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5. PERFORMANCE

A brief account of the performance of the calorimeter in actual
service may be of some interest. The series of measurements which
were made on ammonia vapor furnished an excellent opportunity
for learning the characteristics of the instrument in respect to con-
venience of operation, dependability, reproducibility of observations,
and reliability of results.

When the completed calorimeter had been assembled, the first try
out was made, using air. This preliminary work included a tenta-
tive calibration of the thermometers, tests of the thermocouples,
study of the manipulation of the apparatus, and an examination of
some of the characteristics of the instrument by using it to measure
the specific heat of air. The values found agreed well with the most
authentic values of previous observers, showing that the instrument
had no glaring faults.

Next a trial series of observations on ammonia was made for the
purpose of perfecting the manipulation of the apparatus, discover-
ing defects, and making a preliminary survey of the behavior of
ammonia in the superheat field. Thirty-five complete determina-
tions of specific heat were made, for the most part with smaller
rates of flow than were afterwards found appropriate. This first
series yielded valuable experience. The results obtained at this time
were inferior in accuracy to those obtained later when certain faults
had been remedied. Nevertheless, this try out demonstrated the suc-
cessful operation of the most vital parts of the set-up. One im-
portant thing learned was that close control on the exhaustion of
the envelope space was needed in order to evaluate the thermal leak-
age correction.

As a result of this knowledge a second vacuum pump was installed
for the sole purpose of continuously exhausting the envelope space,
in lieu of the intermittent exhaustion which had previously been
provided for. After this the pressure in the envelope space was kept
well controlled. The first vacuum pump was then left free for ex-
hausting ammonia lines and connections when needed.

A final series of 108 complete determinations of specific heat were
made which established the value of the specific heat at 35 different
states in the temperature range from —15 to 150° C. and the pressure
range 0.5 to 20 atmospheres. Several determinations of the Joule-
Thomson effect were made incidentally for the evaluation of the cor-
rection for pressure drop.

There are several ways of appraising the accuracy or precision of
experimental results, depending on what aspect of accuracy we are
interested in. If we wish to know to what extent accidental errors,
either of observation or manipulation, affect the results we examine
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the degree of reproducibility of a single result. We may enlarge the
scope of such a test by comparing directly observed results with
values given by a suitable empirical equation, and thus judge
throughout a range of experimental conditions the precision or
nicety of coordination of instruments and observers.

If we wish to know just how the precision of each element of the
measurement affects the resulting value of the quantity determined,
we may estimate these elements separately. We may combine them
properly and then compare the estimated reproducibility with that
actually found. Such a test, if satisfactory, fortifies the incomplete
evidence of reliability resulting from the examination mentioned
previously. It furthermore indicates whether refinements in experi-
mentation and observing have been ill or well planned.

Both of the above-mentioned tests were applied to the experi-
mental results on specific heat of ammonia vapor. In the final
series of 108 experiments the individual results agreed with the
representative equation over the entire range of temperature and
pressure on the average to within 0.1 per cent, and the greatest
deviation was within 0.3 per cent. The largest correction for ther-
mal leakage was 0.37 per cent, the average being 0.10 per cent.
Comparison of the observed accidental errors with itemized esti-
mates was satisfactory.

However, the most forcible and convincing test of the absolute
accuracy of the results is found in the correlation of the results of
these calorimetric measurements on the superheated vapor with the
entire group of other properties of ammonia made in this same
laboratory on the same quality of ammonia but in several independ-
ent investigations. These data have been brought together into a
complete formulation of thermal properties, consistent with the
laws of thermodynamics. The experimental data resulting from
calorimetric measurements agree with this formulation within 0.2
per cent and in 95 per cent of the cases within 0.1 per cent.

This check agrees well with the other tests of consistency and in-
dicates an accuracy more than adequate for most engineering pur-
poses.

Apart from the consideration of bare accuracy of results, the re-
liability of operation of the apparatus deserves mention. This char-
acteristic of the apparatus resulted from deliberate refinement of
design and construction of accessory parts, and though requiring
time to perfect these refinements, the outlay was well repaid in econ-
omy of time and effort during the period of experimenting.

Wasninerown, July 21, 1924.
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