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Abstract
The choice of rational cell dimensions of checker block is made to reduce material consumption and 
dimensions of Cowper blast heaters. An impact of cell dimensions variation (diameter of checker 
flue) and center between them upon the change of specific heating surface of checker works and 
also open area, specific brick volume and equivalent half thickness of wall between cells, minimal 
thickness of the latter is studied. Dependences between specific brick volume, equivalent and 
minimal wall thickness and the checker flue diameter in case of the changes of the latter from 0.1 up 
to 41 mm are established. It is shown that the installment of horizontal passages in checker blocks 
facilitate the change of flue diameters  d ≤ 15 mm
Key words: Cowper blast heaters, checker, heat exchange, cell dimensions

Operating Cowper blast heaters (CBH) are re-
quired to enhance technical characteristics of resis- 
tance, material consumption, environmental compa- 
tibility and thermal performance efficiency.[1-3]. To 
reduce material consumption (dimensions) of CBH 
checker works and thus of linings and housings, heat 
loss through brickwork, thermal pollutions, the cell 
dimensions are being reduced over the last years that 
increases specific heating surface [4-6].

Figure1. Regular hexahedron as an element of checker work

Formulas to calculate specific heating surfaces of 
checkers are shown below:

For regular hexahedron 
In a study [7], authors demonstrate that if   is the 

base of regular hexahedron, center x between gaps of 
checker cells is changed by k times and diameter of 
cells d is changed by p times, where kp ≠

where

k
p

=ε , and kp ⋅ε= , (2)

then specific open area will be changed 
2ε  times

If kp>  and 1>ε , specific open area 2S increas-
es by 2ε  times in comparison with the initial specific 
open area S

2
2 SS ε⋅= . (3)

In a study [7], it is illustrated that the modified 
specific heating surface F2 and the initial specific area 
F are bound by equation

k
FF2
ε
⋅= (4)

If 11 xd >ε⋅ , then checker flues are overlapped and 
the heating surface is reduced.

Under quite big value of ε area filled with che- 
cker work is disappeared, it is destructed into separate 
fibers

1S→ , 0F→ . (5)

Figure 2. Cowper Stove checker with square cells ⋅=k2 ; xkx2 ⋅= ; dkdpd2 ⋅⋅ε=⋅= , (1)

.
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For Cowper stove checker with square cells
Specific heating surface F of Cowper stove                   

checker with square cells (Fig. 2) and dimension d  [8]                                                                                                        
and actual brick thickness δ is calculated as                                
follows:

( )2d
d4F
δ+

⋅
= (6)

Calculation data shown below in a table 1 is 
accomplished according to equation (6).

Table 1. Dependence of the maximal specific heating surface of Cowper stove checker work with square cells on its diameter

Dimensions of the checker cell diameter,d , mm
40 30 25 20 15 10 5 1 0,5 0,1

F , m2/m3 100 133.3 160 200 266.7 400 800 4000 8000 40000

For hexagon checker with round holes

Figure 3. Hexagon checker with round holes

Based on the dependences for parameters of hexa-
gon checker (Fig. 3) with round holes [9], there were 
data close to specific ones according to dependences 
(1)-(14) out of [7]:

- specific heating surface, 3

2

m
m

d
S4F ⋅

= ; (7)

- specific open area of the checker work, 2

2

m
m

(8)

where Vк - specific brick volume, 3

3

m
m ;

- space between holes

mindx δ+=

,

(9);

 - equivalent wall half thickness in a block [8], m:

( )1
4eq
dr S

S
= − ⋅

⋅
(10)

Minimal wall thickness between cells, m

.









−⋅=δ 1

S
Admin (11)

where 905.0=A    for hexagon checker works with 
round holes 

Dependence of checker block parameters and 
checker flue diameter are shown in a Table 2

Table 2. Parameters of checker blocks with round holes

Cell dimensions d , mm
41 30 25 20 15 12.5 10 1 0.1

Vк, m3/m3 0.6969 0.6867 0.6932 0.6932 0.6932 0.6932 0.6932 0.6932 0.6932
rэ, mm 23.57 16.44 14.12 11.3 8.47 7.06 5.649 0.5649 0.05649

minδ , mm 25 17.5 15 12 9 7.5 6 0.6 0.06

2

2
eqr
a

τ >>
⋅

Thereby with duration of periods inertia, increase of brick thickness leads to reduction 
of accumulating capacity, damping of brick tem-
pe- rature fluctuation for the period and gain of heat              
exchange capacity.

