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This article presents experimental data on the nature of coke movement in the DRY COKE 

QUENCHING PLANT (DCQP) chamber during its unloading. It is shown that when the coke is 

unloaded, zones of accelerated coke descent and stagnant zones appear.  
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Zones of accelerated coke descent and stagnant zones appear when the coke is 

unloaded. The dimensions of these zones are the larger, the smaller the surface of the 

blow head. A larger number of zones of accelerated descent create a condition for a 

more uniform descent of coke throughout the entire volume of the DCQP chamber. 

Also, the manifestation of the action of zones of accelerated descent begins the 

earlier, the smaller the surface of the blow head.  

The question of the nature of the movement of coke inside the DCQP chamber 

in the domestic coke chemical science is rather poorly covered. Only some works [1-

3] deal with the issue of coke movement as a bulk material in the volume of the 

DCQP chamber. 

The fact that this area of the process of dry coke quenching has not been 

studied indicates the relevance of this issue and is explained by the impossibility of 

conducting research on a directly operating industrial DCQP. 

Such studies can be performed using either mathematical or laboratory 

modeling. 

The study of the patterns of coke movement in the volume of the fire 

extinguishing chamber included: 

- determination of the coke surface profile during unloading (emptying) 

through the unloading device; 

mailto:fich.aleks@gmail.com
mailto:dvmir79@gmail.com
mailto:zd@ukhin.org.ua
mailto:kravchenko.sa.giprokoks@gmail.com


10 
 

- determination of the position of the zones of accelerated coke descent and, 

accordingly, stagnant zones during the movement of coke in the DCQP with different 

design of the coolant supply to the blower head - one or two beam design, as well as 

various forms of the DCQP blower heads. 

- determination of ratios in the speeds of coke movement inside the DCQP 

chamber regarding zones of accelerated descent and stagnant zones of coke. 

The numerical terms of the change in the rate of coke descent in the fire 

extinguishing chamber of the DKKP depending on the design of the blower head and 

the difference in the supply of refrigerant is presented. 

Analyzing the obtained values of the maximum change in the speed of coke 

movement, it can be argued that the constructive creation of resistance to the 

movement of coke in the form of a two-beam structure for supplying coolant to the 

blower head creates conditions for a more uniform descent of the coke loaded into the 

quenching chamber of the DCQP, on average reducing the rate of descent of coke by 

8-3.4=4.6%. The study presents a more detailed analysis of the revealed influence of 

the design of various units of the DCQP on the nature of the movement of coke in the 

quenching chamber of the DCQP during its unloading. 

Comparison of the surface profiles of the considered DCQP indicates an earlier 

and noticeable manifestation of zones of accelerated coke descent with a single-level 

blow head, the reason for which is its smaller cross-sectional area than that of a five-

level blow head. 

The use of a two-beam DCQP with a single-level and five-level blow head is 

characterized by uniform coke descent in all sectors almost to the level of the blow 

head. Evidence of this is the parallelism of the coke surface profiles almost to the 

level of the blow head during its batch unloading. With a two-beam DCQP, the 

acceleration of coke removal is observed in all four sectors and begins to visually 

manifest itself at the level of the blow head. 

The movement of coke to the level of the blast head is characterized by the 

constancy of the rate of unloading of coke over the cross section of the quenching 

chamber, which creates optimal conditions for uniform distribution of the coolant in 

the array of quenched coke. Estimation of the number and size of zones of 

accelerated coke descent shows that a single-beam DCQP is characterized by the 

presence of two zones of accelerated descent located in the sectors of the boiler and 

coke sides. 

A larger number of zones of accelerated descent creates a condition for a more 

uniform descent of coke throughout the entire volume of the DCQP chamber. 

The manifestation of the action of zones of accelerated descent begins the 

earlier, the smaller the surface of the blow head. 

The transition from a single-beam design of the DCQP to a two-beam one 

postpones the moment of the beginning of the formation of an accelerated descent 

zone, reduces its size and creates conditions for the same behavior of coke in all 

sectors of the quenching chamber. 

Due to the fact that a single-level blower head is 40 mm (1 m in a real DCQP) 

lower than a two-level one and   80 mm lower than a five-level one, we consider it 
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preferable to use it in a two-beam DCQP, since it ensures not only uniform washing 

of coke by the coolant, but also the time of contact of coke with the coolant on the 

coke and boiler sides increases at the same productivity of the DCQP. 
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The relationships of the data of proximate (moisture content, ash content, yield of volatile 

matter, and nonvolatile carbon content) and elemental (carbon, hydrogen, nitrogen, sulfur, and 

oxygen contents) analyses of various plant raw materials for the production of biogas, charcoal, 

and torrefied biomass with their gross calorific values were analyzed. Mathematical relationships 

were developed for predicting the gross calorific values of plant raw materials with high accuracy 

based on the carbon and oxygen contents and atomic ratios between carbon and oxygen. 
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The heat of combustion of fuel is determined as the amount of thermal energy 

released upon the combustion of a certain amount of this fuel [1, 2]. Heat of 

combustion is an important property of plants, which can reflect the ability to absorb 

solar radiation during photosynthesis. The heat of combustion of coniferous wood is 

higher than that of deciduous wood, and different components of wood, such as 

stump, trunk, top, bark, foliage, and branches also have different heats of combustion. 

The heat of combustion of plant raw materials is related to their elemental 

composition, in particular, to carbon, hydrogen, and oxygen contents. Different types 

of plant raw materials are characterized by different elemental compositions; 

therefore, they have different heats of combustion [3]. 

The heat of combustion of plant raw materials also depends on their chemical 

composition, in particular, on the concentrations of cellulose, lignin, hemicellulose, 

and resinous substances in them.  
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