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INVESTIGATION OF THE HEAT TRANSFER IN THE
INTERTUBE SPACE OF HEAT-EXCHANGE APPARATUS
BY THE METHOD OF ANALOGY WITH MASS TRANSFER

G. A. Aksel'rud and G. E, Pushistov UDC 66.015.24+66.015.23+621.565.94

In heat~transfer investigations in the intertube space of heat exchangers, the heat-transfer coefficient
has so far only been determined for a tubular beam. For a deeper study of this process, it is necessary to de-
termine the distribution of o over the length of each tube of the beam.

In this paper it is suggested that a representation of this distribution can be obtained by investigating the
mass transfer in the intertube space of a model of the heat exchanger using the analogy between the heat-
transfer and mass~transfer processes.

A quantitative relation between the heat-transfer and mass-transfer coefficients has been established in
the case of the transverse flow of a liquid around a single cylinder [1],

In this paper the results of an investigation of the mass transfer in the intertube space of a model — an
analog of the heat-exchange apparatus without transverse partitions — are presented. The data given in {2]
were used to determine the geometrical dimensions. The tubes in the model are replaced by rods each of
which is in the form of a set of 30 test cylinders. The mass transfer was investigated under steady-state con~
ditions of the motion of the liquid in the range of Reynolds numbers Re = 5500-17,000.

Figure 1 shows the distribution of the mass-transfer coefficient k over the length of each rod of the
beam. :

The criterial equations which describe the mass transfer of each rod of the beam were obtained. For the
mass~transfer process of the whole beam of rods in the flow of liquid the equation has the form
Nup,=0.238Rey ®?Pry*.

The part played by each individual rod in the mass-transfer process of the beam was determined. Experi~
mental investigations were made of the heat transfer in the intertube space of a heat exchanger of the same
geometrical dimensions, which confirmed the previously obtained relation between o and k.

The proposed method enables a more detailed investigation to be made of the heat transfer in the inter~
tube space of a heat exchanger.
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Fig. 1. Distribution of the mass~transfer coefficient
k over the length of each rod of the beam: a) rod No.
1; b) No. 2; ¢) No. 3; d) No. 4, 5; e} No. 6; f} No. 7,
8. k-10%, m/sec. '
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The experimental investigations made using this method of analogy show that the actual values of o con-
siderably exceed the values obtained from the criterial equations,
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DETERMINATION OF THE ACCOMMODATION
COEFFICIENT OF THE ENERGY OF IONS
USING A THERMOANEMOMETER PROBE

B. A. Shuvalov UDC 533.932

Thermoanemometer probes have been successfully used for the diagnostics of a partially ionized gas.
Their use enables one to determine the temperature of the electrons and neutral particles, the concentration
of charged and neutral particles, and the potential of a plasma. Under certain conditions thermoanemometer
probes can be employed to measure the accommodation coefficients of the energy of ions in the material of the
working surface of the probe.

The energy-balance equation for a thermoanemometer probe has the form

° 4 a aT
Qn--Qat- J—AsoT', — E(—AKw-é;w) o,

/

where for V > 0

Qu=0Q= % (x-+-WetelVI),
and for V<0

Q=0= % (&t (W, el V) —7¥ix]

and for intermediate potentials V < 0 Qq = Qj + Qg. Here Qp ¢ is the amount of heat given to the probe by
the neutral and charged particles; & = h; — %, differencebetween theionization energy and the work function;
W, energy of a particle transferred to the plasma-layer surface of separation; J, electric heating energy;
vj» secondary-emission factor; A, area of the working surface of the probe.

In the course of the experiment when working with the thermoanemometer probes, two characteristics
are simultaneously plotted: Ty = Ty, (V) — the temperature characteristic and Iy =I5(V) —theprobe charac- -
teristic. On the temperature characteristic there are always points with different temperatures for different
potentials of the probe 'I“‘%,(VA <0) = Tv% (VB > 0). From the energy-balance equation for these points, we ob~
tain i = Qg or

s 3 B
— [ (WiteVA D) — vl = —— (et We +aVi)-

This relation enables one to determine the accommodation coefficient of the energy of the ions a; in the ma-
terial of the working surface of the thermoanemometer probe.

Experimental investigations were made on 2 gasdynamic plasma arrangement in a flow of rarefied
plasma generated by a gas-discharge source. Nitrogen and argon of high purity were used as the working
gases. The accelerated beam of ions of intensity jo =~ 10'%-107 jons/cm?- sec was admitted into the working
chamber, the residual gas pressure in which was ~7-10" " —10"% torr. The measurements were made over a
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wide range of ion velocities (Ux = 6.5-25 km/sec) for a pressure in the working chamber of ~1.5-107% torr.

