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Proposal for Experimental Countercurrent Gas Generator 
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Abstract : Article focuses on the description of the experimental gasification reactor design, those has been 

designed to solve the needs of the project VUKONZE. The characteristics of the low - power gasification generators 

show to problems with increased tar production, the relatively low calorific value of the gas produced as well as the 

supply and redistribution of the gasification air. The paper points out the differentiation of the area thermal load of 

the reactor in comparison with the general parameters for this kind of reactors. An integral part of the design of the 

reactor is also the location of the fuel charging point and the way of its realization.  
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1 Introduction 

The Department of Thermal Technology and Gas 

Industry on the Institute of Metallurgy focused on the 

project of VUKONZE for the constructing of a wood 

biomass gasification reactor with a 75 kW gas input. 

The produced gas is then to be used in a cogeneration 

unit for the production of heat and electricity. For 

reason necessary to verify the functionality of the 

design of the reactor and obtain more precise 

information about the relationship between the charge - 

gasified air and produced gas it acceded to construct 

experimental model with expected output of the gas 15 

kW. This model device is intended to acquire large 

knowledge and information for the design of the above 

mentioned gasification reactor and the influence of 

various factors on the gasification process. 

The design and selection of the biomass 

gasification generator is based on the required thermal 

load, charge properties, operator's demands and the 

possibility of modifications to the proposed reactor. 

The input parameters of the generator type 

selection are gas output to 15 kW, charge with 

humidity to 30% and grain size to 20 mm. These 

chemical and material parameters are characteristic of 

the local supply of heat to the home, particularly in 

rural areas, and therefore the proposed model may be a 

model for such application. 

Based on the required power, humidity, ease of 

service and flexibility of operation, a cohesive-layer 

countercurrent generator appeared to be the most 

suitable solution. 

Of course the selection was the recognition of the 

disadvantages of this type of generator, as the ash 

removed by melting, low temperature off-gas and the 

consequent production of high temperature tar (well 

above 100 g.m-3 [1-2]). Furthermore, an increased 

content of dust particles in the product gas is also 

provided.  

2 Parameters influencing reactor design 

The basis of each design is the calculation of input 

parameters such as the amount of charge, the choice of 

the most appropriate air excess and thus the amount of 

gasification air. Based on these parameters, we can 

subsequently design a gasification reactor. 

The calculation for the different fuel consumption 

effects for the required gas performance was performed 

for a fuel with the following composition in running 

order: C = 46 wt%, H = 5.56 wt%, O = 39.5 wt%, N = 

0.27 wt%, A = 0.67 wt%, W = 8 wt%. 
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2.1 Effect of net calorific value on reactor fuel 

consumption 

The calorific value of the gas significantly affects 

the amount of charge required to achieve the desired 

gas output. Knowing the parameters of the charge and 

the type of gasification technology predetermines the 

delimitation of the calorific value of the gas. For 

gasification in the cohesive layer, the optimum gas 

calorific value is 4.5 - 6 MJ.m-3 [3]. Figure 1 shows the 

effect of the calorific value on the amount of fuel 

consumed at different outputs. 

 
Figure 1 Dependence of the mass flow of the charge on the 

power input in the gas at different gas calorific values 

Based on the calculations performed, the results 

which are shown in Figure 1 shows that a gas calorific 

value of 6.5 MJ.m-3 consumes 25% less fuel than a 

calorific value of 4.5 MJ.m-3, assuming a gas/fuel ratio 

of 2 m3.kg-1. Again, such a characteristic affects the 

design of the gasification reactor, in particular to 

control the power and quantity of the gasification 

medium [4]. 

 

2.2 Effect of gas / fuel ratio on reactor fuel 

consumption 
A very important parameter for the design of the 

reactor is the volume of gas produced per unit amount 

of charge (gas/fuel ratio or also V/m). This ratio is 

heavy expected to exhibit and as was already 

mentioned, this ratio will depend not only on the 

excess of the gasifying medium, but also the 

composition of the charge and temperature in the 

reactor. 

 
Figure 2 Dependence of mass flow rate on gas output at 

different gas/fuel ratio 

Figure 2 shows the effect of the V/m ratio on fuel 

consumption for the desired power output. 

