and
the growth of contaminating
organisms.

Sloped cooling coils and non-
insulated coolant lines (refriger-
ants or water) are often the
source of condensate drips.
Systems that exhibit these qual-

ities must be modified, because
routine scheduled maintenance
does not protect against these
conditions, nor does it remedy
the causes.

Drips from sloped cooling
coils. Sloped cooling coils includ-
ed in some hvac systems are
prone to drip condensate onto
surfaces outside the condensate
drain pan.

Problem definition:
Condensate that drips from a
slanted coil onto surfaces out-
side the drain pan -creates
destructive and contaminating
conditions.

At small slope angles, surface
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Condensate control

Continued from page 5

tension may be adequate to
retain the condensate and allow
it to drain into the condensate
pan. However, foreign deposits
on the coil can easily destroy the
effects of surface tension and
cause dripping to occur. )

Air velocity entering the coil
tends to reduce dripping from a
coil that is sloped rearwardly
(from the top) when the fan is
operating. But it is not a reliable
force for preventing condensate
dripping.

Remedies: Extending the
condensate drain pan to catch
condensate drips is not a viable
solution. It introduces another
equally serious condition: large
drain pans.

In order to ensure adequate
condensate control and a dry
system that is free of harmful
contaminants, sloped coils must
be kept clean at all times and
the fan should not be turned off
during the cooling period. The
air filter must never be placed
below the cooling coil, where
dripping condensate creates

conditions conducive to the
growth of health-threatening
organisms.

Filters mounted below the
coil must be moved upstream to
eliminate a major source of sys-
tem contamination. Slanted
coils increase the susceptibility
of systems to internal wetness

and contamination: as a mini-
mum, a more stringent and
high-frequency maintenance
program is necessary for these
systems.

Drips from non-insulated
coolant lines. All too frequently,
existing hvac units have non-
insulated coolant lines that pass
through the cooling airflow pas-
sage, causing condensate drips
along their paths.
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REDUCED SIZE
DRAIN PAN

ADDED PAN WALL

4

ORIGINAL SIZE
DRAIN PAN

DRAIN CONNECTION MUST BE:
o FLUSH WITH BOTTOM OF PAN
o MALE TYPE FITTING

Figure 6. Drain pan reduced in size.

Problem definition:
Condensate that drips on sur-
faces outside the drain pan
causes damage to the hvac sys-
tem and creates conditions con-
ducive to health-threatening
biological growth.

Remedies: This condition,
much too common in current
systems, is simple to remedy. It
can and must be eliminated by

‘applying suitable insulation to

all bare coolant lines.

UNSUITABLE DRAIN
PAN DESIGNS

Condensate drain pans in
many hvac systems now in the
field are so configured that the
necessary maintenance effort
varies between very difficult to
impractical to perform.

Among the most troublesome
features are:

e Large drain pans;

¢ Primary drain port loca-
tion; and

¢ Internal baffling.

Systems that exhibit these
characteristics must be modified
before a reasonable mainte-
nance program can be imple-
mented.

Large drain pans. Systems
that make use of large conden-
sate drain pans (often extended
downstream of the cooling coil to
protect against condensate car-
ryover) cannot confine the
spread of condensate within the
boundaries necessary to permit
successful maintenance.

Problem definition: As
condensate forms and drains
into the pan, it will stand there
at some finite depth. If the drain
pan is level — as is common for
systems now in the field — con-
densate will cover the entire
pan.

The precise depth at which
condensate stands depends
upon the pan geometry, and the
rate at which condensate is
drained from the pan.
Typically, the depth varies
between about /s in. (3 mm) and
/2 in. (12 mm) or greater. (See
Figure 2, page 3.)

During system operation,
condensate in the drain pan will
flow from the area below the
cooling coil to the drain port,
leaving the remainder — in fact
most — of the condensate in a
stagnant state. There, it
becomes a growth haven for con-

taminating organisms, as illus-
trated in Figure 3 (page 4).

Remedies: For hvac units
now in the field, sloping the
drain pan by tilting the hvac
unit is one way to reduce the
pan area covered with stagnant
condensate. Figure 4 (page 5)
illustrates the effect of sloping a
drain pan in one direction.

Sloping the pan in both direc-
tions, of course, further reduces
the area of stagnant condensate.
Hence, with sufficient slope in
two directions, it is possible to
virtually eliminate stagnant
condensate in the pan.

Sloping the pan, however, by
no means makes a large pan an
acceptable remedy for conden-
sate carryover. Carryover

droplets deposited on the pan
will not drain readily to the
drain port. Instead, they will be
held in place by surface tension,
providing another potential
source of biological contamina-
tion.