In the measurements we used a plane thermoanemometer probe in the form of a molybdenum disk 6 =
0.12 mm with a working surface of diameter 3.5 mm, to the rear side of which current-conducting elements
and a thermocouple were connected.

The results of the measurements are shown in the figure. Curve 1 shows the values of ®j of Ar” ions
and curve 2 shows this coefficient for N; ions. The temperature of the probe surface when measuring oj was
Tw = 304~312°K. It should be noted that when determining aj the points on the curve Ty = Ty (V) were
chosen to be such that e {V | « Wi The results of the measurements are in satisfactory agreement with the
values aj = 0.75 + 0.05 and aj = 0.81, and 0.84 for Ar* ions with energies Wj = 21~141 eV on Mo obtained
in [1, 2], and the calculated values aj = 0,682 for N} ions for W; = 14.5 eV on Mo [3].
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CALCULATION OF THE STATIC AND DYNAMIC
CHARACTERISTICS OF A HEAT EXCHANGER
OF FRIABLE MATERIAL

N. A. Gor'kova, M. Kh. Dorri, UDC 621.3.078.3
and 1. I. Slivinskaya

The main feature of the heat exchanger considered is the fact that the time that the solid and gas heat
carriers remain in the apparatus differ by a factor of several hundred. The data available in the literature on
mathematical models of heat exchangers ignore this feature which makes it difficult to use them.

Equations describing the cooling of carbon by a gas heat carrier are obtained by considering the thermal
balance on an element of length of the heat exchanger taking into account the change with time of the amount of
heat in this element. We used an approximation of the mean temperature and its derivatives in the form ty, =

“tin +tout/2, dtm/d:r = dtoyt/dT, which gives the best qualitative description of the process at the initial in-
stant of time after a sudden perturbation is applied.

To change from the differential equations in partial derivatives to the usual equations, the heat ex-
changer was represented in the form of a number of series~connected heat exchangers, i.e., it was divided
into several zones with a linear change in the temperature along the length of each zone. As the number of
zones is increased the accuracy of the approximation increases, but the number of differential equations also
increases, which complicates the problem. When solving a system of differential equations with time con~
stants differing by a factor of hundreds, using a standard Runge ~Kutta program, in order fo obtain stability it
is necessary to choose an extremely small integration step, which involves considerable computation time. To
economize on computation time a special procedure of separating the system of equations into algebraic and
differential parts is employed.

When investigating the dynamics of a heat exchanger we calculated the transients when there were sud-
den perturbations in temperature and the flow rate of the solid and gaseous heat carriers. Along the channel
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the temperature of the solid heat carrier at the input — the temperature of the solid heat carrier at the output
of the heat exchanger is approximated by series-connected aperiodic sections, or, to a first approximation, it
can be represented by 2 first-order aperiodic section and a pure delay section. Similar considerations hold
for the temperature of the solid carrier at the input and the temperature of the gaseous heat carrier at the
output for the channel. For the channel the temperature of the heat carrier at the input and the temperature

of the heat carrier at the output of the heat exchanger can be approximated by two parallel-connected sections,
one of which is a first-order aperiodic section and the second is an amplifier. Since the flow rate of the car~
bon and the heat carrier occur in the set of differential equations in the form of a complex fumction the transi-
ents in the flow rate are calculated for different perturbation levels.

Hence, a heat exchanger with a very different time in which the solid and gaseous heat carriers remain
in the system is a quite complex object from the point of view of automatic control. The mathematical rela-
tions given can be used for numerical calculations of such systems. The mathematical model obtained should
serve as a basis for designing systems for the automatic control of the temperature of the solid heat carrier.

- Article deposited at the All~-Union Institute of Scientific—Technical Information, Reg. No. 3261-78 Dep.
{Original article submitted December 31, 1976; abstract submitted February 27, 1978).

ANALOGY BETWEEN SEMICONDUCTOR
- THERMISTORS AND A TRANSVERSELY
BLOWN ELECTRIC ARC

A. 8., Sergienko UDC 533.9.082.15

To simulate the processes taking place in electric arcs and to design the appropriate electric circuits,
an analogy can be drawn between semiconductor thermistors and the electric arc. Despite the difference be-
tween the external and internal accompanying physicochemical processes, the basis for considering these
thermistors from a single position is the dependence of their static resistance R on the temperature,

We choose as the object of comparison a gas electric arc [1, 2], which burns under conditions of gas~
vortex (air) spatial stabilization in the discharge chamber of a coaxial circuit (dy = 3-107%2m, I, = 1.2-1071
m, dj = 1.6°107% m, and I = 5-10"2 m), and as the solid semiconductor types KMT-1 (Rpy = 102.8 kQ, B =
4225°K, T = 20-80°C) [3], KMT-14 (Rp = 71 k@) [4], and MT-57 (T = 60°C, Tc = 21.2°C, W = 6 m " sec”,
and Rg = 1.75 kQ). [3].

