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An introduction to

MASONRY HEATERS

' ﬁ \ & A masonry heater is a
‘ high mass device,

that allows wood to be
burned for home
heating in a unique
way.

@ Chris Prior Designs



An introduction to

MASONRY HEATERS

A/ \¥ 1t’s main distinction is
: | the ability to store a
large amount of heat.

@ Chris Prior Designs
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MASONRY HEATERS

sy .
e This means that you

can rapidly burn a
large charge of wood

without
overheating the house.
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MAS()NRY HEATERS

It has an interior
construction
consisting of a firebox
and heat exchange
channels

built from refractory
components.
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A mass of at least
1,760 Ibs. (800) kg.

Tight fitting doors
that are closed during
the burn cycle.
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wall thickness not

exceeding 10 in,
(250) mm.
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MASONRY HEATERS

The external surface
of the masonry heater,
except immediately
surrounding the fuel
loading door(s),

does not exceed
230 F, (110) C.
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MASONRY HEATERS

The gas path through
the internal heat
exchange channels
includes.

at least one 180°
change in direction,
before entering the
chimney.
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MASONRY HEATERS

The length of the
shortest single path
from the firebox exit

to the chimney
entrance,

| ‘Q‘ IS at least twice the
F largest firebox
dimension.




MASONRY HEATERS

Wiy should sweeps be imterested

S L A .

There are a number of
reasons why sweeps
should have an interest
in masonry heaters




MASONRY HEATERS

Wiy should sweeps be imterested

“ Sweeps are intimately
tamiliar with the most
common types of
venting systems

Fireplaces
Furnace systems
Wood, gas and pellet
burning stoves




MASONRY HEATERS

Wiy should sweeps be imterested

It is logical that
masonry stoves should

also be included
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MASONRY HEATERS

Wiy should sweeps be imterested
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heaters,
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and have no idea how
Ad to even begin to service
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MASONRY HEATERS

1y should sweeps be interested

. .. e

= Many sweeps are
doing some fine
masonry work,

and it has become a
big part of their
business
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Wiy should sweeps be imterested

¥ trained many sweeps
"~ in the art of building
fireplaces.

—— — I and others have

They have become
very talented
“sSweep-masons”.
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Wiy should sweeps be imterested

Building masonry

mEELE
+ 1

y/ heatersis a logical next
/" §

step,

in the evolution of the
“Sweep-mason’.




MASONRY HEATERS

W

1y should sweeps be interested

There is a great
resource where sweeps
can learn about
masonry heaters,

and how to build and
service them.
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The Masonry Heater Association of
North America
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‘ Of North America




MASONRY HEATERS
A brief lhistory

When the ancient
European and
Scandinavian

cultures first started
using fire,

Over time, two
distinctly different
paths were followed




MASONRY HEATERS
A brief lhistory
250 | e A The Western
&*% . &  Europeans cultures
liked to gather
around the open fire.

;

Rocks were often
piled up as a
reflective back drop
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A brief lhistory

SN = - i The Western
\.\; - S 2N .{,‘ c,.,-
R NS Wf Europeans cultures
\ ) ,.\"\\;{B{Q”i " e o
R R R s with a more

moderate climate,

‘Y f){}# tell in love with the
LR flames.




MASONRY HEATERS
A brief lhistory

Eventually the
fireplace developed

‘ for cooking and to
‘ heat their homes.
"\‘ » A e f— The chimney would

come into use much
later.
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MASONRY HEATERS
A brief lhistory

The Eastern
Europeans and
Scandinavian
cultures by contrast,

' th\ lived in 2a much
g .
colder climate.

J' .
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MASONRY HEATERS
A brief lhistory

T%%*  They realized that
after the fire went
out,

the rocks remained
hot for a very long
time.




MASONRY HEATERS
A brief lhistory

T %% They surrounded the
fire with rocks to
heat them up,

They used the hot
rocks to cook and
stay warm.




