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Abstract 

 

 The constructive solution of the boiler is that of a flame tube in order to achieve an intensified 

cooling of the flue gases at the end of the furnace. Thus, the ash slagging is prevented, which, in the 

classical boiler solutions requires frequent stops for cleaning. The convective heat exchanger tubes are 

positioned vertically, so that the cleaned ash evacuation is enabled during the boiler operation. Each 

tube cleaning is performed by means of a helical system, which is driven either by a translation 

movement or by a rotation movement. These solutions enable the lengthening of operating time 

between consecutive stops for boiler cleaning, to about 2 to 3 months. 

 

 
1. NEW DESIGN APPROACHES FOR WHEAT STRAW BOILERS 

DEVELOPED IN ROMANIA BY E. MORARIT 

 

The use of classic design for hot water boilers was not satisfactory both in efficiency 

and reliability. In few weeks of operation, the furnaces walls and heat exchange surfaces have 

been covered by adherent ash (slag).  

The manufacturer E. Morărit from din Huşi (Romania), together to the Centre of 

Thermal Researches from University Politehnica of Bucharest (Romania) have initiated a new 

concept in order to challenge this problem, meaning the forced cooling of the combustion 

chamber with water. A 100 kW prototype with water chambers surrounding the furnace was 

previously built-on. 

After a while, a second prototype (rated at 150 kW) with a flame tube technology has 

been recently developed. One of the most effective ways to chill the flame is represented by 

the placement of the flame tube in the water space of the boiler casing. 

 

 

2. BOILER DESCRIPTION 

 

The main innovative issues of the boiler are: 

 Fuel supply system suitable to the straw briquettes dimension; 
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 Controlled combustion system;  

 Self-cleaning system during operation for the convective heat exchanger. 

Due to its compactness, this boiler concept requires more difficult technological 

conditions than the classical boilers with furnace type chamber. 

In figure 1 is presented the fuel supply system, composed of two independent screw 

devices, that push the briquettes (external diameter = 70 mm, internal diameter = 20 mm and 

the length = 75-120 mm) in the furnace. The external screw device (external diameter = 192 

mm, internal diameter = 132 mm and the pitch = 170 mm) is built from one metallic bar with 

square section (30x30 mm). This innovation was the most successful regarding the blocking 

trends of the briquettes.  

 

   
 

Fig.1. Fuel feeding system 

 

The connection between the second screw device and the furnace is represented by a 

fully automated door that opens and closes before and after briquette insertion. The grate is 

composed of three bars: two fixed and water cooled and one mobile, manufactured from 

temperature resistant cast iron, in order to maintain the temperature at the end of the furnace 

below 650 °C and to release the ash in powder condition. For the combustion control, the 

grate is provided with a fuel pusher with separate actuation with a rate that is related to the 

boiler load. 

In figure 2 is shown the cylindrical casing containing the flame tube. This casing has 

the internal diameter of 850 mm and the length equal to 1510 mm and the working pressure of 

2 bar. The flame tube has the external diameter of 600 mm.   

  

 



 

Figure 2. The boiler casing containing the grate 

 

The boiler has also a 3 ways convective heat exchanger placed above (figure 3).  

 

   
 

Figure 3. Convective heat exchanger 

 

In each smoke pipe there is a metallic helix that augments the heat transfer and cleans 

the internal surface of adherent ash. The cleaning is performed once a day (10-20 minutes) by 

the helix movement (translation or rotation).   

 

 

3. DESIGN PARTICULARITIES 

 

In figure 4 is visualized the boiler: 

 

 
 



Figure 4. Overall view of the fully automated hot water boiler of 150 kW 

 

- The boiler has a rated efficiency of 91%, burning wheat straw briquettes with LCV of 

17450 kJ/kg (ash weight Ai = 4.99%, moisture weight Wt
i = 11,97%). 

- Fuel flow-rate at rated load is 33,7 kg straw/hour. 

- Overall dimensions: length - 2900 mm; height- 2000 mm; width-1280; weight 850 kg;  

- Specific ratio weight/power- 5.66 kg/kW.  

- Volumetric thermal load - qv = 465 kW/m3; 

- Superficial thermal load of the grate: qg=468 kW/m2; 

The boiler is operated in fully-automated mode, including:  

- selection and keeping of thermal load; 

- water return temperature; 

- air excess; 

- furnace temperature. 

 This control system allows a constant efficiency at partial loads.  

 

 

 CONCLUSIONS 

 

 The prototype is now tested and will be produced at industrial scale. 
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