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The velocity of the dilatometric method of measuring the heat transfer coefficient for cylin-
drical surfaces in a transverse stream of liquid is confirmed theoretically.

Several fundamental premises in [1] do not seem adequately justified in physical terms. Specifically,
one of the fundamental premises the practical validity of which is still much debated (especially in dilato-
metric studies of the heat transfer processes in liquids) is the absence of radial temperature gradients in
standard (metallic) cylindrical specimens (an absence of axial temperature gradients is easily attained by
extremely fast heating of specimens with electric current passing directly through the specimens and by
making the measurements immediately after the electric heating current has been turned on, i.e., when
the axial temperature gradients produced by contactive heat transfer through the end surfaces of a cylinder
with a length~to-radius ratio I/R = 2-3 appear only across small segments adjoining these end surfaces).

Nevertheless, as this feasibility study of dilatometry based on certain theorems of thermoelasticity
will show, all mathematical relations derived in [1] are fully applicable also when the necessary condition
for heat transfer between the lateral surface of a cylinder and a surrounding liquid is the presence of
radial temperature gradients inside a standard specimen.

One of the most important relations used in our analysis is the well-known theorem of thermoelas-
ticity [2]:

R
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defining the absolute thermal deformation U; of segment [ of an infinitely long cylinder inside which there
prevails an axially symmetrical temperature field T(r); the cylinder material is assumed isotropic, which
makes coefficient 8 also an isotropic quantity.

It must be noted that even for infinitely long cylinders Eq. (1) is valid only if the temperature field
in the cylinder is maintained axially symmetrical and not a function of the axial coordinate. As has heen
emphasized already, each of these requirements is satisfied for a sufficiently long specimen of the appro-
priate shape (a II-shape, for example, where throughout the rather lengthy test duration there appear no
axial gradients and dilatometric probes record only changes in the length of the top beam of the M-speci-
men; in practice axial temperature gradients vanish immediately after the electric heating current has
been turned off).

The rate at which one end surface of a cylinder is displaced (e.g., the x =1 end assumed uncon-
strained in space) with the other end x = 0 fixed is easily determined by differentiating Eq. (1) with respect
to time:
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W: - —2(3—~S\———rdr (2)

The value of 8T/dt inside the cylinder can be found from the equation of heat conduction in eylindrical co-
ordinates with an axially symmetrical temperature field [3}:
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Inserting this expression for 8T /8t from Egq. (3) into Eq. (2) and then integrating (2), we obtain

A
Ra

Considering that at the lateral cylinder surface there occurs heat transfer with the surrounding medium
(whose temperature T, is assumed counstant) according to the law

W

(R ). (4

A LR, =0 (T =T, (5)
or

we will obtain for the linear expansion rate W at that instant of time

W=2a !

o.R B(TW—T,)- (6)
If W is measured immediately after the electric heating current has been turned on (at that instant there is
contact established between the lateral cylinder surface and the liquid), then the temperature at all points
inside the specimen will still be equal to the surface temperature T(t) and, therefore, the product of the
two last factors on the right-hand side of Eq. (6) represents exactly the ultimate relative change of the
cylinder dimensions from the time when the electric heating current has begun to flow till the end of the
thermal expansion process with the entire specimen at temperature T, of the liquid.

In this way,
Al
B(TO)—T:) =7 (")
In view of equality (7), it becomes worthwhile to rewrite expression (6) as
W 2aAl . (8)
Re,
From relation (8) follows directly the expression for calculating the heat transfer coefficient a:
Rc
2Al ®

which is almost the same as the analogous formula in [1].

It is to be noted, in conclusion, that the relations derived in [1] are fully applicable also to calcula-
tions of heat transfer in liquids, and it is required only that the linear expansion rate W be measured im-
mediately after the electric heating current has been turned on, i.e., at the instant when contact between
the specimen and the surrounding medium is established. )

NOTATION

is the specific heat of the specimen material;

is the absolute thermal linear expansion of the cylindrical specimen segment;
is the radius of the cylindrical specimen;

is the temperature, °K;

is the specimen length;

is the heat transfer coefficient;

is the thermal conductivity;

is the thermal linear expansivity;

is the radius, in cylindrical coordinates;

is the axial distance, in cylindrical coordinates;
is the rate of linear expansion.
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