MASONRY HEATERS
A brief lhistory

“*  Masonry stoves
eventually developed




MASONRY HEATERS
A brief lhistory

Since our North
. American heritage Is
mainly British and
French,

5

. d we share this tradition
N .
J of having fireplaces
in our homes.
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A brief lhistory

| -

Had we been settled by
' the Eastern European

and Scandinavians,

we would have a tradition
of masonry heaters in our
homes.



MASONRY HEATERS
A brief lhistory

This is an example of
an early
multi-function wood
fired clay masonry
heater,

built in Rumania
and the Ukraine.




MASONRY HEATERS
A brief lhistory

This massive hearth
was an oven, bench
and sleeping
platform, all in one.

This picture is from
David Lyle’s book

“the book of
masonry stoves”




MASONRY HEATERS
A brief lhistory

Several different heater

?;{ — ",_,.’f;f‘ types evolved in separate

;,'-‘;::‘ ‘ | ?&} regions.

,':; -g'_:s';‘:'% Five types are most

g = e—esz=e=r=  commonly built in North
SEEEE T America.
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More about this later



MASONRY HEATERS
Heater Building Options

= :
— - , There are a number of
e APl o ways of constructing a
R e s e =
e masonry heater:
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MASONRY HEATERS
Heater Building Options

Prefabricated Heater

( Tulikivi, Biofire )

The complete heater
including the facing,

is assembled on site from
factory prefabricated
components.
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Heater Building Options

Prefabricated Heater
Core

( Tempcast )

Heater core is assembled
onsite from factory
prefabricated
components.
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Heater Building Options

Prefabricated Heater
Core

( Tempcast )

Heater facing is installed
onsite with locally
sourced materials.
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[Heater .

building Options

‘ Hybrid Cores
( Heat-Kit, AlbieCore )

Factory prefabricated
components are combined
with locally sourced
standard firebrick

Heater facing is installed
onsite with local
materials.
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[Heater .

building Options
\ Hand-Built

The entire heater core is
built with locally sourced
firebrick and other
refractory materials.

The core can be built
from purchased plans or
custom designed.
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Heater Building Options

Hand-Built

The first three options are
relatively new.

Until recently, all
masonry heaters were
hand-built onsite and
often custom designed.




MASONRY HEATERS
Most Common lHeater Types

Contra-Flow
(Finnish)

Swedish
(5 Run)

Grundofen
(German and Austrian)

Russian

Bell heaters



MASONRY HEATERS
Most Common lHeater Types

Finish Contra-Flow

This 1s by far the
most popular core
design built in North
America.
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Most Common lHeater Types

Finish Contra-Flow

The design is
symmetrical in
appearance.
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Most Common lHeater Types

Finish Contra-Flow

The doors and
cleanouts are
oenerally centered
in the structure.
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Most Common lHeater Types

Finish Contra-Flow
The design features
a firebox in the
lower center,
with a smoke
chamber directly
above it.
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Most Common lHeater Types

Finish Contra-Flow
Above the smoke
chamber is a narrow
throat,
leading to a
secondary
combustion
chamber.
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Some real explosive combustion takes place here



MASONRY HEATERS
Most Common lHeater Types

Finish Contra-Flow
At the top, is a
narrow throat,
that leads to the
tertiary, or (third),
combustion
chamber.




MASONRY HEATERS
Most Common lHeater Types

Finish Contra-Flow
The gas stream
splits in half,
and each half enters
a downdraft channel
located on both sides
of the heater core.

F-




MASONRY HEATERS
Most Common lHeater Types

Finish Contra-Flow

Fiche ads
LA\ |
The left and right
downdraft channels
are connected
together at the
bottom with a
manifold,

forming a “U-tube™.
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Most Common lHeater Types

e Finish Contra-Flow

The left and right
downdraft channels
are connected
together at the
bottom with a
manifold,

forming a “U-tube™.
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Most Common lHeater Types

Finish Contra-Flow

o=
The to the
chimney is located at
the of the

heater core,
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Most Common lHeater Types

Finish Contra-Flow

o =

It can be located at
the base of either
downdraft channel,

or in the cross-over
manifold.



