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TWIN-TUBE CONDUCTIQN RADIQNUCLIDE CALORIMETER

by

George . Rupert

ASSTRACT

The complete calorimeer system used to measure povers
from C.L W to 2 W of saaples 1.5 in. ir diameter Dy 5 in. in
lmgth is described. Calorimeter resdost is by digital volt-
meter. A sensitivity of 1501 mV/W at 1.327 W with an accuracy
of 95.9% vas obteined. Smmple equilibrium time is 4 h. The
twin-tube temperatue sessursment system compunsates for ther-
mostat temperature fluctustions. Thermistors measure the tem-
perature gradient produced by heat flow through & S5-in. length
Of 1.75+1n,+0.d., 0.035-in.-vall brass tudbe. The therzistors
are supplied wvith a constant operating current by cwrent reg-

ulator dicdes to siamplify end improve creratiocm.
calibretion beater surrounds the saaple chanber.

An integral
Reliagbility

ia enhanced %y all-solid-state design.

X. INTRODICTION

This calorimeter is an iscthermaily jacketed
twin-tube calorimeter of the heat fiow type. It
pEovides & nondestructive asssy of radioactive saa-
ples. The design vas aided by informstion contalned
in a reviev paper by cv.nn,l and by a Mound Ladbeora-
tory rapozt an their cuoﬂ\unrl.z

The design of this radionuciide calorimeter
was influsiced by many interrelated reguirements
and special considerstims. It was necessary to
produce a satisfactory operating system in a short
time using compoamnts on hand or available froa the
LASL stock room. Relisbility, sensitivity, esse of
operation and low cost ware ssjor consideraticns.
The calorimeter was raquired to measu’e the power of
samples of 0.1 W to 2 W with an accurecy of 99.9%
in a reasonable time. The saaple was & 1.5-1in.-0.d.,
S=in.-long cylinder. The celorimeter output aust
be sufficlent for resdout on a digitel voltmeter
with adequate accuracy and precision. It is be-
lisved that all %he requirements have been fulfilled
by this design, which has been operating satisfsc-
torily for over 1-1/2 yrs.

The twin-tube deaign was sdopted to mininice
thermostat temperature fluctuations¢ The use of

the aost smsitive temperature sensing devices,

f.hez-ni.tt.c)x-l,3 was dictated by the requirement for
a large output voltage which could be easily read
oo & digital voltmeter. 4An cpersticnal sapiifier
connected tetween the differential tharmistor cir-
cults and the digital voltmseter provides isolsation
and necessary smplification at low wample povers.

The sailn calorimeter tube Las a sample cavity
at the top end, This cavity has & amremcvable
heater tube which is used to cslibrate the celori-
aeter over & zange of electricel power levels.

Four series-connected equaliy epaced therais-
tors are cemented to the calorimeter tube at the
bottam of the ssample cavity aand 4 others are simi-
larly cemented to the base of the calorimeter tubde,
a spacing of $ in. These messure the Lemperature
gradient produced by heat flow from the sasmple or
calibraticn hezter to the thermastat bath.

Cwrrent regulator diocdes supply e stable cure
rent to the thermistcrs of each identical tube,
The voltage produced across the two thermistor cir-
cuits 1s cancelled at the input of the auwmrning
operational mmplifier, iieat flow in & tube assem-
bly will lower the theraistor resistence and produce



g corresponding output millivoltage from the ampli-
fier which is read on the DVM. Equilibrium time for
the heater is 2-1/2 h. A typical sample reaches
equilibrium in 4 h,

I11. DESI@ OF CALORIMETER
A. _Physical and Thermal Design

l. Calorimeter Assembly. Figure 1 shows the
twin-tube calorimeter assembly which caatains the
two calorimeter tubes. The assembly is immersed in

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

in diameter, which is kept at a constant temperature
of 28.3°C by a commercial temperature controller.*®

| e Top, xite

10-n 6am

Housing, brass
@-indiam, 6.125-in_high,
0.125-in wall

Tubs & Tube B

Tubes, coppey
L 5-tndom, 1125-1n long,
0125-Inwall

[=) | S S - |

Pig. 1. Twin-tube calorimeter assembly.

¥
Precision Temperature Controller Model 40, Tronac
Inc., Orem, Utah.

The air-conditioned room is mainteined at 25°C. 4
1/20 nhp stirrer vigorously agitates the water.*

A 14-W Rotréh coaxial muffin fan directs a stream
of air onto the stirrer motor to remove heat which
would otherwise heat the thermostat water ebove
the control range of the temperature controller.

A safety switch in series with the thermostet heat-
er turns power off if the bath temperature exceeds
29,3°C.

