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On Possibility of Controlling of Temperature of
Gases and Liquids in a Transportation System by
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E.L. Pankratov et

Abstract: In this paper we consider an approach of changing the temperature of liquids and gases in the pipeline by local heating
and cooling. We introduce a model of heat transfer with account forced convection. Also we introduce an analytical approach for
prognosis of heat transfer.
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l. INTRODUCTION

In a several technical equipment it is necessary to conduct heat sink and stabilization of temperature of the liquid or gase-

ous heat carrier. Framework this paper for the transport of heat carrier, we consider a cylindrical transportation system (a
frequent example of such a system is a pipe) with a circular section (see Fig. 1). This pipe has a metal section with known
dimension, having a porous metal inside. This section maintains a stable temperature (for example, the section in question is
in a stream of water with a given temperature). The main aim of this paper is estimation of distribution of temperature of the
heat carrier. The accompanying aim of this work are the creation of a model that allows an assessment of a given tempera-
ture field and the formation of an analytical approach to analyze of the considered distribution of temperature.
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Fig. 1. Structure of the Considered Pipe is L (Axial Coordinate ze[0, L]) with Radius R. This tube has a Section ze[a,b]

1. METHOD OF SOLUTION

To solve our aims we calculate distribution of the considered temperature in space and time. The required distribution of
temperature has been calculated by solving of the following boundary value problem [1][5][6]

CM: div{A-grad[T (r,¢,z,t)] —v(r,¢,z,t) ¢ T (r,¢,zt) - C}+

+P (T",Z, tj, (1)

where r, ¢, z and t are the current cylindrical coordinates and time (re[0,R], ¢<[0, 2], ze[0,L]); function T (r,¢,z,t) is the
distribution of temperature in space and time; c is the system heat capacity; C is the concentration of the transported sub-
stance in the pipeline; A is the coefficient of thermal conductivity; p (r,z,t) is the density of the power generated in the con-

sidered system; V is the velocity of heat carrier described by the Navier-Stokes equation

aﬁ+(* V) v F’(P)+ A
— v v=-—-F|= vAw
at C : )
where P is the pressure in pipe; vis the kinematics viscosity. Boundary and initial conditions
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where o =5,67-10% W-m2K*; the boundary conditions on the metal section could be transferred to a separate term in the
form of power density to the equation (1) p (r,z,t)/c =Twesign ([z-b+a]/L)s ((r-R)/L)/ 9, where § is the time scale for achieve-
ment of stationary temperature distribution. This time scale has been calculated by using previously introduced approach
[2]1[3][4] and takes the following value ¢ =Alcz R2L. In a cylindrical coordinate system, the equations for the velocity pro-
jections takes the form
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Due to the symmetry of the system, to describe the velocity field, it suffices to consider only the axial velocity component,
i.e. v;.. To solve the equation (4c¢) we transform it to the following integral form

vz(z,t):vz(z,t)jLiz{Voz2 —ﬁvf(u,r)d ud r—ﬁEd udz—[(z-u)v,(ut)du+
L 00 OOC 0

L
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z
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To solve the Eq. (4d) we use the method of averaging functional corrections [3,4]. In the framework of the method to de-
termine the first-order approximation of the projection of the velocity v; on shall to replace it in the right-hand side of equa-
tion (4d) on not yet known average value v,— a1,. After this replacement one can obtain relation for the first-order approxi-
mation of the considered component in the following form

Vlz (Z’t): alz +

The not yet known average value a1, was determined by using the following standard relation

all_zz (zL+2vt- zz)+%{voz2 —vVit—zV, L’ —(1—E)iigd ud T}- ()
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where @ is the continues of monitoring of transport of heat carrier. Substitution of relation (5) into relation (6) gives a pos-
sibility to obtain relation for the required average value a;; in the following form
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The second-order approximation of the velocity projection could be obtained by replacing the required projection on the
right-hand side of equation (4d) on the following sum v;— a2, +Vv1,. The considered approximation could be written as
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We determine average value a»; by the following standard relation
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Substitution of the first- and the second-order approximations of the considered velocity projection into relation (9) gives a
possibility to obtain the required average value a; in the following form
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In this section the projection of the heat carrier velocity v, was calculated as the second-order approximation in the frame-
work of the method of averaging functional corrections. Usually the second-order approximation is sufficient to make a qual-
itative analysis of the solution obtained and to obtained some quantitative estimates. Next, we write equation (1) in a cylin-
drical coordinate system

