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Abstract - When we are heating with a renewable farm Df 
energy waod we must realize that wood must be con -
sidered as a gas, whe n burnt. To attain total combustion 
and clean exhaust gases, the combustion temperatura must 
be high and because Df this the burning must accur rapidly . 
In o r der to get a heating cycls of 24 - 48 hours. the heater 
must be able to accumulate the e nergy released in rapid com­
bustion . To contraI the thermaJ stresses, the heater must 
be correctly designed, and made cf the right materiaIs 
clay based mortar and solrd brick . 

Fira, brick and avens have alI played an essential part in the de ­
velopment- cf human culturas . Ma n has employed fire everywhere in 
the world to lend comfort to his daily life, but in a cold climate 
like that of Finl and, fira and the ability to master its use has 
been an a bsoluta necessity . a foundation of civilization . Man is 
ab le to survive i ~ a cold clima te , eskimos , but to attain a highe r 
leveI of civilization warmth is an absolute necessity. 

In very early times and later also in Europe, man usually built his 
house using stone . If i t was necessary to heat the house , an open 
fire was usado Radiant heat from the fire accumulatad in the 
massive walls . This way of living was also adopted in Scandinavia 
by the wealthy. 

In Fin l and the evolution ha s been a little different. Originally we 
dwelt in tents with an open fi r e in the middle . If the fire went 
out , it rapidly became co ld. The same hand-to-mouth mentality 
governed also the provision of food . Men had to go hunting alI the 
time . 

About the year 100 0. at the e nd of The Viking Era the life of the 
Finns was chang ed dramatically by two innovations stemming from the 
east , from Russia . The first was the log cabin. Because it is 
possib le to accumulate ve ry little heat in the wDoden walls , this 
type of house is usable in a cold climate only in combination with 
second innovation , the accumulating heater. The very earliest form 
Df accumulating heater was simply a pile Df stones, under which a 
fire was burnt rapidly , and the heat accumulated in the stones . 
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Fig . 
A. A pile of stones - an 

accumulating heater 
B. A log cabin with a 

wood heater 
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The life of the Finns became more stable ~ and a very important 
development was the possibility to use th i s new source of heat 
for drying grain in arder to store enough food for the long 
winter . Agriculture in this climate immediately became more 
profitable, using these new means . Social life was dr amati ­
cally altered. There was some spare time left to me n - time 
to think - and even in Finland, some sings of cultu r a could 
be seen. It is actually our opinion that the use of the stone 
rage stove~ in which wood could be burned fast , is the basis 
Df culture in Finland . T8day the majo r ity Df the populatiDn 
of the world, north of 60 latitude are Finns. Our civili­
zation is maintained by good heating methods . 

We haV8 been using this heat - storage wood - burning system now 
for 900 years, and feel able to assure Vou that the benefits 
of the clean and rapid burning of wood are inescapable. 

To understand the difference in the ways of burning wood , we 
must first examine solid fuel. Fuels with a very great geo­
logical age, like coaI, contain very little hydrogen , most of 
the energy is in the solid material . CoaI can be burnt 
slowly and at a lower temperature . Still, high eff i ciencies 
can be achieved and the exhaust gases are fairly clean . A 
coal-burning stove can be sm311~ and the fuel can be kept 
burning over a long period, giving out warmth alI the time . 

But coaI is not however a renewable form of energy . That is 
why it is better to use the younger solid fuels, renewable 
in 1-30 years. These eontain carbon, hydrogen and hydrocarbon s. 
Two thirds of the energy - content of wood is in the gases, 50 

we ought to consider wood as a gas. Total combustion occurs 
only at a very hight temperature. To achieve this high tem­
perature~ we must burn the fuel very ragidly. Most of the 
gases ignite at temperatures above 500 C. 

Five kg Df wood can be burnt in 30 minutes , and about 40 kW 
can be released ave r that period . This is far too mueh for a 
modern one - family house, which needs on an average only 3-5 kW 
heating effect in the Finnish climate. So the surplus energy 
must either be dumped ar aecumulated. To be able to store 50 

much energy the heater must be both high and massive . 

The other reason why the wood - burning heater must be high is 
that wood burns with a very long flame . Whilst a coaI flame 
is about 3-50 cm 7 the wood-burning is 150-200 em . Thus it is 
obvious that a heater cannot be effeciently run on different 
types of fuel. In arder to absorb alI the heat 7 the channels 
contain ing fast flowing gases must be about 300 - 400 em long 
before the gases reach the chimney flue . 
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A.The contra-flow 
principie 

B.A traditional 
Finnish contra­
flow heater 
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A v8ry goad solution to these problems has proved to be the ma­
sonry wood heate!'. and especially the contra-flow type of a 
masonry stove . This system is a Swedish innovation. which has 
been used and developed in Finland aver a period of a century . 
The contra-flow principle achiev8s an entively natural way of 
burning and heating . We allaw the gases to rise from the fi re­
box. and then allow the gradually cooling gases to give up their 
heat in their passage down the channels . Finally the convection 
currents start moving along the haster surface . 

