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ABSTRACT

The complete calorimeter system used t o measure powers
from O.I if t o 2 W o f samples 1.5 i n . In diameter by 5 In . la
length i s described. Calorimeter readout 1* by d i g i t a l v o l t -
meter. A s e n s i t i v i t y of 1501 mV/W at 1.327 W with an accuracy
of 9 9 . 9 * WM obtained. Sample equiUbrium time l i U . The
twin-tub* temperature measurement sys tea compensates for ther -
mostat temperature f luctuat ion* . Thermistors measure the tem-
perature gradient produced by heat flow through a 5-!*»• length
o f l . ? 5 » i n . - o . d . , O.035- in . -wal l brass tube . The thermistor*
are supplied with a constant operating current by current reg-
u la tor diodes t o s impl i fy and improve operation. An in tegra l
ca l ibrat ion heater surrounds the sample chamber. R e l i a b i l i t y
i a enhanced fcy a l l - s o l i d - s t a t e des ign .

I . OITROOUCTICK
This caloriaeter .is an isothermaily jacketed

twin-tuba caloriaeter of the heat flow type. It
prewidtt a nondestructive assay of radioactive sam-
pics . Tbt design was aided by information contained
in a review paper by Gunn, and by a Mound Labora-
tory report on their caloriaeter*.

The design of th i s radionucUdt caioriaetsr
was influtnctd by many inten-elated reqalreaenti
and special contideratlons. It was necaasary to
produce a satisfactory operating systea i s a short
t lae using cempoaants on hand or available from the
IASI> stock room. Reliability, sensit ivity, ease of
operation and low coat were aajor considerations.
The calorineter was required to aeaaure the power of
staples of 0.1 W to 2 W with an accurixy of 99»9$
la a reasonable t lae . The saaple was a 1.5-ln.-o.d.,
5-itt.-long cylinder. The caloriaeter output aust
be sufficient for readout on a digital voltaeter
with adequate accuracy and precision. It i s be-
likved that a l l *.he requlreaents have been fulf i l led
by thlfc design, which has been operating satisfac-
tori ly for over 1-1/2 yrs.

The twin-tub* design was adopted to alnlMee
thermostat temperature fluctuation*f The use of

the most s e n s i t i v e temperature tensing dev ices ,
thermistors , was dic tated by the requirement for
a large output vo l tage which could be e a s i l y read
on a d i g i t a l voltmeter. An operational amplif ier
connected between the d i f f e r e n t i a l thermistor c i r -
c u i t s and the d i g i t a l voltmeter providta i s o l a t i o n
and necessary amplif ication at low sample power*.

The mala calorimeter tube has a sample cavi ty
at the top end. This cavi ty has a nonremovable
heater tube which i s used t o ca l ibrate the c a l o r i -
meter over a range of e l e c t r i c a l power l e v e l s .

Four series-connected equally spaced thermis-
t o r s are cemented t o the calorimeter tube at the
bottom of the aample cavi ty and <» others are s imi -
l a r l y cemented t o the base or the calorimeter tube,
a spacing of 5 i n . These measure the temperature
gradient produced by heat flew from the sample or
cal ibrat ion heater t o the thermostat bath.

Current regulator diodes supply a s tab le cur-
rent t o the thermistors of each ident i ca l tube.
The vol tage produced across the two thermistor c i r -
c u i t s i s cancel led at the input of the summing
operational ampli f ier . Heat flow in a tube assem-
bly w i l l lower the thermistor res i s tance and produce



a corresponding output mi l l ivo l tage from the ampli-

f i er which i s read on the DVM. Equilibrium time for

the heater i s 2-1/2 h . A typ ica l sample reaches

equilibrium in 4 h .

I I . DESIC2} OF CALORIMETER

A. Riysical and Thermal Design

1. Calorimeter Assembly. Figure 1 shows the

twin-tube calorimeter assembly which contains the

two calorimeter tubes . The assembly i s immersed in

an 88-gal thermostat water bath 22 i n . deep and 36 i n .

in diameter, which i s kept at a constant temperature

of 28.3°C by a commercial temperature contro l ler .*

Housing, trass
e-cnaiom. 6125-in high.
0125-in wall

Tub*, com?

3-ln.dlom.IL2S-lii.long,
0IZ5-ki.Mll

The air-conditioned room i s maintained at 25°C. A
1/20 hp stirrer vigorously agitates the water.*
A lk-V Rotroti coaxial muffin fan directs a stream
of air onto the stirrer motor to remove heat which
would otherwise heat the thermostat water above
the control range of the temperature controller.
A safety switch in series with the thermostat heat-
er turns power off i f the bath temperature exceeds
29.5°C.