MASONRY HEATERS

s
-
)
=
22
o—]
©
&
=
D,

This core design is

ocaining

quickly
popularity in North

America.
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The Swedish 5 Run

design has much in

common with the

Finish Contra-flow.
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FIG. 6 Five Channel Masonry Heater J SW@@ﬁgh 5 R‘[@[@

Both designs are
symmetrical in
appearance.

The doors and
cleanouts are
oenerally centered in
the structure.
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Swedish 5 Rum

Like the
Contra-flow, the
firebox is in the

lower center of the
core,

with a smoke
chamber directly
above it.
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Swedish 5 Rum

At the top of the

smoke chamber,

there is a narrow
throat,

that leads to a
secondary
combustion
chamber.
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Swedish 5 Rum

At the top, Is a
narrow throat that
leads to the tertiary,
or (third),
combustion
chamber.




MASONRY HEATERS

Swedish 5 Rum

The gas stream
splits in half,

and enters a
downdraft channel
located on each side
toward the front of

the heater core.
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Swedish 5 Rum

Here is where the 5
Run core
from the contra-flow
design.
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Swedish 5 Rum

At the bottom of
each downdraft
channel,

the gas stream turns
180°
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Swedish 5 Rum

The gasses then

enter an

channel on each
side.
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Swedish 5 Rum

At the top of the
updraft channels,

The gasses enter a
connecting
the two updraftt
channels
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Swedish 5 Rum

The Swedish 5 Run
design has the flue
exit located at the

of the core.
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Swedish 5 Rum

It can be located at
either the top,

or on the back side
of the core at the top
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Swedish 5 Rum

With the addition of
an updraft channel
on each side of the

heater,
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Swedish 5 Rum

The Swedish S Run
has an additional
of heat
exchange channel,

when compared to
the Contra-tlow
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Swedish 5 Rum

Remember the
3 S
emperature

urbulence, and

ime
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Swedish 5 Rum

With 14 feet of
additional heat
exchange channel,

There is more
for heat to transfer
into the mass of the
heater
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Grundofemn
(Germamn, Austriam)

This core design is not
as popular as the
Contra-flow
in North America.
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Grundofemn
(Germamn, Austriam)

The design is at all
symmetrical in
appearance.

The doors and
cleanouts are generally
to either side of
center in the structure.
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Grundofemn
(Germamn, Austriam)

The design features a
firebox in the lower
left or right side of the
core,

with a flat topped
smoke chamber
directly above it.
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Grundofemn
(Germamn, Austriam)

One side of the firebox
continues up to the top
of the smoke chamber.
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Grundofemn
(Germamn, Austriam)

On the opposite side,

the firebox wall ends

below the top of the
smoke chamber,

This side of the firebox
is called a
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Grundofemn
(Germamn, Austriam)

At the top of the bag
wall is a horizontal
opening, or, throat.
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Grundofemn
(Germamn, Austriam)

The gas stream flows
over the edge of the
bag-wall,

and enters a
downdraft channel.
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Grundofemn
(Germamn, Austriam)

After reaching the
bottom of the down
channel,

the gas stream makes a
180 ° turn,

and enters an updraft
channel.
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Grundofemn
(Germamn, Austriam)

The gas stream follows
a series of downdraft
and updraft channels,

located over the top of
the smoke chamber,
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Grundofemn
(Germamn, Austriam)

Before exiting a flue
collar,

at the top of the last
updraft channel.
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Grundofemn
(Germamn, Austriam)

Horizontal channel

The lower part is
similar to the vertical
channel style.
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Grundofemn
(Germamn, Austriam)

Horizontal channel

After the first updraft
channel,

The gas stream follows

a series of

channels that alternate
back and forth
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Grundofemn
(Germamn, Austriam)

Horizontal channel

Until it enters a flue
exit at the )
or of the core.
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Russiam
wome | QN The Russian core style

were some of the first
masonry heaters to
appear in North
America.
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Russiam
woms | UM The design is laid out
M | as a narrow, long
rectangle,

with the loading door
on the lower part of
the narrow face of the
structure.
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[Russiam

The narrow face with
the loading door.