The effect of the gas/fuel ratio very substantially 

represents the amount of fuel needed for the thermal 

output of the reactor. The graph dependence was 

processed for the gas calorific value 4.5 MJ.m-3. As 

can be seen from the graph on Figure 2, the production 

of 3 m3 of gas reduces fuel consumption by to 50%. 

This dependence is necessary for reactor design, but 

rather depends on excess air and charge parameters. 

However, if we use empirically obtained 

stoichiometry according to which 

 

1.0𝐵𝑖𝑜𝑚𝑎𝑠𝑠 + 7.607𝐴𝑖𝑟 → 2.407𝐶𝑂 + +2.079𝐻2 +
0.181𝐶𝐻4 + 1.3𝐶𝑂2 + 6.078𝑁2 + 0.158𝐻2𝑂 +
0.064𝐶𝑜𝑘𝑒 + 0.0547𝑇𝑎𝑟 (1) 

then the ratio of the gas produced to normal 

conditions to the unit amount of fuel is 2.662 Nm3.kg-1. 

This ratio applies to a wood chip of moisture of 10 

wt%. [5]. However, such stoichiometry is specific to 

the fuel of the composition only. 

In general, it can be assumed that not only 

temperature, but also residence time contributes to the 

amount and composition of the gas produced [4]. 

 

2.3 Gasification air excess 
 

If the gasification process requires partial 

oxidation, it is necessary to know the most suitable 

excess of gasification medium for the quality of the 

produced gas. From the excess gasification air quality 

of the product gas is clear, by zero air excess of occurs 

pyrolysis. Hydrogen concentration in the emitted gas is 

on maximum, the gas contains almost no nitrogen, the 

concentration of which is derived only from the fuel. 

Air excess higher than one represents combustion. 

Growth the air excess above zero means increasing the 

nitrogen concentration in the gas and increasing the 

volume. The literature indicates that with an air excess 

of 0.25, all biomass is converted to gas and gas has the 

highest energy value [6]. A smaller air excess describes 

a situation in which all biomass is not converted to gas. 

At a higher excess occur combustion, lowering of the 

energy value and temperature increase. Air excess of 

0.25 indicates the concentration of the combustible CO 

is the maximum, and CO2 minimum. The CH4 

concentration is also minimal, but due to the increased 

gas volume, the calorific value of the gas is taken over 

by the combustible components H2 and CO. 

In some cases, the excess gasification air is 

calculated from the nitrogen balance based on an 

analysis of the gas taken at a given temperature. The 

gasification ratio is then the ratio of the amount of 

gasification air at a given temperature to the 

stoichiometric amount of air [7]. But what is the path 

leading to control and knowledge already for existing 

gasification reactors. 
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3 Design of Reactor Parameters  

The design of generator parameters was based on 

the design of the counter-current generator, which was 

used in Department of Thermal Technology and Gas 

Industry in 2005-2010 with a gas input about 60 kW. 

Grain size was to 30 mm and humidity to 35%. The 

assumed volume of gas produced is about 2.5 times the 

weight of the feed with a calorific value of 4.5 MJ.m-3 

[8]. 

 

3.1 Effect of gas / fuel ratio on reactor fuel 

consumption 
 

The input data for the calculation of the reactor 

parameters is the reactor diameter. The calculation was 

based on maintaining the thermal load of the sample 

reactor. To calculate the reactor diameter, it is 

necessary to calculate: 

• amount of energogas depending of the gas type 

𝑉𝐸𝑃 =
𝑄𝐸𝑃
𝑄𝑛,𝐸𝑃

 (2) 

VEP - volumetric overflow of energogas (m3.s-1), 

QEP - energogas power output (W), 

Qn,EP  - energogas calorific value (J.m-3). 

• mass flow of the fuel - the volume of the resulting 

biogases at a determined ratio of gas/fuel (V/m) 

𝑚𝑃𝐴𝐿 =
𝑉𝐸𝑃

(𝑉 𝑚⁄ )
 (3) 

mPAL - fuel mass flow (kg.s-1), 

(V/m) - amount of energogas generated from the 

unit of fuel (m3.kg-1), 

• power input in fuel 

𝑄𝑃𝐴𝐿 = 𝑚𝑃𝐴𝐿 . 𝑄𝑛,𝑃𝐴𝐿 (4) 

QPAL - fuel power input (W), 

Qn,PAL - fuel calorific value (J.kg-1), 

 

• thermal load 

𝑞𝑃𝐴𝐿 =
𝑄𝑃𝐴𝐿
𝑆

 (5) 

qPAL - thermal load (W.m-2), 

S- area related to the reactor cross-section (m2).  

