
CORROSION ON HEATING COILS

Lyle Carter
Carter-Sprague, Inc.

Beaverton, OR

During the last few years we have had the occasion to help solve several
problems relating to kiln corrosion. Corrosion is commonly found in all areas of
the dry kiln. This is not surprising as all the ingredients of corrosion are found in
the kiln. We have dissimilar metals, an often highly acidic environment, and
moisture. Many of these corrosion problems arc on the external side of the center
coils. That is primarily the area which we will discuss today.

Canister' defines corrosion as

"the destructive and unintentional attack of metal; it is usually electro-
chemical and ordinarily begins on the surface."

	  the corrosion process is normally electrochemical, that is, a chemical
reaction in which there is transfer of electrons from one chemical species to
another. Metal atoms characteristically lose or give up electrons in what is
called an oxidation reaction."

We call the results of this reaction rust.
The one element needed in order to start the corrosion process is moisture.

Since the dry kiln evaporates water into the air, all that is necessary to start the
corrosion process is to allow some component of the dry kiln to cool to, or below,
the dew point temperature.

Dew point is the temperature to which the air/vapor mixture would have to
be cooled before condensing would occur. For example, if the kiln was operating
at 180°F dry-bulb and 160° F wet-bulb, the air, or some surface in contact with the
air would have to be 159° F degrees or cooler before condensing would occur.

But we said we were going to talk about external corrosion of the center coils,
and how can the temperature of a coil with steam in it drop below 159 F? The
answer to this question is that at least a portion of the coil, the portion suffering
corrosion, has condensate in it.

Lets look at the cross section of the double track kiln shown in Figure 1. If
water is allowed to back up into the coil, air passing over the fins of the pipe
remove the heat from the water (at points 2 and 3) much faster than the steam can
reheat the water .from the surface (at point 1).

There are at least seven things that happen, all of which contribute to
condensate backing up in the heating coil. These factors may be acting individually
or in groups. Let's look at each of these seven.

1. Pressure in condensate line

Back pressure on the discharge of the steam traps will cause water to back up
in the heating coils. This back pressure may be caused by -

- undersized condensate lines, providing additional resistance to flow,

Callister, William D. Jr. 1985. Material Science and Engineering. John Wiley
and Sons, NY. 602pp.

9



UNDERSIZED VENT PIPE

ABOVE GROUND
CONDENSATE
RECEIVER TANK

11\

•

CONDENSING STEAM € 230T

190•

AIR FROM FIRST
CRIB € 170•

PROPORTIONAL CONTROL STEAM VALVE

LOW STEAM PRESSURE

UNDERSIZED TRAP

Figure 1. Cross section of double track kiln.
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SMALL SURFACE AREA OF CONDENSATE PRESENTED TO STEAM, LARGE SURFACE
AREACFINS) TO CARRY HEAT FROM CONDENSATE.

DEW POINT ON OUTSIDE OF COIL IS REACHED RAPIDLY AS YOU DROP BELOW
WATER LINE ON THE INSIDE OF COIL.
AS THE KILN STRUGGLES UP TO THE SET POINTS, THE KILN AIR IS ALWAYS
HOTTER THAN THE CONDENSATE IN THE LOWER PORTION OF THE WATER-
LOGGED COIL.

Figure 2. Cross section of water-logged center coil.
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- an above ground receiver tank, which requires additional head pressure to
lift the condensate into the tank,

- a receiver tank that is not properly vented, requiring additional steam
pressure to overcome the pressure in the tank.

2. Trap size

The traps may be undersized, restricting the rate of flow. Most steam traps
lose capacity very rapidly if the differential pressure is less than 5 psi.

3. Modulating valves

Proportional control valves actually contribute to the problem. The control
valve controls the temperature within the dry kiln by throttling the steam pressure,
and controlling the coil to the saturation temperature, not by controlling the flow.
If only a small amount of heat input is required, the valve will be only cracked
open. The steam will be throttled to a very low pressure in order to give a coil
temperature only slightly above the kiln temperature. A low coil pressure coupled
with any back pressure will cause the coil to be partially filled with water.