The qualitative and quantitative comparative analysis carried out on establishing an analogy between
semiconductor thermistors and the transversely blows dc electric arc enables us fo state the similarity with
respect to the following criteria: 1) the current—voltage characteristic (R < 0, 2) the electric~circuit equa~
tion (Kirchhoff's second law), and the stability condition (Kaufman*s criterion), 3) the range of working modes
of operation (boundaries), 4) the circuit supply coefficient (’y Z 0), 5) the convective sensitivity coefficient of
R (v > 0), 6) the temperature sensitivity coefficient of R (AB3q = ABT), 7) the power sensitivity coefficient of
R (m < 0),
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TEMPERATURE FIELD OF A THIN SHELL WITH
AN OPENING IN CONVECTIVE HEAT EXCHANGE

A, P. Matkovskii and T. A. Nemanezhina UDC 536.21

Using the heat-conduction equation of thin shells, the nonstationary temperature field of a shell with a
circular opening is determined under convective heat-exchange conditions with an external medium, whose
temperature is a function of the coordinates and time. Boundary conditions of the first, second, or third kind
are specified on the contour of the opening. In the neighborhood of the opening the assumptions of the theory
of flat shells are used, viz., that the middle surface of the shell possesses a metric of Euclidean geometry
while the principal curvatures are constant.

The problem reduces to solving an equation of the form
aF
TS 5 2 R
AF—p2F e g

with the corresponding boundary conditions. Here pu is a certain constant, the function g is expressed in
terms of the temperature of the medium #c) around the surface of the shell, A is the Laplace operator, and
7 is the dimensionless time.

The solution of this problem was found using the Fourier method of separation of the variables and the
Laplace integral transform. Equations are also presented for the approximate calculation of the temperature
field obtained using the asymptotic representation of the Macdonald functions.

A special case is considered in which the temperature of the external medium depends only on time, and
the initial temperature of the shell t; is constant.
Results of calculations of the integral temperature characteristic T; when t{e) = cos wr, tp= 0 are

presented. In this case convective heat exchange with the medium whose temperature is zero occurs on the
contour of the opening. The figure shows values of T, on the contour of the opening for w = 7/12.

7

N\ Fig. 1. Dependence of the integral temper-
/\‘ \// ature characteristic T, on the time T, for
% Z different values of Bi — the relative heat-
\ 7 L4 transfer coefficient from the contour of the
P - opening: 1) Bi = 0 (the opening is thermally
\ ] isolated and has no effect on the tempera-
\ ture field of the shell); 2, 3, 4) Bi = 6.7, 67,
-g5 \\ <] and «, respectively. The dashed curve is
: \ y the temperature of the medium on the sur-
i \ P faces of the shell.
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GENERALIZED NONAXISYMMETRICAL PLANE
TEMPERATURE FIELDS IN AN INFINITELY
LONG CONTINUOU.S ORTHOTROPIC CYLINDER
IN THE CASE OF RANDOM ACTIONS

N. B. Karavanova and M. P. Lenyuk UDC 536.21

The problem of constructing an axisymmetrical stochastic plane temperature field in an infinitely long
uniform orthotropic continuous cylinder of radius R, under convective heat-exchange conditions obeying New-
ton's law with the surrounding medium, the temperature of which is a random function of time leads to inte-
gration in the region D = {(r, ¢,t),0=<r <R,0=<¢ <2r,0 <t <t; = +»} of the equation

1 oT aT [ ®T 1 9T A T
- Ly —_ £, 1)
o o Tt [arﬁ T TR o ] it 2. @ (

r

with the initial and boundary conditions

ar
T‘ = l(r’(p)’a_t =P (rs 9),
ta=0 =0
F) ) 2)
[—"' —-ﬁlh(l'i‘rrﬁz——)] T =1 (¢ ‘P),
ar ot
r=R
aT kT kT
—_— = ——(t, r, @} 20)=—% ({£, 1, ), k=0,1.
ar Lo o (O o PI= 1 @)

Here f and p are stationary random functions of time (stationary in the wide sense) [1]. The remaining quan-
tities are the generally accepted ones [2, 3J].

The basis for obtaining the structure of the stochastic temperature field in D is the deterministic solu-
tion of problem (1)-(2) constructed by the Laplace integral transform method L and by the method of the finite
Fourier integral transform Fy, introduced by the authors.

As an example, we present the correlation functions and power of the temperature fields for the most
important random processes from a practical point of view (the correlatmn functions Kf = 6(ty —t;) and

Kg=exp{—x|t— t;|}.

By combinations of the limiting ratios of the parameters wy, by, h, 84, B3 We obtain the fundamental
characteristics of both pure wave and parabolic stochastic temperature f1e1ds for one of three types of bound-
ary conditions.
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