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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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1. INTRODUCTION

In a several technical equipment it is necessary to conduct heat sink and stabilization of
temperature of the liquid or gaseous 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 guestion 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 temperature 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]
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2. 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]

c%ﬁp’z’t)zdiv{i- grad[T (r,@,z,t)]-V(r,@,2,t)-c-T(r,p,2,t)-C }+ p(r,z,1), (1)
where r, ¢, z and t are the current cylindrical coordinates and time (re[0,R], ¢<[0,27], z€[O,L]);
function T (r,pz,t) is the distribution of temperature in space and time; c is the system heat
capacity; C is the concentration of the transported substance in the pipeline; A is the coefficient of
thermal conductivity; p (r,zt) is the density of the power generated in the considered system; V
is the velocity of heat carrier described by the Navier-Stokes equation

?_‘Z+(\7.v)\7=_v(gJ+vA\7, (2)

where P is the pressure in pipe; v is the kinematics viscosity. Boundary and initial conditions
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where ¢ =5,67-10® W-m?.K*: 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 =Tpesign ([z-b+a]/L)5s
((r-R)/L)/ 9, where & is the time scale for achievement of stationary temperature distribution. This
time scale has been calculated by using previously introduced approach [2] and takes the
following value ¢ =A/cz R2L. In a cylindrical coordinate system, the equations for the velocity
projections takes the form

2 2
ov, V{l d {ravr(r,@z,t)}%a vr(r,(p,z,t)+6 v,(r,go,z,t)}_

ot ror or r 00 07’
v, OV
-V, é)Vr __? ? -0, é)VZ _i(ij (43_)
ar r Jde dr o0r\C

ot |ror or

ov, {1i{r8vw(r,gp,z,t)}

+i82v¢(r,¢,z,t)+82v¢(r,¢,z,t) ~
r o9’ 0z?
ov, v,V ov

r 14

AL R 2—13[3] (4b)
ar r Jdo adz rop\C

24



International Journal of Modelling, Simulation and Applications (IJMSA) Vol.5, No.3

2 2
oV, {li{ravz(r,(p,z,t)}rié vz(r,go,z,t)+a vz(r,qo,z,t)}_

ot |ror aor 2 0¢? 072

vV OV
-V, Ne Yo TV -V, o, —i(ij (4c)
or r Jdo oz 0z\C

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)zvz(z,t)ﬁtiz{voz2 —va(u,r)dudz-—jfid udz—f(z—u)v,(ut) du—vV,t+
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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 determine the first-order approximation of the projection of the
velocity v, on shall to replace it in the right-hand side of equation (4d) on not yet known average
value v;— a1,. After this replacement one can obtain relation for the first-order approximation of
the considered component in the following form

a, 1 z 2P
v, (z,t)=a, +2—|1_2(z L+2vt—22)+ F{Voz2 A ASAA K _[1_E]£06d ud r} . (5)
The not yet known average value a1, was determined by using the following standard relation
L ¥ty dzdt (6)
a,=—/[[v dzdt,
el ig .

where © is the continues of monitoring of transport of heat carrier. Substitution of relation (5)
into relation (6) gives a possibility to obtain relation for the required average value «i; 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,— o2 +V1,. The
considered approximation could be written as
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We determine average value oz, by the following standard relation

1
o, =—

oL (v,, v, )d zdt. (9)
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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

a,, = az s
where a, = I(z jdzdt a = 2](@ t)j[z—%jvu(z,t)dzdt+L%(%+®vj,aoz—vx
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In this section the projection of the heat carrier velocity v, was calculated as the second-order
approximation in the framework of the method of averaging functional corrections. Usually the
second-order approximation is sufficient to make a qualitative analysis of the solution obtained
and to obtained some quantitative estimates. Next, we write equation (1) in a cylindrical
coordinate system

(T80 10, oTleat], 2,078 (oM TlL)

ot ror or 0z 0z or
—¢-C ov, (Z’th (r,z,t)+ p(r,zt). (11)
z

After that we transform the above equation to the following integro-differential form

1 0] v oT(rz7) 10t aT(rz7) 1t
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—C%ivz(z,r)-T(r,z,z—) dr— C%ivz(z,r)-T(r,z,r) dr. (12)

To calculate distribution of temperature in space and time we again used the same method of
averaging functional corrections. To calculate the first-order approximation of the required
function we replace it with an as yet unknown mean value a7 in the right side of Eg. (12). Using
the above algorithm we obtain the relation for the first-order approximation of temperature in the
following form
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Now let us calculate the not yet known average value of the first-order approximation of the
required function by using the following relation
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Substitution of the first-order approximation of temperature (13) into the relation (14) leads to the
following result

ay =2 _f©-t)]rip(r.zt)dzdrdt +T,. (15)
COR’L o 00

We calculate the second-order approximation by using the standard procedure of method of
averaging of function corrections [3,4], i.e. by replacement of the required function in the right
side of Eq. (12) on the following sum: T— 1 +T1. In this case the second-order approximation of
the required function could be written as

1 o v, 0Tlrz 10|t 0TI,z 1t
Tz(r,z,t)zf—|:r£ll(6—rr)dT:|+EE|:£A%(1T:|+E£p(r,Z,T)dT+TO—

—C—rjvZ (Z,r)[aZT +T1(l‘, Z,z')]d T —C%}VZ (Z,z’)[aZT +Tl(r, Z,r)]d T. (16)

We calculate the average value of the second-order approximation of temperature of heat carrier
o by using the following standard relation [3,4]
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Substitution of the first- and the second-order approximations of temperature into the relation
(17) gives a possibility to obtain relation for the required average value in the following form

=®R22LC(§(®—t)Erzﬂ%d zdrdt. (18)

aZT

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 obtain 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.

3. DISCUSSION

In this section we analyzed temperature field in the system heat carrier - transportation system.
Figures 2-4 show dependence of the temperature of the heat carrier on axial coordinate at
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different values of width of section in the transportation system, velocity of inlet flow of heat
carrier, monitoring 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
section. Increasing of number of the curves corresponds to increasing of the considered width under
condition: temperature of wall of transportation system is larger, 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
section. Increasing of number of the curves corresponds to increasing of the considered width under
condition: temperature of wall of transportation system is smaller, 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
temperature
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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 <9). 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

4. CONCLUSIONS

In this paper we introduce an approach to control of temperature 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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