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Abstract 
 The increasing energy consumption in the world may be solved by use of alternative 
energy sources in micro-cogeneration. The use of renewable resources, including biomass, 
represents a possible contribution to solve this problem. New heat source is required to 
follow a number of technical regulations and recommendations by design. The proposed 
combustion furnace is intended for combustion of biomass, either piece, or in the form of 
wood biomass. But the combustion is not only affected by design of furnace, but also by fuel 
and its properties. 
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INTRODUCTION 
 
The heat source is determined as  furnace for burning biomass, in form of a wood pieces, or 
pellets. Transport energy from the combustion of biomass to a working fluid is providing a 
heat exchanger connected to that heat source.[1] In the design of the heat exchanger should 
be taken into account all the conditions imposed on the heat exchanger and the desired 
properties. [2], [3] Most often the investigation of the heat transfer focused on heat transfer 
surface. This proposed small heat source should be used for energy transport from the 
combustion of biomass to a working fluid in hot air engine. But the heat transfer and the 
burning process is also affected by fuel, which can play a main role and influence the 
operation of a heat source. [4] Use of unsuitable fuel can lead to damages, to clogging of 
heat surfaces and eventually to malfunction of that heat source. 
 
 
MEASURING FACILITY 

 
The furnace should be used to energy transfer from the combustion of the biomass 

through a heat exchanger disposed in the boiler in the flue gases. Experimental 
measurements of the heat source are focused at verification of the boundary conditions but 
also to determine the real characteristics of the proposed device. Also, attention was paid to 
setting the boiler parameters, especially the amount of air supplied to the furnace. Finally 
the measurements were made to verify the influence of fuel type at furnace working 
conditions under different settings. The boiler was placed in the test room and plugged in, 
as shown in Fig. 1. In the combustion chamber, thermocouples are placed as in Fig.2, which 
allows to follow course of temperature in the plane before entering hot flue gas exchanger. 
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[5], [6]  At air inlet were placed anemometers, which recorded a rate of air flow to the 
boiler. Air flow is therefore measured by the indirect method. 

 

 
 

Fig.1: Measuring facility 
 

Heat exchanger located in the upper part of the biomass furnace was connected with 
blower, which forces the air into the heat exchanger, thus ensuring the flow of air through 
the exchanger. Observed was the speed of air flow into the heat exchanger, the air 
temperature at the inlet and outlet of the heat exchanger and also the pressure at the 
exchanger. Also ware placed thermometers into the burning chamber to observe the 
temperature at heat exchanger inlet. All data from the sensors were recorded with logger. 
Thermal power was measured by direct method, with the same mass flow of air through the 
exchanger. As fuel was used wood of different tapes and briquettes. The wood was used in 
form of pieces. Also the shape of the wood played role. Larger pieces burned less intensive 
and last longer, but with lower temperatures. Briquettes have burned differently, because 
they have defined shape and the burning briquettes burn together more intensive as if they 
were distributed in the combustion chamber. Loading fuel into the boiler is carried out 
manually via the front of the front door. The fuel is burnt on the hard metal grid, which is 
composed of individual grate bars separated by spaces to supply the air. It provides a 
sustainable layer of burning fuel required for combustion and combustion air with optimal 
air overflow. The supply of combustion air is conducted through one primary and two 
secondary supply tubes. The air affects the release of the gaseous fuel component and is 
required for oxidation of the fuel. The secondary air is supplied to the combustion area and 
the air affects the burning fuel and combustible gases. The secondary air is required for 
complete burnout of volatile matter. The secondary combustion air is most important for 
biomass burning, because it affects the quality of fuel combustion and emissions. 
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Fig. 2: The placement of thermometers in burning chamber under the heat exchanger 
 
 

RESULTS 
 

The performance measurement of the furnace was performed with different wood of 
similar weights, where the varied amount of combustion air was supplied by changing the 
position of the control baffles. All wood types have had alike 12% humidity. For this test, 
we have monitored the temperatures in the burning chamber and the total power output of 
the heat exchanger. The furnace was at first preheated, the time of preheating was in range 
from 19 to 25 minutes. Average temperatures in the burning chamber are shown in Table.1.  
 
Tab. 1 Average temperatures in burning chamber with different wood. 

Fuel Fuel mass [kg] Max. average 
temp. [°C] 

Birch wood 2.6 487 

Spruce wood 2.604 460 

Spruce briquettes 2.61 536 

Beech 2.68 524 

 
The wood was used in form of pieces. Also the shape of the wood played  a significant role. 
Larger pieces burned less intensive and last for longer timer, but with lower temperatures in 
the burning chamber. In Fig. 3 is shown the actual power output from the heat exchanger. 
The exchanger is designed at 8 kW power output. As we can see, the different wood types 
have different power output. The spruce is burning very intensive in the beginning, but after 
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short time the power decreases. Otherwise, the birch and beech have longer power growth 
to the maximum and they also keep the high power output for longer time.  
 

 
Fig. 3: Power output from heat exchanger with different wood sorts 

 
 

CONCLUSION 
 
Measurement of performance parameters were carried out under different conditions with 
different types of fuels. Tested was birch, spruce, beech wood and spruce briquettes. The 
measurements confirmed influence at heat exchanger. The spruce is burning very intensive 
in the beginning, but after short time the power decreases. So for a constant power output 
must be the fuel fed at shorter time period.  The birch and beech keep the high power output 
for longer time, so the fuel amount can be smaller. 
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