 

Considering the preservation of the thermal load of 

the reactor, it follows that the ratio of the cross-

sectional areas will be equal to the ratio of the feed 

charge as well as the ratio of heat outputs. These 

considerations, however, are based on the assumption 

that heat losses are neglected. 

The reactor diameter was then determined from the 

area to gas input ratio 

𝑆

𝑆𝑛
=

𝑄𝐸𝑃
𝑄𝐸𝑃,𝑛

 (6) 

Sn - area of the proposed reactor (m2) 

QEP,n  - power output in energogas of proposed 

reactor (W). 

 

The input parameters for calculating the diameter 

of the proposed reactor are: gas power output, fuel 

calorific value, V/m ratio and sample reactor diameter. 

To calculate the diameter of the proposed reactor, it is 

considered that: the calorific value of the produced gas, 

the calorific value of the fuel and the ratio of the gas 

produced per unit of fuel are identical. Table 1 shows 

the input parameters of the exemplary reactor and the 

parameters of the proposed reactor. 

 
Table 1 Comparison of parameters of sample reactor and 

designed reactor 

QEP 60 15 kW 

Qn,EP 4,5 MJ.m-3 

VEP 48 12 m3.h-1 

V/m 2 m3.kg-1 

mPAL 24 6 kg.h-1 

Qn,PAL 16,84 MJ.kg-1 

QPAL 112,25 28,06 kW 

qPAL 802 kW.m-2 

S 0,14 0,035 m2 

d 0,422 0,211 m 

 

3.2 Height of the reactor 
 

The upstream reactor is characterized by a long 

residence time. The reactor height should not be too 

large due to higher heat losses. However, a low reactor 

may not be sufficient to carry out the entire gasification 

process. Therefore, the height of the gasification part 

of the reactor is chosen mainly based on experience 

and estimates. 

 

3.3 Inlet pipe diameter 
 

The diameter of the air supply pipe does not have a 

significant effect on the gasification process. One 

possibility of designing the pipe diameter is to use the 

current at Department of Thermal Technology and Gas 

Industry reactor while maintaining the velocity 

profiles. Another option is related to the design of the 

nozzle resp. air inlet under the grate. 

 

3.4 Gasification air preheating 
 

An integral part of the gasification reactor design is 

the use of heat losses through the reactor walls. The 

largest part of the losses involved the vertical 

cylindrical part of the reactor. Location of reactor main 

part into a container in which is air preheated is one of 
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effective solutions preheating the incoming air to 

minimize heat loss surface of the reactor. 

While the reaction temperature dependence of the 

increase is linear, and any rise in temperature of the 

gasification air at 100°C will increase the temperature 

in the reaction part of about 40°C. The temperature 

increase in the reactor may also have a negative effect 

on the gasification, by increasing the temperature too 

much, especially when using fuel with a low ash 

melting point. 

It appears that preheating of the gasification air 

does not have a very significant effect on the quality of 

the gas produced, but in particular on the reaction 

temperature [9-10]. 

 

3.5 Gas outlet 
 

The term gas outlet means not only the location of 

the outlet pipe, but also its diameter. Gasification 

produces about 2.5 times the enrgogas to gasification 

air [8]. In this respect, it could be assumed that the 

outlet pipe should have a maximum cross-sectional 

area of 2.5 times the supply pipe. However, the 

temperature of the inlet air and the outlet gas must also 

be taken into account. The outlet pipe diameter is 

chosen lower to increase the reactor pressure, which 

has a positive effect on the quality of the gas produced 

in the reactor [11]. 

 

3.6 Nozzle 
 

The introduction of the gasification medium into 

the oxidation zone has a considerable influence on the 

quality of the produced gas and the temperature 

distribution after the reactor cross-section. The design 

of the feed is based on the assumption that the 

gasification medium is supplied as uniformly as 

possible to the coke particles (charged fuel) after 

pyrolysis and the formation of an oxidation zone 

throughout the reactor cross-section. This should limit 

the reduced efficiency of carbon conversion. However, 

if we work with a substoichiometric excess of 

gasification medium, it is assumed that the conversion 

efficiency will not be unitary, thus not equal to 100%. 