2. Calorimeter Main Tube. Figure 2 shows the
organization and dimensions of the calorimeter main
tube. The 1.5-in. sample diameter determined the
i .d . of the copper heater tube in which i t f i t s .
The heater tube f i ts inside the brass main calori-
meter tube. The thin O.O35-in.-wall main tube per-
mits a maximum temperature gradient to be developed
by sample or heater power, which flows down to the
copper base of the main tube and then out to the
thermostat bath. The main tube was insulated with
a l/2-in.-thick tube of styrofoam to reduce convec-

Somptt
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Fig- 1. Twin-tube calorimeter assembly. Fig. 2. Calorimeter main tube.

Precision Temperature Controller Model to, Tronac
Inc., Orem, Utah.

*Stirrer Type NSI-53, Central Scientific Co.



tion air currents. The lower cavity of the main
tube was fi l led with solidifying liquid foam for
the same reason.
B. Electrical Design

The twin-tube differential thermistor design
was adopted to minimize the effects of thermostat
temperature fluctuations. Refer to Fig. 3, the
temperature measurement circuit, to see how this
operates. Assume equal currents through the 4
groups of thermistors, R^y, R^, R3U and RBL. When

the resistances of the 4 groups of thermistors are
equal, the voltage drops will be equal, and the dif-
ferential voltage will be zero. See Eq. ( l ) .

<EAU + V " (EBU + E3L> = ° ' W
Should the bath temperature change, i t would

affect R^ and RBI> equally. E ^ and EfiL would
change in the same direction and cancel. Therefore,
there would be no change in the differential output
voltage.

1. Temperat'jre Measurement Circuit. Disc-type
thermistors,* 5 k flat 25"C, stock items at LASL,
were selected to sense the temperature gradient pro-
duced by heat flowing through a 5 in. length of the
main calorimeter tube. Four series-connected therm-
istors equally spaced arooid the circumference of
the main calorimeter tube at the height of the
l/4-in.-thick copper shelf respond to the tempera-
ture at that level. These correspond to the resis-
tor labeled R^ of Tube A in Fig. 3 . These are

Fig. 3 . Temperature measurement c i rcui t .

connected in series with a second group of 4 series-
connected thermistors cemented to the end of the
main tube. An identical configuration was dupli-
cated as closely as possible in constructing Tube B.

Each of the 2 groups of seriss-connected therm-
istors i s supplied with a constant current of approxi-
mately 0.47 mA furnished by a separate current regu-
lator diode.

The 2 groups of thermistors in each calorimeter
tube circuit were selected and matched equally in
resistance, 17.4 k CU A voltage drop of 16.4 V i s
r-oduced across the 8 thermistors of each circuit.

The output of the 2 thermistor circuits i s
connected to a summing operational amplifier, A.
The positive and negative voltage levels from the
twin-tube thermistor circuits effectively cancel at
the input of the amplifier. The amplifier i s gener-
ally used with a gain of XI.

2. Calibration Power Measurement Circuit. The
power measurement circuit for the 2 calibration
heaters i s shown in Fig. 4. Heater selector switch,
SW2, allows either heater to be supplied with regu-
lated power from adjustable power supply Ho. 4. Beater
current switch, SW1, selects either a 10-flor .100-0
precision resistor for measurement of high or low
heater currents. Heater voltage i s measured across
separate leads connected to the 900-(1 heater element.

3. Current Regulator Diodes. To eliminate cur-
rent adjustments, current regulator diodes* are used
to supply a constant current of approximately 0.47
mA to each of the differential thermistor circuits.
The diode*, Dl and D2, are powered by 2 regulated

Ti*e«l*ai«r Tube Burner

General Electric thermistor No. 1D-10}, io£ to l . ,
0.100-in. dim by 0.048 in. thick, U-iH dissipation
constant, 8-sec thermal time constant, $.35 each.

Fig. 4, Calibration power measurement circuit.

Mfg. by Motorola. Semiconductor Products.



power supplies of opposite po lar i ty . The diodes

were se lected for approximately equal regulated

currents and low noise character i s t i c s . The 2-jUF

capacitors eliminate high frequency n o i s e . The d i -

odes operate with 25-V b i a s .

I I I . ASSEMBLY USD CONSTRUCTION

The successful completion of the calorimeter

depends on careful attention given t o many d e t a i l s .

The most important of these are described below.

A. Calorimeter Assembly

The calorimeter assembly cons i s t s of an 8 - i n .

-diarn brass container which has 2 copper down tubes

attached t o the bottom p l a t e . Construction was by

s i l v e r soldering. Access t o the calorimeter tops

i s through a removable Lucite top . Eight wires from

each calorimeter tube terminate at 2 small recepta-

c l e s mounted on the inner horizontal surface. Cables

with attached plugs lead out through holes in the

outer Lucite ring of the calorimeter housing. The

ent ire assembly i s supported by a 1 /2 - in . - th ick seg-

ment of Lucite, with an 8-1/4-la.-diam hole , rest ing

on a s t a i n l e s s s t e e l frame.

B. Calorimeter Main Tube

Soft soldering was used t o minimize warping

when assembling the bottom and she l f t o the main

tube. The 2 spacer r ings and bottom of the heater

tube were a lso assembled with sof t solder.

