
] oflfIJal of Cla( julov.r, \ '01. 22 , ~o. 87, 11)79 
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Australia) 

; \BSTRACT. A temperature controller is desc ribed which uses a thermistor sensor and electrical heating 
to ma intain the temperature of a small bath o f fluid to within a few millid('grees. 

RF.SU~E. Un s1'Sterne de controle precis de la temperature de petits bains liquides. On decrit un appareil d e controle 
d" la temperature qui utilise un capteur a thermistor et un cha uffage electrique pour maintenir la tempera­
tU I't· d ' un ba in fluidc dans une fenetre de quelques milliemes de degrc . 

Zl1S .. ""MENFASSUNG. Ein S ystem ':11 genaum T emperaturkonlrolle von kleinm FliiHigkeitsbiidern. Es wird ein 
Tempcraturrcgler bcschriebcn der cinen Thermistor-Flihler und elcktrische H eizung benlitzt, urn die 
T cmpcra tur eincs Fllissigkeitsbades a uf wenige Milligrad konsta nt zu ha lten. 

INTROD UCTION 

The flow parameters of ice are very temperature sensitive particularly as the temperature 
a pproaches ooe (e.g. Melior a nd Testa, 1969) therefore, in order to make reliable ice-flow 
measurements it is necessary to control the specimen temperature to within close limits . If 
the ice sample is immersed in a fluid (usually kerosene) to prevent ablation it is convenient to 
control the temperature of this fluid. The controller uses a thermistor bridge and amplifier 
to switch a heater in the fluid on and off. Temperature accuracy is maintained by having a 
high loop gain in the sensor-to-hea ter system and low offset drifts in the bridge and amplifier. 

PERFO RMAN CE 

The a bility of the system to m aintai n accurate control depends on a number of factors, e.g. 
the stability of the surrounding cold box, the insulation around the controlled bath, and the 
heat input from experiment sensors, etc . T ypically it is not difficult to set up a bath which 
has a short period (c. 10 s) thermal noise of c. 0.0 I deg peak to peak which, if smoothed by a 
time constant of several minutes, leaves a residual variation of about 0 .003 deg. The long-term 
drift is less accurately known but over a period of several weeks no varia tion of the mean 
temperature is detectable above the noise. The ex treme temperature variation from the centre 
to the edge of a suitably stirred and insulated bath is less than 0.0 I d eg. Within the central 
zone variations are much less. 

'-\P PARATUS 

A typical arrangement will have the insulated conta iner of fluid (in which the ice specimen 
is immersed ) in a cold room or small freezer box which is run at a temperature about 10 deg 
below that required for the controlled ba th. 2 cm of foam insula tion provides enough heat flux 
out of the system and sufficient da mping of variations in the freezer temperature. 

A small electric motor drawing 100 mA a t 4 V turns a prop ell or which stirs the fluid . 
I t is most important that the fluid' is well mixed throughout the ba th and that it has sufficient 
velocity past the thermistor sensor to reduce the effect of self heating. Excessive stirring 
however can cause significant ablation of an ice sample over a period of six months when 
kerosene is used. Low-viscosity silicone oil will prevent this for longer experiments but is 
much more expensive. 
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JOURNAL OF GLACIOLOGY 

The heater consists of a lattice of resistance wire wound on an open frame which occupies 
a large section of the bath. This gives better control than a more localized heater by preventing 
temperature overshoots from-heat storage and delays in heat transfer. The length of resistance 
wire is selected to give the appropriate resistance and hence heater power. 

ELECTRONICS 

The thermistor sensor (Rth in the circuit diagram, Fig. I) is an STC type F23 which has a 
very small bead of resistance material encapsulated in glass; These have been found to be 
stable and to give a rapid response to temperature changes. The resistance of 4 kQ at ooe 
gives a power dissipation of go fL Wand the resultant self heating is 0.03 deg in still warer . 
It is therefore important that the thermistor be located in a well-stirred position in the bath to 
minimize and help keep constant this effect. 

Ik 

Fig. I . Tlte electronic circuit. 
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The thermistor bridge voltage VB is maintained at 1.22 V by a LM I [3 preclSlon zener 
diode Z(. The criteria of Narod ( 1976) which equa lize the effects of self hea ting and detcc tor 
noise to give optimum resolution of a thermistor bridge as a thermometer suggest a lower 
voltage (c. 0.4 V); but for a controller where self hea ting remains substantia lly constan t it is 
reasonable to use a larger voltage to increase sensitivity and immunity from temperature drift 
due to changes in the a mplifier input offset voltage. 

Using VB = 1.22 V and with a thermistor coefficient IX = 0.03 /deg the differential output 
is 10 mVjdeg. The LM725 or fLA725 amplifier has an input offset voltage drift: of less than 
2 fLVjdeg so a temperature fluctuation of 10 deg at the amplifier gives an equivalent tem­
perature shift at the sensor of only 2 mdeg. 
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Fig. 2 . A typical cOl/figuration of heater, stirrer, and sensor, which gives good temperature stability. 
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I NSTRUMENTS AND METHOD S 39 1 

The resistors in the bridge (RI> R " R s) should be high-stability types, e.g. metal film. 
R, and R z are of equal value approximately equal to that of the thermistor (3.9 H2) . Rs is 
varied to set the required temperature and is composed of switched fixed resistors (I kQ) in 
series with a multi-term variable resistor with a turns-coun:ting dial. 

The power transformer 1'1 and the bridge rectifier D3 must be capable of supplying the 
h eater current, which may be up to 2 A. 

SETTING U P 

If the bath temperature is measured for a number of different se ttings of R s , a calibrat ion 
graph ca n be produced which a llows any tempera ture to be set fairl y accura tely. Over a small 
ra nge the relation between R s and temperature is very close to linear. T he light-emitting 
diode D2 indica tes when the hea ter is on, and cycl ing of the light indica tes control of the 
tempera ture. The best performance is obtained with a cycle time of about 10 S or less and 
approx imately equal times on a nd off. T he heater power a nd the configuration of the heater , 
stirrer, and sensor can be adjusted for this. A small well-insul a ted bath of capacity c. 0.5 I 
uses 5 W of heater power. A larger bath of 20 I with the top uninsula ted requires 90 W . 
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