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INTRODUCTION 

This reports covers progress on research on the application of 

adiabatic calorimetry to metal systems and related research supported 

j o i n t l y by the Energy Research and Development Administration under 

Grant No. AT-(40-l)-3291 and the University of Tennessee. 

In the current program, we are to measure the heat capacity of 

l iquid metals, and to measure the heat effects in p last ica l ly deformed 

austenit ic stainless steels. The l iquid metals require a container. 

The deformed stainless steel is necessarily in s t r ips ; these are too 

small to make a specimen direct ly and thus also requires a container. 

For both types of samples the heat capacity of the empty container is 

measured, then that of the f u l l container* and from the two sets of 

data one calculates the desired heat capacity. This procedure assunes 

the heat losses are the same for both conditions, which is approximated 

best when the heat losses are small. In general, other laboratories 

have found this technique to y ie ld very accurate heat capacity data 

(error less then + 1%). Since this accuracy is required to properly 

analyze the data for both the l iquid metals and the deformed stainless 
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steel, we have concentrated on the heat loss problem this contract year. 

We have designed and constructed an improved calorimeter, and have 

evaluated the heat loss problem in our present calorimeter. In 

addition, we have continued the development of the necessary computer 

software and i ts application to convert the calorimeters to computer 

control. 

A COPPER-SHIELD CALORIMETER 

Adiabatic conditions in a calorimeter are approximated by using 

heated shields the temperatures of which are controlled to that of the 

specimen. In our calorimeters, this is attained by use of thermocouples 

welded onto the specimen and shields. Since only these points are 

controlled to equal temperatures, the problem is one of designing the 

shields so that the entire surface is at a uniform temperature. Several 

precautions can be taken to minimize temperature gradients. The heat 

flux to the shield can be adjusted to compensate for temperature 

gradients which would otherwise exist. This is rather d i f f i c u l t to do. 

Instead, i t is best to construct the shield of a material of high 

thermal d i f fusiv i ty . Silver is an excellent material, but i t is ex-

pensive and vaporization limits the upper temperature to about 800°C. 

Copper is the most suitable, common material, and we have designed 

and constructed*a new calorimeter, using copper shields, which wi l l 

operate to 1000°C. 

Figure 1 is a schematic diagram of the physical arrangement of 

the calorimeter. The specimen is surrounded concentrically by. a copper 
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20 cm 

Figure 1. Schematic diagram of the new calorimeter. 
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shields (Guard Ĝ  and G2). These shields are grooved for nichrome 

heater wires encased an alumina tubing. A close f i t t i n g thin copper 

sheet surrounds the shields so that the heaters are completely enclosed 

in copper. The unassembled shields G-j and G2 are shown in Fig. 2. 

The G -̂Gg shields are concentrically surrounded by another copper 

shield, the cylinder shield. I t is similar in construction to G1, and 

is shown unassembled in Fig. 3. This shield is surrounded by a series 

of radiation shields to retard heat transfer to the walls of the cold 

(20°C) vacuum container. The arrangement of the cylinder and G-j is 

shown in Fig. 4. 

The specimen, Gg and Ĝ  are suspended from a common support frame 

which can be removed for access to the specimen. This is shown in 

Fig. 5. 

The entire assembly is located inside a container which can be 

evacuated to 10~6 Torr. Figure 6 shows the top of the calorimeter 

with the l i d removed. Electrical power and thermocouple wires exi t 

through vacuum ports as shown. The assembly shown in Figure 5 is in 

place and can be removed through this opening. 

The details of the wiring are shown schematically in Fig. 7. The 

thermocouple wires pass to a reference junction, then via copper wires 

to the control c i rcui t ry and potentiometer. The power leads go to the 

proper power supply. The wiring shown is that used for "manual" logging 

of data and temperature control. When data are logged with the computer, 

the thermocouple signals are amplified and go to a PDP 15/35 digi ta l 

computer; the voltage across the specimen heater and across the standard 

resistor are read direct ly by the computer. 



Figure 2. Photograph of the unassembled copper shields G, and G 

cover- cyl inder 

bottom 
cover 

bottom' 

Figure 3. Photograph of the unassembled copper cylinder shield. 
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Figure 6. Photograph of the top of the calorimeter with the l i d 
removed. 
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Figure 7. Schematic diagram of the power and thermocouple c i rcu i t ry of 
the calorimeter. 
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The operational characteristics of the calorimeter are to be 

determined by measuring the heat capacity of aluminum oxide pellets 

obtained from the National Bureau of Standards. Since measurements of 

the heat capacity of l iquid metals wi l l require specially constructed 

quartz containers, measurements on aluminum oxide wi l l be made using 

these containers. Measurements wi l l be made of the empty quartz 

container, then of the container f i l l e d with the oxide. The values of 

the heat capacity of the aluminum oxide are obtained by substracting 

these two sets of values. The results wi l l be compared to the very 

precise values of the National Bureau of Standards. We wi l l make 

measurements by heaf'ng continuously, which is the method we usually 

employ. However, corrections for heat losses (whether measuring on an 

empty or a fu l l container) can be wade by heating discontinuously, and 

we wi l l evaluate this technique for this calorimeter, as this method is 

known to yield very precise values of heat capacity. 