CﬁT(r’th)ZEE{MM},Q{ZM}F p(r,z,t)+ @
ot ror or 01 0z
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After that we transform the above equation to the following integro-differential form
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To calculate distribution of temperature in space and time we again used the same method of averaging functional correc-
tions. To calculate the first-order approximation of the required function we replace it with an as yet unknown mean value
aqt in the right side of Eq. (12). Using the above algorithm we obtain the relation for the first-order approximation of tem-
perature in the following form

T, (r, z,t):%i p(r,z,7)d r—alTC%ivz(z,r) dr+T,. (13)

Now let us calculate the not yet known average value of the first-order approximation of the required function by using the
following relation

OR L
ar = ot [{r]T(r,z,t)d zd rdt. (14)
®R"L oo o
Substitution of the first-order approximation of temperature (13) into the relation (14) leads to the following result
2
a O-t)[r[p(r,z,t)dzdrdt+T,. 15
. @RLI( )Hp( ) (15)

We calculate the second-order approximation by using the standard procedure of method of averaging of function correc-
tions [3,4], i.e. by replacement of the required function in the right side of Eq. (12) on the following sum: T— ot +T1. In this
case the second-order approximation of the required function could be written as

Tz(r,z,t):ii rjﬂwdr 1o jﬂwdr +1jp(r,z,r)dr—
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We calculate the average value of the second-order approximation of temperature of heat carrier azr by using the following
standard relation [3,4]

2 L( ~T,)dzdrd
a r zdradt. (17)
T OR? L({g(j) .

Substitution of the first- and the second-order approximations of temperature into the relation (17) gives a possibility to ob-

tain relation for the required average value in the following form

2
Oy = ————
2T @RZLCJ'(

Analysis of the distribution of temperature in space and
time has been done analytically by using the second-order
approximation using the method of averaging functional
corrections. The approximation is usually sufficient to ob-
tain a qualitative analysis and to obtain some quantitative
results. The results of analytical calculations were verified
by comparing them with the results of numerical simulation.

1. DISCUSSION

In this section we analyzed temperature field in the system
heat carrier - transportation system. Figures 2-4 show de-
pendence of the temperature of the heat carrier on axial co-
ordinate at different values of width of section in the trans-
portation system, velocity of inlet flow of heat carrier, moni-
toring time on flow of heat carrier.
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Fig. 2a. Dependences of Temperature of Heat Carrier on
the Axial Coordinate at Several Values of Width of Sec-
tion. Increasing of Number of the Curves Corresponds to
Increasing of the Considered width Under Condition:
Temperature of Wall of Transportation System is Larg-
er, than the Heat Carrier Temperature
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Fig. 2b. Dependences of Temperature of Heat Carrier on
the Axial Coordinate at Several Values of Width of Sec-
tion. Increasing of Number of the Curves Corresponds to
Increasing of the Considered width Under Condition:
Temperature of Wall of Transportation System is Small-
er, than the Heat Carrier Temperature
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Fig. 3a. Dependences of Temperature of Heat Carrier on

the Axial Coordinate at Several Values of Velocity of
Inlet Flow of Heat Carrier. Increasing of Number of the

Curves Corresponds to Increasing of the Considered

Velocity Under Condition: Temperature of Wall of
Transportation System is Larger, than the Heat Carrier
Temperature
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Fig. 3b. Dependences of Temperature of Heat Carrier on
the Axial Coordinate at Several Values of Velocity of
Inlet Flow of Heat Carrier. Increasing of Number of the
Curves Corresponds to Increasing of the Considered
Velocity Under Condition: Temperature of Wall of
Transportation System is Smaller, than the Heat Carrier
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Fig. 4a. Dependences of Temperature of Heat Carrier on
the Axial Coordinate at Several Values of Monitoring
Time on Flow of Heat Carrier (at T <). Increasing of

Number of the Curves Corresponds to Increasing of the
Considered Velocity Under Condition: Temperature of

Wall of Transportation System is Larger, than the Heat

Carrier Temperature
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Fig. 4b. Dependences of Temperature of Heat Carrier on
the Axial Coordinate at Several Values of Monitoring
Time on Flow of Heat Carrier (at t <9). Increasing of
Number of the Curves Corresponds to Increasing of the
Considered Velocity Under Condition: Temperature of
Wall of Transportation System is Smaller, than the Heat
Carrier Temperature

Retrieval Number:100.1/ijam.B117104021024
DOI: 10.54105/ijam.B1171.04021024
Journal Website: www.ijam.latticescipub.com

V. CONCLUSION

In this paper we introduce an approach to control of tem-
perature in the system heat carrier - transportation system
due to local heating or cooling. We introduced a model with
account forced convection and possible variation of several
parameters of the considered system. Also we consider an
analytical approach for analysis of mass and heat transport
with account possible variation of several parameters of the
above system.
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