2. Calorimeter Maln Tube. Figure 2 shows the
organization and dimensions of the calorimeter main
tube. The l.5-in. sample diameter determined the
i.d. of the copper heater tube in which it fits.
The heater tube fits inside the brass main calori-
meter tube. The thin 0,035-in.-wall main tube per-
mits a maximun temperature gradient to be developed
by sample or heater power, which flows down to the
copper base of the main tube end then out to the
thermostat bath. The main tube was Insulated with
a 1/2-in.-thick tube of styrofoam to reduce comvec-

5 Top, copp, 3-In. diam, 0,125 -4 thick

Top insulator, styrofoom, 2.75-1n04,0.523- in. hick

Innee top, steel, L73-Inad, 0.062-In thick

-HT spocer, brame, 1670-In 0.4, | 625-i L., 0.123-lnkng
L ———Heater Nubs, copper, 1.629-ln0.d 0.033-in wall, 4.75-in long

Somple
orsa f-———Wain tubs, bren, 1.75-in at, 0.033-in wail, 10.658 -in long
|_— H.T botiom, copper, 1.558-in diom, O.123-in. thick
Main tube sheit, copper, |.EB-indiam, 0.23-in thick
1 {located 5.25-In from bottom end af mein tube)
Foam | ———Sice insulator, styrofosm, 273-indam, 11 573-in leny

Main hbe toitom, copper, 2.25 - In@em, 0.50- a thick
3 Holes 10pped 14 -20, 0. 3T3-in deep, rafive 0.625-in,
1 +paced 120% conter hole 0 375-in dlam

cnllnh)

Fig. 2, Calorimeter main tube.

*Stirrer Type NSI-55, Central Scientific Co.



tion air currents. The lower cavity of the main
tube was filled 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 circult, to see how this
Assume equal currents through the 4

operates.

groups of thermistors, RAU’ RAL’ RBU 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. (1).

(Bpy + Byg} = (Bgy + By ) =0 - ()

Should the bath temperature change, it would
affect R AL and RBL egually. EAL and EBL would
change in the same direction and cancel. Therefore,
there would be no change in the differential output
voltage.

1. Temperature Measurement Circuit, Disc-type
thermistors,” 5 k Qat 25°C, stock items at LASL,
were selected to sense the temperature gradient pro-
duced by heat flowing through a S in. length of the
main calorimeter tube. Four series-connected therm-
istors equally spaced arowmnd the circumference of
the main calorimeter tube at the height of the
1/b-in.<thick copper shelf respond to the tempera-
ture at that level. These correspond to the resis-
tor labeled RAU of Tube A in Fig. 3. These are
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Fig. 3. Temperature measurement circuit,.

*General Electric thermistor No. lD-103, 10% tol.,
0,100-1n. diem by 0,048 in. thick, 4-md disaipation
constant, B-sec thermel time constent, $.35 each.

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

EBach of the 2 groups of seriess-connected therm-
istors 1s supplied with a constent current of approxi-~
mately O.47 mA furnished by a separste current ragu-
lator diode. '

The 2 groups of thermistors in each calorimeter
tube circuit were selecte2d and metched equally in
resistance, 17.4 k §& A voltage drop of 16.4 V is
rvoduced scross the 8 thermistors of each circuit.

The output of the 2 thexrmistor circuits is
connected to a summing operational emplifier, A.

The positive and negative volt'age levels from the
twin-tube thermistor circuits effectively cancel at
the input of the amplifier. The amplifier is gener-
ally used with a gain of Xl.

2. _Calibration Power Measurement Circuit. The
power measurement circuit for the 2 calibration
heaters is shown in Fig. 4. Heater selector switch,
SwW2, allows either heater to be supplied with regu-
1ated power from adjustable power suppiy No. 4. Beater
current switch, SWl, selects eitker a 10-{ or 100-§
precision resistor for measurement of high or low
heater currents. ideater voltage is measured across
separate leads comnected to the 900-Ciheater element.

e _Current Regulator Diodes. To eliminate cur-
rent adjustments, current regulator diodes® are used
to supply a constant current of approximstely 0.47
mA to each of the differentiel thermistor circuits.
The diodes, Dl and D2, are powered by 2 regulated

Tube & Peater Tube B heater

\9000
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Fig. &, Calibration power messurement circuit.,
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povwer supplies of opposite polarity. The diodes
were selected for approximately equal regulated
currents and low noise characteristics. The 2-4F
capacitors eliminate high frequency noise. The di-
odes operate with 25-V bias.

ASSEMBLY AND CQNSTRUCTIQN

The successful completion of the calorimeter
depends on careful attention given to many detsils.
The most important of these are described below.

A. Calorimeter Assembly

The calorimeter assembly consists of an B-in.
~diam brass container which has 2 copper down tubes
attached to the bottom plate. Comstructicn was by
silver soldering. Access to the celorimeter tops
is through a removable lucite top. Eight wires from
each calorimeter tube terminste at 2 small recepta-
cles mounted on the inner horizontal surface, Cables
with attached plugs lead out through holes in the
outer Lucite ring of the calorimeter housing. The
encire assembly is supported by a 1/2-in.-thick seg-
ment of Lucite, with an 8-1/4-in.-diam hole, resting
on a stainless steel frame.

