Chapter 7: PRINCIPLES OF DRAFT, FLOW,

AND VENTILATION

Most customers think of the chimney as a way to get smoke out of the house and as an
added expense. In fact, the chimney not only removes exhaust, but it is also responsible for
supplying the combustion air that starts and sustains the fire.WWarm gases rising from the

fire create the vacuum effect at the appliance opening that supplies combustion air to the fire.

As both the means of moving air into the fireplace and moving smoke and gases to the
outdoors, the chimney is a crucial part of the woodburning system. It, in fact, drives the
system. The venting system must also protect nearby combustibles from sustained high
temperatures and from the extreme temperatures of a chimney fire. It must also protect

the roof and other nearby objects from sparks and smoke damage.

Given the importance of the venting system, it should be clear that understanding the
basic principles of draft, flow, and ventilation are essential for planning, assessing, and
installing chimneys. We look first at natural draft, the predominant method of venting for
woodburning appliances, and then at mechanical draft, a method typically used to correct

natural draft system problems.

I. NATURAL DRAFT

If the venting system is the engine that brings air to the fire and that removes combustion
by-products, how does it work? The subject is complex and important. For our purposes
here, we will concentrate on the fundamentals:

* Heated gases have a tendency to rise (buoyancy).

» The difference in temperature between rising heated gases and the surrounding
atmosphere creates a measurable force that results in gases flowing from zones of

high pressure to zones of low pressure.
* The term that describes and quantifies the force making gases flow is draft.

* The greater the temperature difference between the heated gases in the flue and the

cooler air outside the chimney, the more draft (more force) is created.

A certain volume of gases must travel through the venting system (flow) in order to

remove the products of combustion and to introduce combustion air to the appliance.
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Natural Draft: the force of the pressure difference created in a venting system by the temperature difference
between the gases in the venting system and the outdoor air. That negative pressure can be measured by a

manometer or digital pressure gauge in Pascals or in water column inches.
Mechanical Draft: the force of the pressure difference created in a venting system by an electrically powered fan.

Flow: the volume of gases that pass through a venting system as a result of draft. Resistance to flow has the net

effect of reducing the results of draft.
Negative pressure: less than normal atmospheric pressure.

Positive pressure: greater than normal atmospheric pressure.
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The second factor at work in a venting system is flow. Flow is the volume of gases that
pass through the venting system as a result of draft. While draft is the force that moves
gases, the amount of flow determines whether the venting system performs successfully.
There must be sufficient flow to remove flue gases at the rate they are produced and to

provide adequate combustion air.

We consider now the factors that determine draft and flow and their relationship to

one another.

I.1 Factors Determining Natural Draft

Since natural draft is a function of the temperature differences between flue gases and

outdoor air, the following variables can produce and affect that difference:

I. The amount of heat available from the fire. A smoldering fire produces little heat and
therefore low flue gas temperatures. The lack of temperature difference can mean that
the upward flow is weak and unstable. Or a very hot fire can create a huge difference

in temperature (so much that excess draft is created and energy is wasted).

2. Outdoor temperatures. Colder weather is better for draft because it produces a bigger
temperature (and thus pressure) differential. The same fire that produces adequate heat
and draft in cold weather could have draft problems in mild or warm weather because

not enough force is created from the more similar temperatures inside and outside the flue.

3. Ability of the chimney to hold heat. A chimney with poor insulating qualities or that is
exposed to extremely cold weather can absorb or lose the heat of the flue gases. The
result is a loss of temperature difference (the cooling of flue gases brings them closer

to outdoor temperatures).



7.3 Relationship of Draft and Flow

4. Height of the chimney. Since draft is the difference between pressures, the taller the column
of heated gases, the greater the total difference between its pressure and that of the

surrounding air.

2. FLOW

We will see in the discussion below that flow and draft are interdependent, but it is impor-
tant to make distinctions between them in order to understand and isolate the factors that

produce or prevent successful venting.

2.1 Factors Determining Flow

The primary factors that affect how much and how well gases move through a venting

system (flow) include:

I. Draft. With all other factors equal, the stronger the force generated by temperature
difference between flue gases and outside air (draft), the greater the volume of gases

that move through the system (flow). Likewise, weaker draft produces less flow.

2. Cross-sectional area. The size of the flue is a determining factor for the amount of gases
that can move through the system in a given time period. The amount of flow possible
in a venting system is known as flow capacity. The general rule that the larger the flue,
the greater the flow capacity has an important exception. Increasing the flue size signif-
icantly beyond the area of the appliance flue collar has the effect of reducing draft due
to the cooling effect of flue gases moving more slowly through the system and due to
their losing more heat to the larger surface area of the flue. See relationship of draft

and flow, below.

3. Resistance to flow. Gases moving through a venting system encounter constant friction,
or resistance to their flow. While a certain amount of resistance is unavoidable, there
are variables in venting system components and configuration offering different
amounts of resistance. These variables include turns (elbows, tees, offsets), horizontal
runs, obstructions, wind, and competing sources of negative pressure. See relationship

of draft and flow, below.

3. RELATIONSHIP OF NATURAL DRAFT AND FLOW

Natural draft is a relatively weak force that is sensitive to a number of factors. Essentially
anything that affects the difference between the temperature of flue gases and the outside
atmosphere affects draft. When isolating factors that affect draft-in planning or troubleshooting,

for example-adequate heat production, ability to retain heat, and flue height are the
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primary concerns. For flow, the primary concerns are adequate draft, adequate capacity

(size), and factors affecting resistance to flow.

It is also necessary to be able to assess the interaction of draft and flow. While draft

has an immediate and obvious effect on flow, factors that affect flow eventually affect flue

gas temperature, and therefore affect draft. For example, restrictions to flow reduce not

only the amount of gases moving through the venting system, but also the amount of

combustion air drawn into the appliance. If combustion air is reduced, flue gas temperatures

— and draft — decrease.

Factors that indicate the close relationship between draft and flow include:

SOURCE OF NEGATIVE HOUSE PRESSURE

HOUSE STACK EFFECT: HEATING AREA
OF HOUSE HIGHER THAN CHIMNEY MAY
COMPETE WITH CHIMNEY.
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l.

Restrictions to flow. Any restrictions that slow gas flow, such as
undersized vents, changes in venting directions (elbows, tees,
bends), obstructions or blockage, can affect draft adversely by
affecting the combustion process and resulting lower flue gas

temperatures.

Pressure conditions in the house. Tight house construction for
energy conservation reduces the exchange rate of outside air
into the house and the available supply of combustion air.
Woodburning systems are in competition for the limited air supply.
If there is a force within the house that creates stronger negative
pressure than the woodburning appliance venting system can
produce, flow is reduced and draft may be compromised or over-
come. Results can include incomplete combustion resulting in
increased creosote buildup and spillage of combustion by-products

into the home. Competing sources of negative pressure include:

exhaust devices such as bathroom and/or kitchen range exhaust

fans (particularly downdraft kitchen range exhausts)
appliances such as clothes dryers and central vacuum units
combustion appliances such as gas furnaces and water heaters
leaking furnace ductwork

additional hearth appliances, particularly an upstairs solid fuel

open fireplace (or one with a gas log set).

house stack effect: heated portion of the house taller than the
vent termination (leaks or open window in upper portion of

house create chimney effect greater than that of venting system)





