The equipment damage and
contamination problems caused
by large drain pans now in the
field can be remedied by simply
reducing the pan size to that
required to catch the condensate
and accommodate flow in the
pan.

The length of the pan must
be sufficient to cover the base of
the cooling coil. The pan area is
then fixed by pan width — the
distance the pan extends away
from the cooling coil.

The width of the drain pan
must be sufficient to accommo-
date the maximum condensate
flow rate, yet not so wide as to
allow condensate to stagnate.
Pan widths considered accept-
able for systems with various
cooling capacities and conden-
sate drain sizes are shown in
Figure 5 (page 6).

The most effective way to
reduce large pans to a suitable
size depends upon the specific
system involved. Where possi-
ble, the most desirable pan is
one constructed of a durable,
nonmetallic material or stain-
less steel.

Often, however, the most

Next Page, Please
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Condensate control

Continued from page 7

practical way to effect pan size
reduction is to install a wall
inside the current drain pan, as
illustrated in Figure 6 (page 7).
In some cases it may be neces-

sary to relocate the drain port
and place it at the end of the
pan, as indicated.

If the pan and attachments
already in place are constructed

of ferric metals, they must be
replaced or treated with durable
(long-life) protective coatings.
This is because under some con-
ditions, the presence of iron
accelerates the growth of certain
harmful bacteria.

Condensate drainage can be
enhanced and protection
against the formation of water
puddles can be realized by tilt-
ing the hvac unit toward the
drain port, as discussed above.
A slope of Y+in/ft (2 cm/m) is
usually adequate. However, the
unit should be tilted only with
the approval of the equipment
manufacturer.

DRAIN PORTS

Primary drain port location.

Proper drain port location is
essential to adequate drainage
and condensate control.

Problem definition: Drain
ports located above the bottom
of the drain pan inherently pre-
vent complete drainage of con-
densate. Water standing in the
pan below the drain port level
collects and retains debris, sup-
ports the growth of biological
agents, and contaminates the
system.

Frequent cleaning and main-
tenance are required to prevent
serious property damage and
human  health problems.
Moreover, location of the drain
port above pan floor level makes
cleaning and scrubbing unduly
difficult and time-consuming.

Maintaining such a pan free
of contaminants is not realisti-
cally feasible.

Remedies: An acceptable
maintenance program dictates
that drain ports be flush with
the bottom of the drain pan.
Whenever feasible, the drain
port should be placed in the bot-
tom floor of the drain pan, to
further improve drainage. (See
Figure 2, page 3.)

Baffles in condensate drain
pans. The drain pans in some
draw-through hvac package
units now in the field, are
equipped with internal baffles.
Evidently, these are intended to
prevent condensate from blow-
ing into the system, where it can
cause damage to internal com-
ponents and promote health-
threatening biological growth.

In most draw-through sys-
tems in the field today, conden-
sate blowing is a serious prob-
lem that arises when no seal has
been installed, or when the seal
depends upon a trap that is dry;
for example, during initial sys-
tem startup, or startup for sum-
mer cooling. (Traps become dry
in winter due to evaporation
and/or freeze-plug expulsion.)

Problem definition:
During these operating condi-
tions, baffles can reduce,

although they rarely eliminate,
condensate blowing when no
drain seal is present. But they
present a significant mainte-
nance problem.

More surface area is exposed
to condensate, and the potential
for system contamination is
magnified. And, because of the
small air and water passages in
the baffles, condensate pans sel-
dom drain well, and condensate
flow is often blocked by debris.

Frequent cleaning of baffled
systems is therefore imperative.
Yet, the interiors of baffle
arrangements are so inaccessi-
ble that reasonable mainte-
nance procedures usually are
not feasible.

Remedies: The implementa-
tion of a practical maintenance
program requires the removal of
troublesome baffles and the use
of a reliable and effective drain
seal that eliminates the conden-
sate blowing, for which the baf-
fles were initially installed.

This article was excerpted
with permission from
“Condensate Control,” by
authors Warren and Curtis
Trent, in the HVAC
Maintenance and Operations
Handbook, published by The
McGraw-Hill Companies
(Copyright 1998). Warren Trent
is ceo and Curtis Trent is presi-
dent of Trent Technologies, Inc.,
Tyler, Texas, manufacturer of
the CostGard™ condensate con-
trol device (drain seal). They
may be contacted at 535 WSW
Loop 323, Suite 301, Tyler,
Texas 75701-9453; 903-509-
4843; 903-561-0169 (fax).
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