The lower carbon conversion results in a low excess of 

gasification medium, loss of heat by unburnt, the 

possibility of non-access of oxidant to the coke 

particles, or the non-gassing of a part of the wood 

chips.  

For the gasification reactor, one nozzle was 

selected with the gasification medium outlet at four 

levels. The lower 3 levels should direct the gasification 

medium horizontally in 6 different directions. At each 

level, the exit direction is rotated 30° from the previous 

level. High level and opening the fourth gasifying 

medium at an angle of approximately 55° to the upper 

layers of the charge, Figure 3. 

However, such a nozzle may not adequately feed 

the gasification medium, and therefore other options 

must be considered and compared to the current 

design. 

 

 
Figure 3 Cross section of proposed nozzle 

 

3.7 Feeding proposal 
 

For the sake of simplicity of design and the 

possibility of quick verification of the functionality of 

the device, the proposed system of feeding from ball 

valves is located in the upper part of the reactor. The 

pyramid-shaped main container is separated from the 

intermediate reservoir by the first ball valve and the 

intermediate reservoir from the gasification chamber 

separated by the second. This two-bolt design is 

selected for the following reasons: 

• the need to regulate the dosage, 

• ensuring the tightness of the system. 

Depending on the amount of fuel supplied, the 

power output of the gasification generator varies, 

thereby regulating the amount of generated energogas. 

The amount of chips to be dosed is limited by the size 

of the intermediate tray and the number of doses per 

time interval.  

The tightness of the system is ensured by a system 

of two ball valves, which by alternate opening always 

creates a closed space of the gas generator and thus 

prevents gas leakage into the surroundings of the 

gasifier. The problem, however, is that the solution is 

impractical, mainly because of the need for manual 

control. Frequent opening and closing of the valves is 

required at an average number of 2 times per minute. 

As with the knife closure system, there may be 

problems with valve closure due to chip sticking, 

which impairs the tightness of the device [12]. 
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4 Design of Reactor Parameters  

Based on previous dependencies, calculations and 

in some cases also using assumptions, the following 

geometrical parameters of the counter-current 

gasification generator of wood biomass were proposed 

table 2. 

An experimental physical model was constructed 

according to the proposed geometric parameters. The 

gasification air enters the inlet ring to preheat the air 

through the supply line. After heating, it exits through 

a conduit for supplying preheated air to a nozzle which 

is connected to this conduit. 

 
Table 2 Basic geometric parameters of the reactor 

Description 

Size 

(mm) 

height of the gasification part of the reactor 1016 

reactor inner diameter 206 

width of annulus for preheating gasification air 20 

inner diameter of the gasification air supply pipe 20 

inner diameter of the gas-gas outlet pipe 25 

ashtray height 220 

ashtray inside diameter 206 

nozzle diameter 20 

nozzle height above grate 84 

the diameter of the gasification air outlets from 

the nozzle 4 

inner diameter of charging pipe 60 

width of free cross section of grate 7 

 

Preheated gasification air enters the reaction section 

through the nozzle and oxidizes the feed. The produced 

gas rises in the vertical direction, through the following 

zones of the gasification and exits through the outlet 

conduit of biogases located about 250 mm below the 

ceiling of the reactor. Through the charging port 

located in the ceiling of the reactor, continuously 

batches fuel - wood chips. The chips pass through the 

zones of drying, pyrolysis, reduction and oxidation. 

The remainder of the gasification - the ash falls 

through the grate into the ashtray, from where it is 

subsequently removed. 

5 Conclusion 

The aim of proposal experimental countercurrent 

gasifier generator was to design parameters of counter 

generator and point out the various options in design - 

air supply, maybe a quick adjustment of the nozzle, the 

location and geometry of the exhaust gas production. 

Based on the analysis carried out in the design of the 

generator shows what the experimental generators are 

similar and what distinguishes them. The main 

difference is the realization of continuous feed to the 

reactor, the solution of the air supply and the reactor 

power output. 
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