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Fig. 1. Air heater after the fan (on the discharge side). 
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.2.   . 
Fig.2. Scheme of the gas ramp. 

.3.     -
. 

Fig.3. Arrangement of burners in the heater. 
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; L –    
  ; i – 

    i-    
; Fi –     i-  

  ; di –  -
   i-    ; 

Fi  –     i-   
 ; n1i -    

i-    ; F1i –  -
   i-    ; a1i 

–     i-  
 . 

    
  . 4, .   

    
   -

.     

   = 18 ,  
 = 160    1600 ,  -

    -
    

.   (197353 -
)   . 4, . 

     -
   -1,0, 

     853.000  
    100 

3/ ,    – 1,0 
 [1].    G -

   G1,    
    G2 -

,      -
   : 

. 1.      
Table 1. Extreme conditions and simulation results 

i di 
Fi, 

2 
i, 

 
1i, 

 ni 
Fi , 

2 n1i 
F1i, 

2 
a1i, 

 
1 1 0,7854 20 18 153 120,17 170 0,7069 0,8408
2 1 0,7854 20 18 153 120,17 170 0,7069 0,8408
3 2 3,1416 10 9 306 961,33 340 2,8274 1,6815
4 2 3,1416 10 9 306 961,33 340 2,8274 1,6815
5 2,5 4,9088 10 9 306 1502,1 340 4,4179 2,1019 
6 2,5 4,9088 10 9 306 1502,1 340 4,4179 2,1019 
7 3 7,0686 10 9 306 2163,0 340 6,3617 2,5222
8 3 7,0686 10 9 306 2163,0 340 6,3617 2,5222
9 4 12,566 17 18 180 2262,0 170 13,306 3,6477

10 2 3,1416 9 9 340 1068,1 340 3,1416 1,7725

 b 

.4.  –    ; b –  . 
Fig.4.  – calculation scheme of the ramp burner; b – the computational grid. 

_______________________________________________________________________________________

_______________________________________________________________________________________

ENERGY-EFFICIEN Y IN CIVIL ENGINEERING AND ARCHITECTURE. 2018. Issue No. 11.

90 ISSN 2310-0516 (Print)



1

2

1

2

F
F

G
G , (6) 
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[5]    -

    : 
q3 = 0,03 %; CO = 0,02 % .: NOx = 102-115 

3. 

 

   -
   -

      -
   .   

     -
 . 

. 2.   
Table 2. Initial data 

  , % ( .)  1  2  3 
100,0 38,6 38,6

– 13,4 13,4
– 48,0 48,0

   ,  / 3,183e-05 3,183e-05 12,732e-05
  , 293 293 293

  , / 0,03428 0,03428 0,03428
 , 263 263 263

 b 
.5. a –   ( )    .  :  1,  2, 

 3. b –   CO2    .  :  1, 
 

Fig.5. a – gas temperature (K) in the longitudinal plane of the burner. From top to bottom: option 1, variant 
2, variant 3. b – mass fraction of CO2 in the longitudinal plane of the burner. From top to bottom: op-
tion 1, variant 2, variant 3. 
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. 3.        
Table 3. Mass-average gas parameters at the outlet of the burner 

  1  2  3 
, / 11,0 9,5 11,2

, 311 275 311
   CH4 2,899042 -15 7,487246 -21 1,975411 -15 
  O2  0,2279308 0,2309631 0,2279358 
  CO  8,681544 -14 3,533264 -19 5,944068 -14 
  CO2  0,002660474 0,0006842518 0,002674119 
   H2O 0,002178072 0,0005601522 0,002189221
  N2  0,7672306 0,7677925 0,7672009 
  NO  5,166117 -07 3,786887 -09 6,164769 -07 
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Numerical investigation of the process 
of low calcarium gas injection 

in the mixture air heater 

Redko Andriy, 
Redko Igor, 

Priymak Alexander 

Summary. Gas mixing air heaters are widely 
used for heating air in the systems of inflow venti-
lation of autonomous air heating and thermal cur-
tains of industrial premises, drying installations, 
for heating of greenhouse farms. Mixing of air 
with products of combustion of gaseous fuel pro-
vides effective air heating. Air heaters are manu-
factured with a nominal thermal capacity of 0.15 to 
6.3 MW. The coefficient of working regulation for 
thermal power, not less than 2,5. Air heating in the 
range of 30-80 ° C. The mathematical modeling of 
radiation - convective heat transfer in the gas tract 
of the boiler is executed on the basis of the aver-
aged by the Reynolds number of the Navie - Stoks 
equations, taking into account gravity and with the 
neglect of compression. The model consists of the 
equation of continuity, impulse transfer, energy 
and chemical components of the gas mixture, rec-
orded in a stationary form. The equations are 
closed by Newton's law for a pressure sensor. 

Fourier law for heat flux, the Fick's law for 
mass flow, the Clapeyron-Mendeleev law for the 
thermodynamic state of a gas mixture, the equa-
tions of the turbulence model k-  Launder-
Spalding and the model of turbulent combustion 
of Magnus-Hertgaher. The results of numerical 
simulation in the form of vectors of flow rates of 
gases, temperature, and concentration of O2, 
CH4, CO, H2O, CO2 in the characteristic sec-
tions of the flow part are presented. The aerody-
namic structure of the torch, long range and 
maximum temperature zone are determined. 

The obtained results of theoretical research 
can be used to regulate the design parameters of 
gas mixing air heaters with the provision of 
specified concentrations of these gases depend-
ing on their need for growing crops in closed 
soils, as well as to achieve the necessary temper-
atures and velocities of the gases of the corre-
sponding technologies. Maybe the basis for algo-
rithmization of automation of the corresponding 
technological processes and cycles of elements 
of air (gas) systems of heat supply for various 
purposes. Calorie gas in mixing air heaters are 
presented 

Keywords. air heater; mixer air heater; ramp 
burner, mine gas, methane. 
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