This type of haater has a very high efficiency of 85-90 %. and an 
extremely long life time of 50 - 80 yea r s. To attain such high 
efficiency we require a high combustion temperatu r e ~ and to attain 
this high temperature we require the correct airflow to both of 
the different combustion processes first primary air to t he 
cindery and then secondary air to the gases . Primary air ca n be 
led under the burning layer through the grate and seconda ry air 
should be led over the burning lcyer. To attain c omp lete com­
bustion~ it is advisable to also have a seconda ry combustion 
space. 

Fig. 3 

Primary and secondary 
airflow to the firebox 

A. Using grate 

B. Using a double skin 
cast iron doar 
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It must be understood tha t very rapid combustion necessa ril y 
causes high the rmal stresses in a masonry heater . Recall i ng 
however. the long lif etime of these stoves , it is obvious that 
these st r esses ca n be kept under cont r aI . On the one hand . the 
const r uctio n of the heater must be correct . This means that t he 
secti on s warmed up at different rates are totally separated from 
e a ch other. Fo r example the firebox is separated from the outer 
shell of the heater . On t he other ha nd . the co rI"' ect combination 
of brick and mortar is vital l y important e OUI"' experien ce is that 
only a clay-ba sed mortar, combined with solid brick . forms a 
combination st rong yet flexible for a masanry wood heate r . 
Othe rwi se c racking and fi ssuras easi l y occur. This type of 
martar expands almost as much as brick . a nd is strong yet flexible 
to tolerate a certain amo unt of mavement. 

8ecause of the s hort burning period and the deman d for a heating 
cycle of 24-48 hours we hav e been deve l oping a new type of heater 
whi c h ha s an especially massive, double - skin const r uct ion . This 
means tha t in s ide the frame of the heater is the firebox as normal . 
and outside the fra me i s an Quter shell. With this const ru ction 
we c an l engt he n the heat-discharge period and we don ' t have too 
high temperatures on the outer surface of the heater . The double 
s kin construction also g i ves us more possible finishes fo r the 
auter appearan ce of th e heater - both as to f orm and surface . 
For e xamp l e glazed tiles ca n be used . 

lh e temperatu r as within the heater are vary g r eatly between the 
different parts . In the firebax the tempe r ature i s about 600 oC o 
immediat ely above it 900 °C , at t he top of the heate r the gases 
are 600 oCo and when they rea ch the bottam cf the heater they have 
lost most of their energy. and the temperature is 200 oCo At the 
connection to the chimney fl ue . smoke sh ould be at 180 DC, and at 
the tap af the chimney 70-130 aC. The surface Df a single-skin 
heater can be 75 °C , in a double-skin heater 45 oC o 

F i g . 4 

Temp eratures in a contra-
flo w, ac c umulating hea ter, 
which has large doors . l hi s ::. 
type can be run wi th doors .-..01 p 

open to get an open fire-
place fe e ling . 
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Fig . 5 

A double skin heate!" 
1. Cast iron doars 
2. Firebox 
3. Frame of the haater 
4 . Clay based marta r 

and solid brick 
5. Outer skin 
6. A throat leads to 

the s8cond com ­
bustion chamber' 

7. Fireproof castable 
8. Glazed tile or plaster 

In Finland some very active research is going on~ concerning energy' 
saving in general and especially wood - burn ing heaters. Tampere 
Universi ty cf Technology and the bui lding materiaIs industr'y have 
organised a joint I"esearch group. Its main purpose is to maintain 
the high standard of products. brick, mortar, fireproof materials. 
and metal parts, and to develop the design cf the heaters . 

It is probably not possible to get the efficiency any higher, and 
we always have had a very clean burn with clean exhaust gases. We 
could however design the heaters to be easier to buil d and use. 
We are designing heaters which perform well as a part of a combi ned 
heating system which uses, for example . electrical, energy and 
passive solar energy. We are also designing greater masonry 
cookingstove for the modern kitchen. to give tha fami ly cook possi­
bilities and pleasure . A stove which produces domestic hot water 
while cooking the soup has been tested. Our group is studying 
solutions for heaters in modern one-family houses. Other projects 
are also underway. 

Fig . 6 
A contra-flow type 
bake oven 
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A wood- bu rning 
masonry cookstove 
with bake - oven and 
possibility to pro­
duce domesti c hot 
water 
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We fesl that even though there is a very long wood-burni ng heater 
tradition in Finland , W8 stil1 have a great need for research . 
80th heater users and builders have an acute need for prec i se and 
r el iable co nst ru ct ion re commendations . We are qu i te confident 
tha t the results Df our wo r k will provid e them with the technical 
informat ion in a pra ctical form o 

Fig. 8 

A one-family house 
designed to be 
heated wit h wood 
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