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The finning of heat-transmitting surfaces is widely used in technics for heat-exchange surface 
increasing. The finning forms are rather various. The finning not only increases a heat-exchange surface, 
but also renders the big influence at hydrodynamics of a stream, and thus at heat-emission factor. The 
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more favourable finning forms (so-called polyzonal and herring-bone) have been developed during 
experiments with various finning methods of fuel element claddings. The lacks of herring-bone surfaces 
are the high labour input and the cost price of manufacturing. These lacks can be removed due to the 
3D-printing technology, since the advantages of 3D-printers using are the decrease of the cost price of 
production manufacturing, the reduction of terms of its occurrence in the market, modeling of objects of 
any form and complexity, the speed and high accuracy of manufacturing, the possibility of use of the 
various materials maintaining high temperature, intensive mechanical loadings and influence of harmful 
chemical substances. It is necessary to create the computer 3D-model of desirable object during
preparation for 3D-printing. The analysis of classical representations has shown that their practical 
application is limited or demands significant efforts for construction of models of complex geometrical 
objects. One of the most perspective is the functional representation in which basis is the use of implicit 
mathematical functions language with constructive opportunities of the R-functions theory developed by 
academician V.L. Rvachev.
The developed techniques of construction of the equations of various finning surfaces at the R-functions 
theory basis and their subsequent 3D-realization are shown. The research of hydrodynamical and 
temperature fields at polyzonal finning of fuel element cladding are resulted.
The consecutive construction of the longitudinal, polyzonal and herring-bone finnings  equations of the 
fuel element claddings allows to track the algorithm complication process due to corresponding 
superpositions in the initial equation which kind does not change. It is one of examples of advantage of 
the geometrical objects analytical identification realized with the help of R-functions.
The results of the velocity and temperature fields research for various values of twisting parameter, 
testifying that the warming up in the intercostal zone increases with increase in value of twisting 
parameter, are shown.

Keywords: R-functions theory, Ritz method, heat transfer, fuel element cladding, polyzonal and herring-bone 
finning, 3D-printer.

-

-
-

-
FDM (Fused Deposition Modeling

- -
-7]. 

,



Visnyk of Zaporizhzhya National University. Physical and Mathematical Sciences 279

   1, 2017 

-

R- -

- 0R
1

22
1

1 2 14
, sin

2 1

i

i

i xh
x h

hi

1

2

sin 2 1
8 2

1
2 1

k

k

n
k

n
n k

2 2
2 2 2 2

0 02 2

2
1 4 7,5 0

0,56 0, 2

sx sy
x y z , (1) 

cos ,

sin ;

sx r

sy r
1

2

1
sin 2 18 21 ;

1 2 1

k

k

no
k

no k
;22 yxr ;

y
arctg

x

201no

2 2
2 2 2 2

0 02 2

2
1 4 7,5 0

0,56 0, 2

sx sy
x y z ,

cos ,

sin ;

sx rs s

sy rs s

1

2

1
sin 2 18 21 ;

1 2 1

k

k

sno
k

s
no k

;22 ysxsrs ;
ys

s arctg
xs

cos sin ,

cos sin ;

fi fi
xs x y

n n
fi fi

ys y x
n n

2
, 3.

10

z
fi n

2 2
2 2 2 2

0 02 2

2
1 4 7,5 0

0,56 0, 2

sx sy
x y z ,

cos ,

sin ;

sx rs s

sy rs s



280 -

- ISSN 2518-1785 (Online), ISSN 2413-6549 (Print) 

1

2

1
sin 2 18 21 ;

1 2 1

k

k

sno
k

s
no k

;22 ysxsrs ;
ys

s arctg
xs

cos sin ,

cos sin ;

fi fi
xs x y

nl nl
fi fi

ys y x
nl nl

1

22

sin 2 14
1 , 3, 3.

2 1

k

k

z
kh hfi h nl
k

4

2 2
2 2 2 2

0 02 2

2
1 4 7,5 0

0,56 0,2

sx sy
x y z ,

cos 1,

sin 1;

sx ros

sy ros

;22 ysxsros ;
ys

s arctg
xs

1

2

1
sin 2 18 21 1 ;

1 2 1

k

k

sno
k

no k

cos sin ,

cos sin ;

fi fi
xs xx yy

n n
fi fi

ys yy xx
n n

cos 2,

sin 2;

xx r

yy r
1

2

2
sin 2 18 22 1 ;

2 2 1

k

k

no
k

no k

2
;

20

z
fi ;22 yxr ;

y
arctg

x

2 6no

1, a-

-



Visnyk of Zaporizhzhya National University. Physical and Mathematical Sciences 281

