
AI) 75 0 5 9 0 

N O T ES ON A THERMAL PR OBE 17 O R M E A S ü R I N G 
THE TEMPERATURE OE IGE LAYERS 

Karl Phi 1 be rt h 

Cold Regions Research and Engineering Laboratory 
Han ov er, New Ha m p slur e 

O etober 1972 

DISTRIBUTED BY: 

National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 
5285 Port Royal Road, Springfield Va. 22151 



TL 365 

Draft Translation 365 

Notes on a Thermal Probe for 

Measuring the Temperature of Ice Layers 

K. Philberth 

October 1972 

; ty 

NATIONAL TECHNICAL 
INFORMAT ION SERVICE 

i I S ¡-.nftmpMT ( f Cvii r>«*rc# 
■,, -.,.,(-..1,-) , a r;' 51 

CORPS OF ENGINEERS. U.S. ARMY 

COLD REGIONS RESEARCH AND ENGINEERING LABORATORY 
HANOVER, NEW HAMPSHIRE 

APPROVED KO* PUBLIC RELEASE, DISTRIBUTION UNLIMITED. 



Unclansified 
cMrt., q»»«áBc«< 

OOCUMINT CONTROL PATA - R A D 
(»••wrlty €l0ê*lll€»Um #í titiê, bmér •/ «Mf MorMj «fmoMffan amar fc* «At**** »I 

1111'1. L11'! 1 1 . J. .. ■ * ...■Am .... 
Mn* *« *9*f0U íSSÍL 

0«I«IW» riu» «CTIVIT» av**rj 

U,S. Army Cold Ragions Research and 
Engineering Laboratory 

Hanover^NH 0 3755 

. ng»o«T «acuaiTv clawivic*tion 

i'nc 1 rinhi ’'led 
U. anoug 

"SSÏSSt titlí 
MOTES ON A THERMAL PROBE FOR MEASURING THE TEMPERATURE OF ICE LAÏERS 

4 OBtCNiiP ti vi Noria (Typ* •! r-ip«rt «**4f Msfustss émtvi) 

Draft Translation 
autmòhoi Tn»; MSM. miéMé mnur, um <•••■•> 

Karl Philberth 

• a(ao« T d* rã 
October 1972 

TA, TOTAL NO ON PAICS 71 NO ON MKN« 

6 
M CONTRACT OA IAANT NO 

» NNOJlC T NO 

•A. OAIOINATOA’* A|AOAT NUMVIAlU 

CRREL Draft Translation 365 

b. OTMIR NK no A t NO<>) (Any oth— ni—»Ars tmmy bm •••Iffd thf report) 

10 Ol • T NI lU T ION tTATIMCNT 

Approved for public release; distribution unlimited. 

h »uV^LBMaMritav Mora* ' ■ a. aaoNsoaiNa Mii-iT*nv activity 

tt nãnrrr 

When a thermal probe is thrust down into ice, it disturbs the ambient 
temperature. In order to measure the original temperature only 1 hour 
after such heating, a special device is suggested: the thermometer is 
placed in the point of a bar below the head of the probe. 

1L. KEY WORDS 

Ice 
Temperature 
Thermal probe 
Thermometer 

1 
DD ,^-1473 KSiisn.'ss.'j.v'““ it 

Unclassified 
iamrtt/äMalliSSr 



DRAFT TRANSLATION 365 

ENGLISH TITLE: 

FOREIGN TITLE: 

AUTHOR: 

SOURCE: 

NOTES ON A THERMAL PROBE FOR MEASURING THE TEMPERATURE 
OF ICE LAYERS 

REMARQUE SUR UNE SONDE THERMIQUE POUR MESURER LA 
TEMPERATURE DES COUCHES DE GLACE 

K. Philberth 

Compte Rendus de l'Academie des Sciences. 
295122):3022-3024, Paris. " 

Translated by U.S. Joint Publications Research Service for U.S. Army 
Cold Regions Research and Engineering Laboratory, 1972, U p. 

NOTICE 

The contents of this publication have been translated as presented in 
the original text. No attempt has been made to verify the accuracy of 

any statemented contained nerein. This translation is published with a 

minimum of copy editing and graphics preparation in order to expedite 

the dissemination of information. Requests for additional copies of 
this document should be addressed to the Defense Documentation Center, 
Cameron Station, Alexandria, Virginia 22311*. 

t * 

II 



NOTES ON A THERMAL PROBE FOR MEASURING 

THE TEMPERATURE OF ICE LAYERS 

Compte Rendue de 1*Academie Karl Philberth 

des Sciences, 255(22):3022- 

3024 (French), Paris. 

SUMMARY 

When a thermal probe is thrust down into ice, it diS' 

turba the ambient temperature. In order to measure the 

original temperature only 1 hour after such heating, a 

special device is suggested: the thermometer is placed 

in the point of a bar below the head of the probo [see 

ref. (1)]. 