THE PRESENT CALORIMETER 

In our previous measurements of l iquid metals and plastical ly 

deformed austenitic stainless steel, i t became apparent that the heat 

losses due to non-adiabatic conditions were of suff icient magnitude to 

make the error in the measured heat capacities large enough to cause 

d i f f i c u l t i e s in interpreting the results. Thus, we have expended 

considerable ef fort this year in analyzing this problem. The calorimeter 

ut i l i zes as the main adiabatic shield a direct-heated, thin-walled 

nickel cylinder. Single thermocouples attached direct ly to the specimen 

and this shield are used to control the shield temperature to that of 



the specimen. Temperature control as reflected by those two thermo-

couples is excellent but is recognized as being valid for the points 

of attachment only. The temperature distribution in the specimen is 

uniform because of i ts geometry. However the thin-wal l , large area 

shield was suspect and auxi l iar ly thermocouples placed on the cylinder 

established that rather severe temperature gradients did exist . 

Unfortunately, the existing design could not be easily changed to reduce 

the gradients. Instead, we altered systematically the location of the 

control thermocouple and observed the effect on "dr i f t" rate. I f the 

power to the specimen is turned off at a given terrmerature, the specimen 

wi l l remain exactly at that temperature i f the system is adiabatic. 

A measure of the net heat losses or gains due to non-aoia.atic conditions 

is obtained by monitoring the specimen temperature with time. The 

relation is usually l inear , and the rate is referred to as the "dr i f t" 

rate. We made extensive measurements of the heat capacity from 20 to 

700*0 on the same titanium sample, with the control thermocouple at 

different locations on the cyclinder, unti l we determined the position 

which would give zero d r i f t rate around 500°C. Even though temperature 

gradients s t i l l exist on the surface of the cylinder, the heat loises 

are offset by the heat gains, so that the net heat exchange is zero. 

This w i l l minimze net heat exchange during runs, and provide minimum 

corrections for non-adiabatic conditions. 
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APPLICATION OF DIGITAL COMPUTER TO 

CALORIMETER OPERATION 

The calorimeters are being converted to computer operation, and 

as reported in the previous progress report, we now can log the data 

with the Departmental PDP 15/35 digital computer. The emf on the 

specimen thermocouple is amplified, and values stored periodically 

in the computer. In addition, the voltage drop across the specimen 

heater and across a standard resistor in the c i rcui t are stored. The 

emf values are smoothed by a least square f i t to a straight l ine 

over an interval At of , typical ly, 120 sec. The line is then used to 

calculate the emf at the extremes of the time interval, and these two 

values of emf are converted to temperatures by a conversion table stored 

in the computer. With this temperature difference, AT, and tht- average 

voltage E fend current I on the heater c i rcu i t , the average heat capacity 

over the temperature interval is given ly 

Cp = (E I At)/mAT 

where m is the mass of the sample. The reproducibility of the data 

by this technique is about +1^, about the same as taking data manually. 

Further, there is considerable f l e x i b i l i t y in how the data are treated. 

For example, since the instantenous heat capacity is givon by the 

C = (El/m) dt/dT 
P 

the temperature-time data can be f i t t ed to a polynomial, then 

differentiated to obtain an expression for the heat capacity as a 

function of temperature. 
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Computer control of the adiabatic shields is more complicated since 

i t involves not only logging the necessary signals ( e . g . , thermocouple 

voltages) but applying control strategies. The approach has been to use 

two steps: 

(1) Develop a model of the calorimeter suitable for simulation 
purposes. 

(2) Use the process model to develop a d ig i ta l control strategy 
capable of replacing the current analog methods. 

In the previous progress report, the theoretical samDling accuracy 

of the computer data acquisition system was quoted as 0.025°C with a 

measured accuracy of ~0.1°C. (These temperature accuracies correspond to 

0 .25 and 1.0 thermocouple microvolt accuracies.) Due to hardware 

improvements, the measured accuracy now approaches the theoretical 

accuracy of + 0.25 microvolts. A computer program has been written 

to aid in the gathering of data for the process model (Step 1 above). 

I t is merely the discrete version of a standard PID control ler . The 

analog equation is represented by: 

t 
m(t) = Kc [e(t) + J e(t) dt + T 

1 o 

where 

m(t) = controller output 

e ( t ) = error 

K , T . , T = controller tuning parameters 

The discrete version of this equation is : 
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where 

i = current sample interval 

N = total number of sample interval since start 

T = sampling time 

This relation enabled the process to have a constant controller output, 

i . e . , process input over the duration of one sample time T. 

The program was executed and tuned by t r i a l and error. Surprisingly 

the computer control was capable of controlling the small-mass, f as t -

response shields Ĝ  and Ĝ  (which are of utmost importance in approaching 

adiabatic conditions) within + 1 . 0 vv of the sample temperature. This is 

equivalent to or possibly better than the current standard analog 

controllers. Also the massive shield Gj and the cylinder were capable of 

being controlled d ig i ta l l y within + 2.5 nv G2 This is considerably 

better than the analog control of +. 10 yv for G2. 

At this point data.are being collected for modelling purposes to 

cevelop more accurate tuning parameters for the discrete controller. 

Also runs w i l l be made to determine the ab i l i t y of the discrete controller 

to perform this well at higher temperature (600°C - 1000°C). I f the 

discrete controller performs well at these higher temperatures, the 

switch from manual data acquisition-analog control to complete discrete 

data acquisition and control w i l l be complete witii no loss and possibly 

enhancement of the accuracy in specific heat measurements. 