Continues up and
forms the front face of
the chimney,

Which is located at the
of the core
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[Russiam

The firebox is located
S . in the lower narrow
, ol o~ | end the core.

Vertical Channel
Masonry Healer

The firebox is longer
than it i1s wide or tall,

with a flat lid on top.
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[Russiam

The back wall of the
firebox ends below the
firebox lid

Vertical Channel
Masonry Healer
(Russian)

[.ike in the Grundofen,
this end wall of the
firebox is called a
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[Russiam

) e At the top of the bag

Masonry Healer
(Russian)

wall, is an opening, or,
throat.
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[Russiam

The gas stream flows
over the edge of the
bag-wall,

Vertical Channel
Masonry Healer
(Russian)

and then enters a very
short downdraft
channel.
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[Russiam

The gas stream then
abruptly makes a 180°
turn,

Vertical Channel
Masonry Healer
(Russian)

And enters a long
updraft channel,

that runs all the way
to the top of the core.
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Vertical Channel
Masonry Healer
(Russian)

[Russiam

the gas stream then
makes a 180° turn,

And enters a series of
downdraft and updraft
channels over the top
of the firebox lid,
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[Russiam

[t again makes a 180°
turn,

Vertical Channd
Masonry Healer
(Russian)

And enters a last tall
updraft channel,

before exiting a flue
collar at the of the
heater core,




MASONRY HEATERS

Bell Style Core

This core design is
very quickly gaining
popularity in North

America.
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Bell Style Core

A bell design is very

different from all the

other heater types we
have talked about.
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Bell Style Core

It does not incorporate
a fast flowing gas
stream,

moving through a
labyrinth of narrow
heat exchange
channels.
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Bell Style Core

A bell design operates
on the principle of,

The flow of gasses is
much slower in this
design.
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Bell Style Core

In this system, flue
sases are allowed to
stratity,

in chambers or

alongside and above
the firebox
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I- Bell Style Core

e —
‘W
_

A Bell system is not
symmetrical.

The firebox is usually
offset from the center,

to one side or the
other.
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Bell Style Core

The gas stream travels
out from the top of the
firebox,

Then enters and fills
the next chamber, or

bell.

The hottest gasses are
at the top of the bell.
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Bell Style Core

As gases impart heat
to the adjacent
firebrick walls,

the gasses cool and
stratify in layers,

the coolest falling to
the bottom of the
chamber, or bell.
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Bell Style Core

After the cooler gasses
have reached the
bottom,

they make a 180°
change in direction,

and enter a channel
that leads upward to
the next bell
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Bell Style Core

They enter and fill the
next chamber, or bell.

The hottest gasses are
at the top of the bell.
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Bell Style Core

As gases impart heat
to the adjacent
firebrick walls,

the gasses cool and
stratify in layers,

the coolest falling to
the bottom of the
chamber, or bell.
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Bell Style Core

When reaching the
bottom, they make a
180° change in
direction,

they will either spill
into another bell, or
enter the flue exit.
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Bell Style Core

It is like an upside
down bath tub, or
multi-tiered fountain.
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Bell Style Core

It is like an upside
down bath tub, or
multi-tiered fountain.
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Bell Style Core

It is like an upside
down bath tub, or
multi-tiered fountain.
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How masonry heaters are bult

A full foundation is
built on top of a
proper footing.




