
ИССЛЕДОВАНИЯ И РАЗРАБОТКИ

№1 (9) 2018smi.nuos.edu.ua    smi@nuos.edu.ua

92

 

HEAT TRANSFER INSIDE THE ROUGH-WALLED  
TUBULAR CHANNELS OF POWER PLANT ELEMENTS
ТЕПЛОВІДДАЧА ВСЕРЕДЕНІ ТРУБЧАСТИХ КАНАЛІВ З ШОРСТКОЮ 
СТІНКОЮ ЕЛЕМЕНТІВ ЕНЕРГЕТИЧНИХ УСТАНОВОК

DOI 10.15589/SMI. 2018.01.13

Valerii V. Kuznetsov 
  valeriy.kuznetsov@nuos.edu.ua 

Admiral Makarov National University of Shipbuilding, Mykolaiv

Abstract. Tubular channels with rough walls are now widely used for the formation of heat 
transfer surfaces of heat exchangers, which must meet the technical and economic require-
ments for power plants. Among these requirements, intensity and compactness are the main 

transfer on rough surfaces is based on a complex analysis of the effect of roughness in geo-

same time, the results of these studies are limited to the investigated heat agents, as well as 
the relative roughness heights. To compare the results of experimental studies on heat trans-
fer, a generalized mathematical expression is derived on the basis of the Lion equation. It is 

as the key factor of roughness. Surface roughness is divided into technical and regular. Com-
parison of the obtained solution to the available experimental data on heat transfer in techni-
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providing the conditions for minimizing the total energy 
consumption for the motion of heat carriers.

of heat transfer and the compactness of surfaces on the 

To solve this problem, heat exchangers should fea-
ture the heat transfer intensity necessary for ensuring 
their preset weight and dimensions, with a moderate in-
crease in hydrodynamic resistance. An effective way to 

-
sions of the roughness, its spacing, as well as the ratio of 
the areas of rough and smooth surfaces. Simultaneous 
consideration of these parameters in heat transfer using 

Problem statement. Tubular channels with rough 
walls are now widely used for the formation of heat 

meet the technical and economic requirements for power 
plants. Among these requirements, intensity and com-
pactness are the main ones. Implementation of these 

heat transferred between heat carriers through the sepa-
rating surface. They come down to increasing the heat 

methods for achieving compactness are based on the 
reduction of weight and dimensions; they boil down to 
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pendence both on a smooth wall and in the boundary 
layer on a rough surface. On the basis of experiments 
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To calculate heat transfer in tubes with a sandy 
roughness under the full manifestation of roughness, the 
following relations are obtained based on the heat and 

hw
BhG *St Pr;

BG
St ,                   

where

h
RhwB ln..*  

also, St
Prandtl number, G(h ; Pr) is the heat transfer function 
for a rough wall, which depends on the roughness height 
and geometry, as well as the Prandtl number; h* hw* v.  
For different roughness, the right-hand side of the latter 
formula takes on different values.

The considerable labor intensity of experimental 
studies intended for establishing the B and G functions 

transfer and friction in tubular channels with rough walls.
The common disadvantage of publications employ-

ing an averaged approach to the description of the hydro-
-

-
over, the difference between the turbulent and viscous 

-

near the wall is replaced win an averaged conditional  

The second, more detailed approach to modeling the 
-

on the way to the next element.

a rough surface is complicated by a lack of knowledge 
about the determining effect of each of these factors, as 

-
vantage of such estimation of the effect of roughness in-
dicators on the intensity of heat transfer, and its solution 

above. 

Latest research and publications analysis.  To date, 
a number of works have covered the study of hydrody-

the most part, these processes have been studied with re-

equations were obtained for determining the hydraulic 
-

prehensive accounting of the quantities for the intensity 
of heat transfer processes is carried out according to the 
Reynolds analogy factor.

-

help of knurls, grooves or protrusions. It is shown that 
two fundamentally different approaches are used for the 
calculation of such channels.

