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The method of moving heat sources [1, 2]is applied to the calculation of temperature fields in drilling
glacial deposits with a hot disc-shaped drill.

Let us consider the adiabatic surface of a semi-infinite body (Fig. 1), on which a plane circular heat source of
strength q and radius Ry begins to act at time 7 =74 = 0 moving at a constant velocity v into the depths of the body,
which has thermophysical coefficients \, cy and a, and the initial temperature Ty, taken as an arbitrary zero reading.
The moving source continues to act for a time T = 7. Subsequent motion of the source takes place without the release
of heat. It is required to determine the temperature field in the moving coordinate system x0yz. If it is assumed that
in time 7y the source moves a certain distance away from the top boundary of the semi-infinite body, then the influence
of this boundary on the distribution of heat may be neglected, and the source can be assumed to move in an infinite body.

We shall find the solution of the problem, using the equation of the
temperature field for an instantaneous moving point source of heat 0'(xq, 0,
zp) of strength qq, which, for a moving system of polar coordinates, may be
written in the following form [3]: :
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In obtaining the solution for the temperature field due to the moving
circular heat source ¢, the right hand side of (1) must be multiplied by Ry,
and the resulting expression integrated with respect to ¢ within the limits 0
to 2, and also with respect to Ry and 7; within the limits 0 to Ry and 1y = 0
to 7y = Ty, respectively.

Fig. 1. Diagram illustrating motion of
a plane circular heat source in a semi-
infinite body.

In the general case we have
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Consider only the temperature field along the y axis (Ry, = 0), we obtain, after integration with respect to ¢ and Ry,
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By substituting

Xy = l/—-]—]/nu Ko = l/-.———-V’W
= l/g—kl/ﬁ H 2= 1/:5~Vl:tﬁ—

76



followed by integration of (3) by parts, we obtain the final equation of the temperature field for the period of cooling
(r > 7p) in the form

T = 9 [ PR UVF: ) —_—
2cyv | [erf( 2Vax | 2Va )
— erf Yy ] U]/'tj'co)}__ _____Zi!_/_
© (2Va(r~*t0) T va exp a ) X
iy oV o4y
X[er ( 2Vax 21/5) erf(fZVa(w%)
Vs H_exp( v(R—4) )x

2V a 2a
R oVx ' R
X[e”(zva‘f +2va—>”erf(m+

L OVE—w (_M <
i 2]/5 T exp 2a >/\

et (57— zK) -

e -]

The temperature field at the end of the heating phase (1 =7;) is given by the equation
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The quasi-steady temperature field (1, = ) has the form

T= 12 exp (___v;y_) [l—exp(—-M)] for y =0, (6)
cyv a 20
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For the temperature at the center of the source (y = 0), the following expressions are obtained:

1. Cooling period (T > 7y),
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2. End of heating phase (7 = 1y),
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3. Quasi-steady phase (rp = =),
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T The heat emitted by the source in unit time is
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Therefore
80
. 2
g = Q/m Ro. (11)
40% The results of calculation of temperature T at the center of the
source (y = 0) from (9) and (11) are given in Fig. 2, and show that in
P > % 3 3 To hot drilling of glacial strata the quasi-steady phase begins in practice

not when 7y = %, but 3 to 4 sec after the heat source starts to move.
We may therefore use (6), (7), and (10) for practical calculations with
a sufficient degree of accuracy. Taking into account (11), these ex-
pressions take the form

Fig. 2. Variation with time of temper-
ature at center of plane circular heat
source (v = 0,228 m /sec, A = 55.1 w/m *
- degree, a = 1,31 » 107 m%/sec, AT =
= 180°C, Q = 10 kw, Ry = 0.05 m)
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The main equaticn for calculating the process of hot drilling of glacial strata l_ﬂ_o__g_
is (14), which makes it possible to calculate the power of the source Q for a given dril- 28
ling speed v, and conversely the drilling speed for a given source power. X : |
j
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The graphical relationship between the dimensioniess groups 2mARyT/Q and
VRy/2a is shown in Fig. 3. It indicates that, as vRy/2a changes from 0 to w; the value \
of the quantity 2m\RT/Q decreases from 1 to 0, respectively. For constant Ry and Q, b \\
an increase in v always causes a ‘decrease in source temperature T, and vice versa. '
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NOTATION _ _
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T ~ time; Ty — time of action of heat source; q — strength of plane circular Fig. 3. Graph of the relation
source; gy — strength of point heat source; Ry — radius of plane circular source; Ry =

o R()T B f <URO)

aly x2 -yt — position radius of point heat source; v — velocity of source (drilling Q 2

—
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speed); A — thermal conductivity; cy — heat capacity per unit volume; @ — thermal diffusivity; Ty — initial temperature
2

of material; AT = T — T, — instantaneous temperature difference; : ‘erfc (x) = 1 — erf (x),  where erf (x) = s .
: T

%

-S exp (—x%)dx is the Gaussian error function; x, y» 2z is the moving system of coordinates, R = VR% + 9.

0

REFERENCES
1. N. N, Rykalin, Calculation of Thermal Processes in Welding [in Russian], Mashgiz, 1951,
2. N. N. Rykalin, DAN SSSR, 25, No. 3, 1959,
3. S.S. Silin, IFZh, No. 12, 1963,
4. V, S. Chitkin, Thermal Conductivity of Industrial Materials [in Russian], Mashgiz, 1962,

22 February 1964 Evening Institute of Aviation Technology, Rybinsk

79