It is possible to have a pressure in the coil of less than zero psig. Not only
will the coil not drain, it may actually draw water back into the coil through the
trap.

4. Large heating coils

Excess heating capacity (more coils than can be used efficiently) will also
contribute greatly to the problem of water logged coils, and therefore corrosion.
Since the dry kiln is typically a batch process, with maximum heating requirements
at the beginning of the schedule and tapering off to near zero toward the end of the
schedule, you are likely to have excess heating capacity in the later portion of the
schedule. At that point, depressions are wider, the air is drier, the lumber is not
requiring as much energy, and it is less likely that a dew point will be reached. 1
believe the problems associated with excess heating coils are that it allows the kiln
to reach the point of having excess heating capacity much earlier in the drying
schedule.

Earlier in the drying schedule the lumber is requiring much more energy, the
air is being cooled by the lumber and thus is taking the heat away from the fin pipe
much more rapidly. As the temperature set points become satisfied, the control
valve throttles back and the pressure in the coil is reduced. As the pressure in the
coil is reduced the capacity of the trap is also reduced. If any of the previously
mentioned problems are present in the system, it is easy to see how water -
condensate - backs up in the coil.

As water backs up in the coil, the water is effectively removing radiating
surface from the coil. As the water level raises in the coil, the area of the coil
above the water line is providing the required amount of energy to the dry kiln. In
order for the smaller area of the coil to provide the given amount of energy to the
air, the control valve opens wider, the pressure in the coil increases, therefore the
temperature of the coil increases. As the pressure increases, the system is able to
move water from the coil, and a point of equilibrium is reached in which the
pressure, temperature, energy to the kiln, and water level in the coil are all in
balance.

The problem now is that all the heat is coming from the upper portion of the
coil. The kiln continues to evaporate water from the lumber, especially the upper
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portion of the loads. As the kiln temperature increases and the wet-bulb
temperature increases, we soon reach a point where the lower portion of the coil
is below the dew point, condensing occurs and corrosion is on its way.

5. Highly acidic woods

Drying woods whose condensate is highly acidic, low on the pH scale, is likely
to accelerate the corrosion process. This is especially true if any of the previously
mentioned problems contributing to water logged coils already exist. Examples of
these woods arc hemlock and oak. Drying treated lumber is often very corrosive.

6. Single wet-bulb in a double-track kiln

The last two conditions which contribute to the corrosion of the center coils
relate to unequal drying in each direction of the air flow. In fact, in most cases of
corrosion of the center heating coils we have observed, the corrosion is much more
severe on one side than the other.

We have discussed this before and are convinced that the unequal rate of
drying in each fan direction relates to the wet-bulb temperature actually increasing
slightly as it passes through the center heating coil. Therefore when the airflow is
in the direction to cross the center coil and pass through the second load and then
contact the wet-bulb, the bulb is hotter and requires venting. The additional
venting evaporates more water, causing the center coil to work harder, raising the
temperature of the coil above the dew point, and corrosion is reduced.

In the other direction, the air passes through the overhead coil and then
contacts the wet-bulb. The air can easily be controlled to the set wet-bulb
temperature, and the kiln tends to coast in that direction. With less energy demand
the control valve throttles hack, the coils tend to water log, and a dew point condi-
tion can be reached.

7. Airflow over wet-bulb is affected by fan direction

Another factor which contributes to and compounds the problem relates to
the lack of air velocity over the wet-bulb when the bulb is on the leaving-air side
of the load. Authorities on this subject state that there should be 650 feet per
minute over the wick to have an accurate wet-bulb temperature reading. Normally,
this would not be possible when the wet-bulb is on the entering-air side of the load,
and never when the wet-bulb is on the leaving-air side of the load.

The lower velocity air does not attain the same degree of evaporation -
cooling from the wick and the bulb reads hotter than it is.

SUMMARY

In summary, there is one factor in the corrosion process you do have some
control over, moisture condensing on the surface being corroded. If you can reduce
or eliminate the amount of moisture being condensed, keep the surface drier, you
will directly reduce the amount of the corrosion.
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