-

-
face. The dimensions of a protrusion are characterized 
by the height h. The rough surface can be replaced by a 

for the transverse coordinate y). The effect of protrusions 
-

follows from the experiments that the logarithmic veloc-
-

tion remain valid for the rough wall. The distribution of 
the mixing path magnitude across the boundary layer is 
the same both on the rough and smooth walls; the value 

same.
-

ness, of practical interest is the state (mode) of its full 
manifestation, when the dynamic Reynolds number is 

hw* v * ww  is the dy-

namic velocity, which is a measure of turbulent pulsa-
tions, w is the average velocity of the heat carrier in the 

channel, with the resistance of 
k

 and the parameter 

.ln
h
Rk

of the semi-empirical turbulence theory, and R is the 
channel radius.

In this mode, the protrusions come out of the sub-

f (h R f (Re)).
Taking into account the above assumptions, the ve-

-
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-
ing the experimental studies of heat transfer in tubes 

-
ited by the presence of the parameters of the geometric 
arrangement of roughness in the above-mentioned de-
pendences, for example, Fsm Fr s d, 
where s is the roughening element spacing, and d is the 

-

surface.
It is recommended to implement an integrated ap-

-

f
f

Nu
Nu

FAR  

-
tion to the increase in pressure losses. The Nusselt num-
ber Nu f for a 
smooth-walled channel are taken as the basic values for 

In accordance with the recommendations of publica-

Nu Pr ,
f .

-

k
f

where

.ln.
r

Rk

R -
ness height. 

of heat transfer on rough surfaces is based on a compre-
hensive analysis of the effect of geometric parameters of 
roughness and thermophysical properties of heat carri-

r R). For a more accu-
rate analysis and generalization of the results of studies 
on the heat transfer in heat exchangers with rough chan-
nels, it is necessary to employ the Lion equation in or-
der to obtain a mathematical expression for determining 

as the dependence of thickness of the viscous sublayer on 

rough channel is the system of differential equations de-
scribing convective heat transfer.

The complexity of analytical solution of the differen-
tial equations for the turbulent boundary layer has neces-
sitated the development of integral methods that simplify 
calculation of the boundary layer.

Using the assumptions related to the nature of distri-
bution of the temperature head and velocity of the exter-

has been virtually reduced to the similarity equation for 

nn
xx wwcNu Re ,

where w and w  are the velocities of the potential and 
x w X v is the local 

Reynolds number; Nux x X -
bulent boundary layer; n X is the distance from 
the beginning of the formation of a turbulent layer. By 

transverse protrusions, the following formula for the av-

.
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where l is length of identical smooth and rough tubes, 
and t is the protrusion spacing.

It is noteworthy that the obvious drawback of depen-
-

fer on the height of protrusions in the tube.
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where R r is the height of 

depressions in the laminar sublayer; Fsm Fr is the ratio of 
the smooth and rough surface areas.

For tubular recuperative heat exchangers, reduction 
of the heat resistance within the channel substantially de-
pends on the rough surface.

The heat transfer patterns in such heat exchangers are 

and the nature of its motion, as well as geometric param-
eters, shape and size of the surface roughness within the 
channels. The existing theoretical solutions to the prob-
lem of heat transfer in rough tubes have been obtained 
at additional assumptions that do not take into account 
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In this expression, wx is the axial component of the 
heat carrier velocity in the boundary layer, qst is the heat 

R is the internal radius of the 
channel, x and r are the current axial and radial coordi-

r v are the dimensions of the roughness 
and thickness of the viscous sublayer, respectively.

Solution of the problem. -

plier g   is the ratio of the turbulent heat transfer 

-
pressed through the values of the turbulent Prandtl num-

T
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 is a function of the relative chan-

nel radius 
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The turbulent viscosity parameter T  as part of 
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Considering the effect of velocity distribution on 

-
sionless form in order to obtain the criterial dependence 

-

t
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where PAR PAR
depend on the geometric dimensions of the roughness 
and are estimated in the process of solving the problem 

roughness height as the key factor, the roughness being 
practically distributed in the form of knurls, holes, and 
protrusions.

THE ARTICLE AIM is to obtain a generalized de-

transfer intensity taking into account hydrodynamic re-
sistance. This comes down to solving the following prob-

tubular channels;

heat transfer.