MASONRY HEATERS

How masonry heaters are bult

A slab is poured to
support the masonry
heater,

and the hearth
extensions.
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How masonry heaters are bult

e »
‘0. >

— ' The heater core is
| constructed.
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How masonry heaters are bult

Ceramic wool gaskets
are applied in key
areas to control
expansion.
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How masonry heaters are bult

The heater core is
wrapped in cardboard.

This forms an
expansion and slip
joint,

between the heater
core and the facade.
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How masonry heaters are bult

Ceramic wool is also
applied to high heat
areas.

Around the door
openings, and in front
of the throat.
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How masonry heaters are bult

The facade is then
built in full contact
with the cardboard.
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How masonry heaters are bult

Any gaps between the
cardboard and the
tacade are filled with
mortar.
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How masonry heaters are bult

The facade should be
built with a dense
material,

and should range in

thickness between
3” and 57
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How masonry heaters are built

The masonry heater
should have a thermal

break,

that insulates the mass
from conducting heat
down to the foundation.







MASONRY HEATERS
Heat Output off Masonry Heaters

Three forms of
heat transfer

Conduction
Radiation

Convection
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Heat Output off Masonry Heaters

Solid object Conduction

The movement of
heat through solid
objects,

Conduction -

from the

to the
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Heat Output off Masonry Heaters

Solid object Conduction

As heat is applied to
one side of a solid
object,

Conduction -

molecules are
excited and set into
motion.



MASONRY HEATERS
Heat Output off Masonry Heaters

Conduction

Solid object

The molecules
collide with their
neighbors, giving oft

Conduction some of its heat
BReT.
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Heat Output off Masonry Heaters

Conduction

AsS the molecules
collide and transfer
heat,

It forms a :
moving from hot to

cold
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Heat Output off Masonry Heaters

Conduction

METALS The conduction rate

gE - |
T :
IS

Conduction is fast
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Heat Output off Masonry Heaters

Conduction
MASONRY MATERIALS [y RS T B e

through
materials.

Conduction is slow IS

depending on the
density.
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Heat Output off Masonry Heaters

Conduction

The conduction of

9

IS like the movement

of

through an object.
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Heat Output off Masonry Heaters

" Conduction

Some objects are

Others are

~ Masonry
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Heat Output off Masonry Heaters

" Conduction

A stove made of

will reach a

much
Electrically :
conductive because of the

and
small wall thickness
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Heat Output off Masonry Heaters

m Conduction

A stove will
reach a much

k
~ Masonry

because of the
and
the greater wall
thickness

Electrically

insulative
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Heat Output off Masonry Heaters

Solid object Radiation
(Cj~~ Radiant energy

e B emitted from a hot

surface, travels in

Radiation waves in a straight
N

IL

) IR >
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Heat Output off Masonry Heaters

Radiation

The radiation wave

emitted from a

surface,

higher temperatures h as a
emit SHORTER far-infrared waves
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Heat Output off Masonry Heaters

Wave I)c,;ng?"' imeasurad in microns Ra d i atio n
)
AN \
\ | '.
140°F \ ," Vg
'|| ( l| a
L ) / surface,

\//

emits a much

lower temperatures
emit LONGER far-infrared waves
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Heat Output off Masonry Heaters

Radiation

wavelength
Radiation,
IS far more
to live with,
than
wavelength radiation



MASONRY HEATERS
Heat Output off Masonry Heaters

Convection

Convection

Convection is the
heating of air
molecules,

causing the air to

rise up and away
from the heat source
in a current, or flow.
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Heat Output off Masonry Heaters

Convection

The intensity of the
convection current,

is relative to the
temperature, and
wavelength of the
radiation emitted.
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Heat Output off Masonry Heaters

Convection

Short wavelength
radiation produces
high convection

I TRTRVRIR currents.
Metal Stove

High Short Wavelength
Conveation
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Heat Output off Masonry Heaters

Convection
Low Convection Long Wavelength
—— LLong wavelength

radiation produces
low convection
currents.

