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A SIMPLE CONTINUOUS-FLOW CALORIMETER FOR MEASURING THE SPECIFIC

HEAT OF GASES
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A bridge-type arrangement of a capillary continuous-flow calorimeter
for measurement of the specific heat of gases at constant pressure is
described. The method of the experiment is analyzed. The construc-
tion of the calorimeter and the results of tests of its operation are de-
scribed.

It was suggested in [1, 2] that the relationship be-
tween the temperature distribution along a thin-walled
tube heated by an electric current, and the specific
heat of the gas flowing through it could be used to mea-
sure the specific heat of gases at constant pressure.
The practical realization of this method, however, en-
tails several difficulties (precise thermostatic control
of the ends of the measuring tube, measurement of
very small temperaturedifferences), which complicate
the apparatus and reduce the accuracy of measurement.

To overcome these difficulties we suggest that the
measuring tubes should be incorporated in an electric
bridge, as shown in Fig. 1. Two thin-walled metal
tubes 1, soldered in parallel {nto conductors 3 and
heated by an electric current, together with the mea-
suring wires 2 form an electric bridge. When there
is no flow of gas the temperature distribution along
the tubes is symmetrical and the bridge is balanced.
Gas flowing through the tubes in opposite directions
upsets the symmetry of the temperature distributions
and, hence, alters the electric resistance in the bridge
arms. In the measuring diagonal of the bridge there
appears a voltage which depends on the specific heat
of the gas at constant pressure and its mass flow rate.
The inevitable small fluctuations in the ambient tem -
perature and the temperature of the ends of the mea-
suring tubes have no effect on the results of the mea-
surement, since the changes produced inthe resistances
in the bridge arms by these fluetuations cancel one
another out.

Neglecting longitudinal flow of heat in the gas, which
is not more than 0.1-0.2% of the heat flow through the
walls of the measuring tubes, we can represent the
temperature distribution along an elecirically heated
tube when heat transfer with the surrounding medium
occurs and gas flows through it by a system of dimen-
sionless heat-balance equations:

&9,
i —L,8,—L;(0y—0,) + L, =0,
Pe d; -
o —0, — L9 =0, 1
W B 4Nu 1 ¢ @

where X = x/] isthedimensionless coordinate; & ¢(X) =
= (ty — t;)/@; and IglX) = (tg — t))/®, are the dimen-
sionless temperatures of the tube wall and gas;
o — IRo(1+B1)
0 - '—-——_—h—Y
a,xd,—Pp IR,

[ _ _4@nd,—BIR)

(3 2
nxw[(ﬂj —1
d |

L/

o
di / y

4o, d,;

L

i (3

are dimensionless coefficients.

In the case of low heating (t — t; ~ 1° C) the physi-
cal properties of the tube material and the investigated
gas can be regarded as independent of X. At low gas
flow rates [Pe(d;j/l) = (4GCp/7lAg) < 1] the length of
the entry region for stabilization of «j is very small—
less than 0.1 mm [4, 5].

Hence, «; can be regarded as independent of X and
the dimensionless heat transfer coefficient Nu in (1) as
independent of the kind of gas[4]. In this case, eliminat-
ing &g from (1), we obtain a third-order equation
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the solution of which for boundary conditions
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has the form
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where Cy are dimensionless solution coefficients
determined from the boundary conditions vy = fic (Li,
Le, (Pe/4Nu)(di /1)) are the roots of the characteristic
equation
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The relative unbalance of the bridge depends on the
change in resistance in its arms:
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Fig. 1. Calorimeter circuit: A) ammeter; Ry))
standard resistance coil; Ry)) ballast resistor;
PMS-48) dc potentiometer.
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Fig, 2. Construction of calorimeter: 1) nickel tubes, cross section 1 X 0,05 mm,
! = 100 mm; 2) nickel wires, diameter 0.1 mm; 3) mica spacers; 4) nickel rein-
forcing plate; 5) nickel current conductors; 6) thermostat units.
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Fig. 3. Specific heat Cp, (J/g - deg) of air and carbon
dioxide: a) measured values for air; b) the same for
carbon dioxide; ¢) from data of [3].
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Eliminating ®; and integrating, we obtain
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For low gas flow rates we can expand the right side of
(3) in a series of powers of the small parameter (Pe/
/4Nu){di/l) < 1 and obtain a relationship between the
relative unbalance of the bridge and GCp in explicit
form
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The value of the discarded terms in (4) for
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is in bundredths of one perecent of the first term. Con-
dition (8) gives the permissible flow rates when (4) is
used for calculation of specific heat.

To test the method we constructed a calorimeter,
the design and main dimensions of which are shown
in Fig. 2, and made measurements of the specific heat
of air and carbon dioxide at atmospheric pressure in
the temperature range 20-350° C.

To determine the specific heat we measured the
relative unbalance of the bridge for several flow rates
of the investigated gas, at constant tyand I. The gas
flow rate was measured from the pressure drop on a
capiliary tube of diamefer 0.4 mm and length 200 mm.
The specific heat of the gas was calculated from the
formula
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The constant A, as expression (3) shows, depends
only on the physical properties of the calorimeter tube
material and quantities characterizing the heat ex-
change with the surroundings. Since these values are
not known sufficiently accurately, the constant of the
prebaked ealorimeter and its temperature dependence
were determined from calibration experiments with
argon.
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The resulis of measurements of the specific heat
of air and carbon dioxide are shown in Fig. 3. The
deviation of the experimental points from the mean
value (dashed line) does not exceed 0.1%. The systematic
deviation of the measured specific heats from published
data (0.5% for air and 0.9% for carbon dicxide} is due
mainly to the systematic error in measurements of the
flow rate.

The results of the experimental tests and experience
in operating the calorimeter indicate that the incorpora-
tion of the experimental tubes in an electric bridge
increages the accuracy of the method and greatly fa-
cilitates its practical application. The calorimeter is
small, simple in design, and can be used for measure-
ment of the specific heat of gases with sufficient ac-
curacy for many cases.

NOTATION

X is the coordinate along tube; ty is the tube tem-~
perature; tg is the gas temperature; t; is the ambient
temperature; G is the gas flow rate, g/sec; Cp is the
specific heat of gas at constant pressure, J/g-deg;
pg is the gas density, g/m?’; de and dj are the external
and internal diameters of tube, m; ] is the tube length,
m; B is the temperature coefficient of electrical re-
sistance of tube material, 1/deg; R, is the resistivity
of tube at 0° C, ohm/m; R(ty) is the same at tw° C;

Aw and Ag are the thermal conductivities of tube
material and gas, W/m -deg; E and U are the voltage
in supply and measuring diagonals of bridge, V;1is
the current through tube, amp; @g and «; are the coef-
ficients of heat transfer from tube surface and to gas
flow, W/m? - deg; Nu = a;dj/Ag is the limiting value

of Nusselt number forlamipar flow [4]; Peis the Peclet
number.
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