After each main tube was completsd with the

e l e c t r i c a l components and wires attached, i t was

bolted t o the bottom of the down tube with three

1/4-20 b o l t s . Dow Corning 34Q Si l icone heat sink

compound was used at the base of the main tube t o

improve heat conduction. Dow Corning S i l a s t i c 7J2

BTV sealant was used around the bol t s t o make than

water t i g h t .

1 . Heater Element. The 900-ft heater element

was made of Manganin wire, Alloy A, SHC No. 36,

0.005 i n . in diameter, 87 .1 ^ p e r ft« Sixteen f e e t ,

7 - 1 / 4 in* , of t h i s wire was b i f i l a r wound on the out-

s ide of the heater tube by hand. The winding was

sprayed with enamel when completed. Two pairs of

Ho. 30 stranded-copper nylon-insulated wire attach

t o the 2 e.T-aent leads at the top end of the heater

tube. They pass through a s l o t 5 / l 6 i n . wide, which

was removed from the upper spacer. The 4 wires then

pas3 through a horizontal s l o t cut through the main

tube, down the main tube where they combine with

the 4 wires from the 2 groups of thermistors. Then

they trave l upward on the outside of the styrofoam

side insulat ion, through a s lo t machined in the top

edge of the copper down tube and t o the receptacle,

a Cannon subminiature type J, 9 contact item.

2 , Thermistors. A group of 40 thermistors,

which were uninsulated, were sprayed with 3 coats of

enamel. Their individual res istance was measured

with a low-current ohmraeter while they were immersad

in the thermostat bath. Four groups of 4 thermis-

t o r s of equal t o t a l res is tance were se lected from

t h e s e . They were cemented t o the outside of the 2

main tubes with 5-min Devcon epoxy cement. Four

were cemented equally spaced around the circumfer-

ence at the height of the shelf , and the second set

of four was cemented l / 8 i n . from the bottom end of

the main tube. The 4 thermistors in each group were

connected in s e r i e s . The thermistor wires joined

with the heater leads , then traveled up along the

outside of the main tube insulat ion t o the recep-

tacle.

C. Current Regulator Diodes

Current regulator diodes maintain a constant

current in a series circuit when they are kept at

constant temperature. The diodes,, Dl and D2, are

mounted in a siliccne-oil-filled metal container,

which i s partially submerged in the thermostat bath.

IV. OPERATION OF CALORIMETER

The calorimeter i s usually operated by the r e -

placement method. In t h i s method the sample at

equilibrium causes a temperature r i s e in the ca lor i -

meter which produces a proportional change in the

calorimeter output vo l tage , AEO. The sample i s then

removed from the calorimeter, and the cal ibration

heater voltage i s adjusted t o produce a nearly

equivalent amount of e l e c t r i c a l power, P,,, which
n

produces a calorimeter output voltage, AK,. The

last proportionality, A£ /̂PH, i s the sensitivity

of the calorimeter at that particular power. It

decreases with increasing power, because the resis-

tance of the thermistors decreases with increasing

temperature. The sample power is found by dividing

the calorimeter output semple voltage by the sensi-

t ivity.

Either Tube A or Tube B may -* used t o measure
a sample by the replacement inetluh-. The tubes must



be individually calibrated, because they are not

exactly equal in sens i t iv i ty .

A. Measurement of Sample Power

The output of the amplifier i s adjusted to

zero by pressing switch, SH5, and using the Zero

adjustment. This i s an infrequent adjustment. The

Balance control i s used t o compensate for di f fer-

ences in the two 1-M Q input res i s tors , and need

b2 adjusted only once after construction.

The R-box i s adjusted to bring th«* output of

the amplifier t o zero voltage. The s&ii.ple i s then

placed in the Tube A sample chamber. A magnet i s

handy for removing the s tee l inner top. After the

calorimeter output has stabi l ized, time required i s

approximately k h, the output reeding i s taken and

recorded. The t o t a l output voltage change divided

by the sens i t iv i ty at t h i s output voltage w i l l give

the value of sample power. I f no sens i t iv i ty fac-

tor i s available near the sample mil l ivoltage, the

calibration heater may be run t o obtain one.

Table I l i s t s representative sens i t iv i ty fac-

tors for Tube A.

B. Measurement of Calibration Heater Power

Figure k shows the power measurement system

for the calibration heaters . Measurement c f the

power supplied by the calibration heater consists

of measuring the heater voltage and the heater cur-

rent separately, and obtaining the product, ^ I g -

The heater current i s obtained by measuring the vo l t -

age developed across the series resistance, R, and

TABLE I
TYPICAL SENSITIVITY OP

Power

Jsi.
0.100

0.251
0.500
0.750
1.000

1.303

1.503
1.750
2.000

CALORIMETER TUBE A

Sensitivity
(mV/W)

1737
1704
1650
1602

1555

1505

lk'(\

1^35
1396

dividing by the proper value of resistance. The
heater voltage i s measured directly at the heater
voltage leads. The calorimeter output divided by
the heater power gives the sensitivity at that
power.
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