 1, 2017 

R-

-

:

,

1
,

0,

V

p p

qDT
a T

D c c

DV
p V

D

divV

(2) 



282 -

- ISSN 2518-1785 (Online), ISSN 2413-6549 (Print) 

D
V

D

p

a
c pc Vq

cos sin ,

sin cos ,

.

x x z y z

y x z y z

z z

1 3 32
1 2 2 2 2 2

2 2 3 2 3 3
1 2 2 1

3/2

2 3
2 1

;

1
2 1

1
2 2 2 ;

2

V

p p

qT
V T a T

c c

V V V p p p
V V V x y xy y

f x y zf

V V V V yV
V y x V

x y y z ff

V V
V V V

f

32
2 2 2 2

1 1 3 1 3 3
2 2 2 2

3/2

3 2 3
3 1 2

3

1
1

1
2 2 2 ;

2

V p p p
y xy x x

f x y z

V V V V xV
V y x V

x y x z ff

fV V p p p
V V xV yV y x

f x y z

V
2 2 2 2 22 3 3

3
2

1 2 3

2
;

1
0;

x yV V
x y V

f x y f

V V V

x y zf

2 2 2 21f x y ,
3

1 2 V
V V V

x y zf
,

2 2 2 2 2 2
2 2 2 2 2 2

2 2 2
1 1 2 2 2 .y x xy y x x y

x y z x y x z y z x y

0V



Visnyk of Zaporizhzhya National University. Physical and Mathematical Sciences 283

   1, 2017 

i
iT T ,

T q

n
, c

T
hT q

n
,

0 0

0 0

;

.

T T

T T

n n

1 1 2,x x

2 2 2 2 21 1 1 1
2 1 1 2

1 1 2 2 1 2 2 1

1 1
T u u u u

x x x x
n x x x x x x x x

. (3)

2 3 2 3 2 3 3 3
2 2 2 2 2 2

2 2

2 2 2 2 2

3
2

1 1 2

2 1
;

V V V V V
y x xy x y

x y x y x y

x y p
V

f zf

 (4) 

2 2 2 3
2 2 2 2 2 2

2 2
1 1 2

T T T T T V
y x xy x y

x y x y x y a f
. (5) 

- 6]. 

22
2 2 2 2 2 2

1 1 1 2 2
V V V V

I y x xy KV FV dxdy
x y x y

,

2 2 2 2 2

2 2 2 2
2

2 1
; ; 1

x y p
K F f x y

f zf
; 

22
2 2 2 2 2

2

2 2 2 2 2

1 1 1 1
1 1 2 2 1

1 0 1 0 0 1 1 0
2 1 1 ,

T T T T
I y x xy GT dxdy

x y x y

T T T T T T T T
y x xy dxdy

x x y y x y x y

fa

V
G

3

02/222
1 RyxRf ) 0

1
T

( 0 ) 1
2

T 3
1 1V

;10 TTT 1

1 2

0 ;
f

T
f 1 21T 1 1 0 2f

4.



284 -

- ISSN 2518-1785 (Online), ISSN 2413-6549 (Print) 

0

3

2



Visnyk of Zaporizhzhya National University. Physical and Mathematical Sciences 285

   1, 2017 

1. , :
, 1974.

2. ,
. , 1969. 352

3. -
,

4. - ,

5.
-

6. - -

7. -

549.

REFERENCES 
1. Petukhov, B. S., Genin, L. G. & Kovalev, S. . (1974). A heat exchange is in nuclear power installations. 

oscow: Atomizdat.

2. Andreyev, P. A., Gremilov, D. I. & Fedorovich, Ye. D. (1969). Heat-exchange vehicles of nuclear power 
installations. Leningrad: Sudostroyeniye.

3. Antufyev, V. M. (1966). Efficiency of various forms of convective heating surfaces. Moscow-Leningrad: 
Energiya. 

4. Rvachev, V. L. (1982). Theory of R-functions and some of its applications. iev: Nauk. dumka.

5.
building a grid on the surface of geometric objects that are described by means of mathematical theory of R-

6. Maksimenko-Sheyko, . V. (2009). R-functions in mathematical modeling of geometric objects and physical 
fields. Kharkov: IPMash NAN Ukrainy.

7. Choporov, S. V., Gomenyuk, S. I., Lisnyak, . ., Al-Omari, . . V. & Alatamnekh, H. H. (2016). 
Triangulation of surfaces under a hybrid parametric and implicit representation. Vestnik Khersonskogo 
natsionalnogo tekhnicheskogo universiteta, No. 3(58), pp. 542-549.

-

kkt_fpm@ukr.net

,