Basic material. 
Mathematical formulation of the problem. The 

computational diagram of heat transfer in a tube with 

According to the provisions of the hydrodynamic 

be reduced to the energy equation for an axisymmetric 
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Fig. 1. Rough surface element and computational diagram of 
the problem
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where C

Analysis of the solution and substantiation of the 
conditions for its application. For the sake of analysis, 
the roughness of tubular channels is divided into two 
groups, irregular (or technical) and regular. The former 
of roughness is caused by the peculiarities of manufac-
ture and operation of tubular channels, while the latter 
is discrete roughness applied to the tubes in the form of 
holes, knurls, etc.

type of roughness. Calculations were made for the 
r

diameter d
Analysis of the comparison results shows that the 

-
r R values 

-
tween the experimental data and the data obtained with 

r R
observed in a relatively “narrow” channel (H d

A similar discrepancy between the theoretical solu-
tion and the published data is also observed for the tubes 
with regular roughness in the form of ring rolls, which is 

FAR indicator 
on the Re number that is obtained at the relative rough-

r R

heat transfer growth, FAR
corresponding to a particular roughness height features 
a local maximum. This is explained by the fact that a 

-
lence and makes the laminar sublayer thinner. Besides, 
the roughness element protrudes into the turbulent core, 
which creates additional resistance and reduces the ef-

mode inside tubes in order to achieve the maximum ef-
-

r

-

lnlnln
RR

A
R

APAR

ln AAA
RR

R
A

R
A

n
RA

n

n

ln
R

A
R

A

A
RR

A
R

A

A
R

A
R

A

Rn
A

n

n

)( Rnn
A

n

n

)( Rnn
A

n

n

A
Rn

A
n

RA
nn

n

A
R

.

The input geometric parameters are estimated as fol-

r

.ln.

.. RA ;

.ln.

..

r

RA

.ln.

..

r

R , 

r

.ln.

.
RA ;



ИССЛЕДОВАНИЯ И РАЗРАБОТКИ

№1 (9) 2018smi.nuos.edu.ua    smi@nuos.edu.ua

98

Fig. 2. Comparison of the obtained solution to the reference 

S 4
S S

Fig. 4. Comparison of the obtained solution with the reference data for regular roughness in the form of a knurl (d stands for the 
internal diameter of the knurl, D , d D

r R , 4 d D

Fig. 5. Dependence of the Reynolds analogy factor FAR r r R

Fig. 3. Comparison of the obtained solution with the reference 
data for regular roughness in the form of a hole (H stands for 
the channel height, d , -

H d
H d -

tively
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r R

r R

-
FAR number, which is caused by thinning 

of the laminar sublayer and protrusion of the roughness 
element into the turbulent core.

-
tive roughness height in order to enhance the heat trans-

-
ment of appropriate rough-walled tubular channels for 
the power plant elements.

FAR
resistance (f f -
tern, the obtained results are similar to spherical protru-
sions in a rectangular and circular channel, which con-

CONCLUSIONS.

walled tubular channels of power plant elements. The 
r R) 

is assumed the key parameter in this solution.

the reference data, the discrepancy in the obtained re-

Fig. 6. Comparison of the obtained values of the Reynolds analogy factor with the data for different methods of heat exchange 
-

trusions in a square channel; 4
6
channel; 9
ribs; 
with the opposite wall; , 
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ЗУБЧАТЫЕ ПЕРЕДАЧИ  
НОВОГО ПОКОЛЕНИЯ

Разработанные зубчатые 
передачи по сравнению 
с традиционными характе-
ризуются следующими пре-
имуществами: 

 появляется возможность ис-
ключения из конструкций пла-
нетарных и псевдопланетарних 

зубчатых передач компенсиру-
ющих устройств; 

 использование вместо косо-
зубых и шевронных зубчатых 
передач прямозубых передач 
с точечной n парной системой 
зацепления зубьев; 

 при одинаковой нагрузоч-
ной способности зубчатых 
передач с начальным точеч-
ным контактом зубов возмож-
но одновременное снижение 
веса и габаритов по сравнению 
с традиционными передачами 
примерно на 30...40%

на основе созданной теории 
контактной прочности

Модель разработанной  
прямозубой шестерни

просп. Героев Украины, 9, каб. 455                   г. Николаев, Украина, 54025
                                        тел.: +38 (0512) 70-91-13           e-mail: serhiy.serbin@nuos.edu.ua