Be Calorimeter Main Tube

Soft soldering was used to ninimize warping
vwhen assembling the bottom and shelf to the main
tube. The 2 gpacer rings and bottom of the heater
tube were also assembled with soft solder.

After each main tube was completed with the
electrical components and wires attached, it wes
bolted to the bottom of the down tube with three
1/4-20 boits. Dow Corning 340 Silicone heat sink
compound was used at the base of the main tube to
improve heat conduction. Dow Corning Silastic 732
RTV sealant was used around the bolts to meke them
water tight.

1. Heater Element. The 900-§iheater element
was made of Manganin wire, Alloy A, SNC No. 36,
0.005 in. in diameter, 27.1 {l per ft. Sixteen feet,
7-1/4 in., of this wire was bifilar wound cn the out-
side of the heater tube by hend. The winding was

sprayed with ensmel when completed. Two pairs of
Wo. % stranded-copper nylon-insulated wire attach
to the 2 el nent leads at the top end of the heater
tube. They pass through a siot 5/16 in. wide, which
was removed from the upper spacer. The 4 wires then
pasa through a horizontul slot cut through the main
tube, down the main tube where they combine with

IiI.

the 4 wires from the 2 groups of thermistors. Then

they travsl upward on the outside of the styrofoam
side insulation, through a slot machined in the top
edge of the copper down tube and to the receptacle,
a Cennon subminiature type L, 3 contact item.

2, Thermistors. A group of 40 thermistors,
which were uninsulated, were sprayed with 3 coats of
enamel. Their individual resistance was measured
with a low-current ohmmeter whiile they were immerszd
in the thermostat bath., Four groups of & thermis-
tors of equal total resistance vere selected from
these. Tliey were cemented to the outside of the 2
main tubes with 5-min Devcon epoxy cement, Four
were cemented equally spaced arcund the circumfer-
ence at the height of the shelf, and the second set
of four was cemented 1/8 in. from the bottom end of
the main tube. The & thermistors in each group were
connected in series. The thermistor wires joined
with the heater leads, then traveled up almg the
outside of the main tube insulation to the recep-
tacle.

C. Current Regulator Diodes

Current regulator diodes maintain a constant
current in a series circuit when they are kept at
constent temperature. The diodes, Dl end D2, are
mounted in a silicone-oil-filled metal container,
vhich is partially submerged in the thermostat bath.

IV. OPERATI(N OF CALORIMETER

The calorimeter is usually operated by the re-~
placement method. In this method the sample at
equilibrium causes a temperature rise in the calori-
meter which produces a proportional chenge in the
calorimeter output voltage, AES. The sample is then
removed from the calorimeter, and the calibration
heater voltage is adjusted to produce a nearly
equivalent amount of electrical power, PH’ which
produces a calorimeter output voltege, AEH' The
last proportimality, AEH/PH, is the sensitivity
of the calorimeter at that particular power. It
decreases with increasing power, because the resis-
tance of the thermistors decreases with increasing
tempersture. The sample power is found by dividing
the calorimeter output semple voltage by the sensi-
tivity.

Fg

Either Tube A or Tube B may ~e used to measure
a sample by the replacement metho.. The tubes must

= AESPH/AEH . (2)



be individually calibrated, because they are not
exactly equal in sensitivity.
A.__ ieasurement of Sample Pgwer

The output of the emplifier is adjusted to
zero by pressing switch, SW3, and using the Zero
adjustment. This is en infrequent adjustment. The
Balance control is used to compensate for differ-
ences in the two 1-M © input resistors, and need
b2 adjusted only once after comstruction.

The R-box is adjusted to bring the output of
The sawple is then

the empliier to zero voltage.
placed in the Tube A sample chamber. A magnet is
handy for removing the steel inner top. After the
calorimeter output has stabilized, time required is
approximately 4 h, the output reeding is taken and
recorded. The total output voltage change divided
by the sensitivity at this output voltage will give
the value of sample power. If no sensitivity fac-
tor is aveilable near the sample millivoltage, the
calibration heater may be run to obtain one.
Table I lists representative sensitivity fac-

tors for Tube A.

B. Measurement of Calibration Heater Power

Figure 4 shows the power measurement system
for the calibration heaters. Measurement cf the
power supplied by the calibration heater consists
of measuring the heater voltage and the heater cur-
rent separately, and obtaining the product, EHIH'
The heater current is obtained by measuring the volt-
age developed across the series resistance, R, end

EE:269(60)

TABLE I
TYPICAL SENSITIVITY OF CALORIMETER TUEE A

Power Sensitivity
W) (mv/d)
0.100 1737
0.251 1704
0.500 1650
0.750 1602
1.000 1555
1.303 1505
1.503 b7
1.730 1435
2,000 1396

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

voltage leads.

power.
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