Increase of heating area with brick volume 
constVb =  results in damping of temperature fluc-(а-heat diffusivity, m2/s), i.e. time of brick thermal 
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tuation in a checker and rise of heat recovery factor ro 
and thus heating temperature of blast:

av.blt   - average temperature of heating of blast for 
the period °С; av.gt  - average gas temperature for the 
heating period °С. And vice versa, increase of brick 
volume with the heating area F= const results in ro 
=const and impacts the temperature fluctuation only 
[10].

Dependence of maximal specific heating surface 
of Cowper stove checker work on flue dimension d  
where δcm → 0 is made accordingly (6)

Actual heating surfaces tend to the stated maximal 
specific heating surfaces.

For regular hexahedron
It was previously demonstrated for the equation

,

k
1F

k
dnF 21 ⋅=

⋅

⋅π⋅
=



that 1F  is a monotonic function k without extremum. 
The case is:

2
1

k

F
k
F −

=
∂

∂
0

k
1

F 2 =− 0
k
1

2 =
where ∞→k; ; .

∞→=
d
dk 1  where 0d→  will be min1F

012 32
1

2

>⋅⋅=
∂
∂

k
F

k
F

, i.e. where 
2

1

k

F-
k
F

=
∂

∂

0F1→  where ∞→k .

Our concern is an assumption

maxF . В 
k
FF1= ,

1F  will have the largest value when

0
d
dk 1→= ,i.е. where 0d1→

222

2 1
S

4

dn
S

ε
⋅=

⋅

⋅π⋅
=



; 

ε
⋅=

⋅π⋅
=

k
F

dn
F 22



.

Where
 2x

1
n =  - quantity of holes for 1  m2 of 

checker cross section (squared with the side 1 m); х  
is the distance between holes in a checker.

4
d

x
1

4
dnS

2

2

2 ⋅π
⋅=

⋅π⋅
= ; 

2

3

d
2 x

dS
dx

π− ⋅
=

⋅
;

0
x2
d

3

2
=

⋅

⋅π
−  where ∞→x ;

i.е. we have min S where ∞→x

2 2

2 4

3 d 0
2 x

d S
dx

π⋅ ⋅
= >

⋅
,

The hexahedron heating area in 1 m3 checker 

work, 
3

2

m
m

2x
d

F
⋅π

= , ε=
d
x

 or d
d
x

1
d

d

d
x

1
F 222

π
⋅









=
⋅π

⋅









= .

Where constd =  and  varx= .

;     where ∞→x3

2dF d
dx x

π− ⋅ ⋅
= 3

2 0d
x
π− ⋅ ⋅

=

( )[ ] 06
42

2

>
⋅⋅

=
x

d
xd
Fd π

. As 
( )[ ]

0
xd
Fd

2

2
> ,

then ∞→x , we have 0F→ , i.е. minF .

When vard=  and constx=  where 0d→  and 
0F→ .

For Cowper Stove checker work

( )
d

2d

4
d

d4F 22 δ
+δ⋅+

=
δ+

⋅
=  .

F increases when the wall thickness δ and flue 
diameter are reduced. If 0→δ , then

4F
d

→

For hexagon checker with round holes
Let us differentiate the equation

222

2

x
d

x
dF ⋅π
=

⋅

⋅π⋅
=





with respect to d:
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( ) 2

1 1 0
d x

dF
d

π= ⋅ ⋅ >

For d
x
1F 2 ⋅π⋅= .

When 0d→  and 0F→  , the whole open area is 
filled with checker work.

When ∞→x  and 0F→ , it results from the equa-
tion

when 0d→ , 0S→ ; and when ∞→x , 0S→ .

Conclusion
The impact of checker flue diameter and center 

between cells on the values of specific brick volume, 
equivalent wall thickness between checker flues and 
minimal wall thickness between cells was explored.

The dependences of specific brick volume, equiv-
alent and minimal wall thickness on the diameter of 
checker flue in case of changes of the latter from 0.1 
up to 41 mm were shown.

It is verified that within limits when the wall thick-
ness between checker flues goes to zero we will get 
the minimal specific open area of flue and its heating 
surface

Horizontal passages in the checker blocks provide 
an opportunity to shift to diameter of checker flues            
d ≤15mm and that significantly reduces the dimen-
sions of Cowper stove heaters, material consumption 
of firebricks and metal cover and heat losses.
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