Masonry Stove
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Heat Output off Masonry Heaters

Convection

Convection is
perceived as the least
| comfortable form of
heat on the human

body.
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Heat Output off Masonry Heaters

Convection

Hottest Air | B With convective heat

Warm air rising

your head is hot,

g L dd IR and your feet are
cold
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MASONRY HEATERS
Heat Output off Masonry Heaters

Mark Twain discovered
masonry heaters while
traveling through Europe,

and wrote about them:
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“All day long and until past midnight all
parts of the room will be delightfully warm
and comfortable ...

Its surtace is not hot: you can put your hand
on it anywhere and not get burnt.”
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“Consider these things:

* One firing is enough for the day.

* The cost is next to nothing.

* The heat produced is the same all day,
instead ot too hot and too cold by turns.

America could adopt this stove, but does America
do it?
No, she sticks placidly to her own fearful and
wonderful inventions in the stove line.”
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“The American wood stove, of whatever breed, is
a terror.

It requires more attention that a baby.

It has to be fed every little while, it has to be
watched all the time:

and for all reward, you are roasted halt your time
and frozen the other half... *
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“and when your wood bill comes in you think you
have been supporting a volcano.

It is certainly strange that useful customs and
devices do not spread from country to country,

with more ftacility and promptness than they do.”
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How a masonry heater works
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A masonry heater is like a cordless dirall

They both ,

and then the
charge in the form of...
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A masonry heater is like a cordless dirall

A cordless drill
of a battery by
turning a motor,

A masonry heater
of its
heated mass by heating a
house,
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A masonry heater is like a cordless dirall

The larger the battery,

and the the
design of the drill,

the more can be
done in a period of time.
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A masonry heater is like a cordless dirall

A masonry heater works
on the same principle.

A large battery, (mass)

+ Efficient design

‘ = Longer heat cycle

© Chris Prior Designs




MASONRY HEATERS

Design goal for Miasonry lHeaters

To achieve as a
combustion temperature
as possible,

8
i

while at the same time,
having a flue exit
temperature enough,

to maintain

draft signal.



MASONRY HEATERS

Design goal for Miasonry lHeaters

The heat output of a
masonry heater is
determined by several
factors........




MASONRY HEATERS

Design goal for Miasonry lHeaters

The size of the firebox

The size and shape of the
secondary and tertiary
combustion chambers

The length and size of the
heat exchange
channels

The overall mass



MASONRY HEATERS

Design goal for Masonry Heaters

The heater needs to
possess good
combustion efficiency,

heat transfter and
storage cfficiency.

A large mass,

. and a long heat exchange
— pathway



MASONRY HEATERS

Design goal for Masonry Heaters

Earlier, we talked briefly

about the of
combustion.




MASONRY HEATERS

Design goal for Miasonry lHeaters

Ideally we want a very
high combustion

9

that takes place following
a path,

with a long sustained
resonance



MASONRY HEATERS
Heat Output Calculations

On average, a
masonry heater will
produce about

of
surface area.




MASONRY HEATERS
Heat Output Calculations

.
-

Simply multiply the

of

the heater, In square
feet,

This will give you the
of
the masonry heater.

In



MASONRY HEATERS
Heat Output Calculations

.
-

If you know the
for
a home In ,

divide this number
by or )

to determine the
amount of heater
needed.



MASONRY HEATERS

Add-oms to a masonry heater

Bake Ovens

A bake oven can be
incorporated into the
masonry heater.

There are two types
of oven designs,

black and white.




MASONRY HEATERS

Add-oms to a masonry heater

T Black Oven

A black oven is
basically the
secondary
combustion
chamber,

with a door.



MASONRY HEATERS

Add-oms to a masonry heater

Black Oven

A black oven has an
active fire,

when the burn cycle
is taking place.