A number of scientific and technical reasons [2,3] make it neces¬ 
sary for us to know the temperatures of the Greenland or Antarctic 

glacier caps. Cores, however, have penetrated only to a depth of 400 

meters [4,5,6]. This is why I have already suggested a special method 

for such measurements [l]. We shall be concerned here with a probe 
built according to that concept, which can be thrust to the very bottom 

of a glacier cap to a depth of several kilometers [l]. 

To measure the virgin temperature of ice by means of a thermometer 

set in a thermal probe, you have to cut off the heat to the probe. After 

this interruption, you have to wait for a certain length of time, whose 

actual length depends upon the energy transferred to the ice by the probe 

during the heating period [l]. In cold ice this energy also includes 
the heating needed to protect the lateral walls of the probe against 

freeze-fixation. 

The energy transferred to the ice will depend on the way the probe 

is built. Suitable design for the heated head of the probe may be 

achieved by uuing a piece of solid copper in the shape of a paraboloid, 

which is In good contact for purposes of heat-transfer with the heating 
coil. If you are using alternating current, you can heat the head by 

setting up Foucault currents in its walls. To do this, you set up an 

alternating magnetic field in the ferromagnetic walls of the head, 

which is enclosed in the ferromagnetic axial core of the coil. 

Even if conditions are favorable, you have to wait several days 

after the heating cutoff, until the temperature of the probe has almost 



reached the virgin temperature. Thie is not practical when you want 
to find the temperatures at different depths. 

In the following we present a method which will make it possible 

to measure the original temperature only 1 hour after heating cutoff. 
The basic idea behind this method is the following: while a probe 

is going in, .there is in its immediate vicinity a temperature field 
which is stationary in relation to the probe. When the head of the 
moving probe rests on ice, you get the equation Shown here for the 
vertical axis: 

Tc-Tj ■ (TF - T0)f(d)e’(Cvd/Y) 

in which Tc 

T0 
TP 

f(d) 

d 

C 

Y 

V 

temperature in the stationary field 

virgin temperature 

melting temperature 

equal to or less than 1, a function which depends on 
the form of the probe 

greater than or equal to 0, the distance to the base 
from the head of the probe 

heating capacity (for example: 0.1*5 cal/'C.s.cm) 

heat conductibility (for example: O.OOh cal/'C.s.cm) 

the speed of the probe while in operation (for example: 
0.03 cm/s). 

For the values of the examples shown in parentheses, Tc - Tq Is 
negligible for d equal to or greater than 3 cm; in other words, the 

temperature is disturbed only in the space of a few centimeters below 
the moving probe. 

In order to get the temperature below the probe, a vertical bar 

is attached to the head of the probe. The thermometer is set at the 
tip of that bar. You can use a movable bar, which is deployed only 
while the temperature is being measured. The arrangement with a fixed 

bar is simpler, though. Now, while the probe is moving, the fixed bar 

must steadily penetrate the ice, and it must be protected against freez¬ 

ing. This can be done by rotation or vibration or — and this is 

particularly simple -- by heating. Even a very slight degree of heating 
will suffice. If, for example, C, Y, and v have the values ohown in 

the examples above, if T0 » -25'C and if the diameter of the fixed bar 
is 0.1» cm, 1.3W will be enough to melt the ice at the top of the bar 

and a dozen watts will be enough to protect the lower part of the bar 

up to a length of 10 cm against freezing; even »maller power levels 
are adequate to protect the higher parts of the bar. 

The period of measurement begins with the simultaneous cutoff of 
head from the probe proper and the fixed bar. If you assume that the 
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dleaet«r of the probe and the bar are 

propertiee of the ice are independent 

reduced to zero and that the 

of the temperature, you find: 

Tp - Tq « AT 
ci/g • 

(^7)372 
z«0 i »0 

1 
(t+t)3/2 

C(ztVT2) 
"•»yU+'t) h 

e dt dz 

in which Tp ■ temperature reading in the tip of the fixed bar 

t ■ time after heat cutoff 

z ■ distance upward from the tip of the bar 

To»C,Y,v ■ explanations and sample values given above 

q(z) ■ the power per unit of length, for a roaJ bar diameter 
of 0.U cm and for -30'C £ Tq <_ - 10'C, for example: 

6W/cm for 0 cm < z < 1 cm (tip of the bar) 

IW/cm for 1 cm < z & Uo cm (lateral walls of the bar) 
50W/cm for Uo cm < z S 50 (head of the probe) 

3W/cm for 50 cm < z i 190 (lateral walls of the probe) 

For sample values, Delta T is shown in the figure. 

AT is the difference between the temperature at the top of the bar and 

the virgin temperature; t is the time since heat cutoff; AT » ATp + 

ATfc ♦ ATt + AXb» with the latter values representing, respectively, the 
effect of the tip and lateral walla of the bar and the tip and lateral 

walls of the probe. 
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The temperature T can be meaeured by means of a resistance ther¬ 
mometer which is found in the tip of the bar. If Tq ia close to the 
melting point of the ice, you get very accurate readings by measuring 
the difference between Tp and the temperature of the probe head, since 
the head remains at the melting point for some time after the heat has 
been cut off. This measurement of the teruperature difference is simple 
to do since the bar is made up of layers of different metals which act 
as thermoelectric elements. 
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