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The  method of moving  hea t  sources [1, 2] is appl ied to the  ca lcu la t ion  of t empera tu re  fields in dri l l ing 

g l ac i a l  deposits with a hot d isc-shaped dri l l .  

Let us consider the  ad iaba t ic  surface of a s e m i - i n f i n i t e  body (Fig.  1), on which a plane c i rcular  heat  source of 

strength q and radius Ro begins to act  at t i m e  r = r 1 = 0 moving  at a constant ve loc i t y  v into the depths of the  body, 

which has the rmophys iea l  coef f ic ien ts  X, cy and a, and the  in i t i a l  t empera tu re  To, taken as an arbitrary zero reading.  

The  moving  source continues to act for a t i m e  r = r 0. Subsequent mot ion  of the  source takes p lace  without the  re lease  

of hea t .  It is required to de t e rmine  the  t empera tu re  f ie ld  in the  moving  coordinate  system x0yz.  If it is assumed that 

in t i m e  r 0 the  source moves  a certaif i  dis tance away from the  top boundary of the  s e m i - i n f i n i t e  body, then the  inf luence  

of this boundary on the  distr ibution of hea t  may  be neg lec ted ,  and the source can be assumed to move  in an inf in i te  body.  

We shall  find the solution of the  problem,  using the  equat ion  of the  

t empera tu re  f ie ld  for an instantaneous moving  point source of hea t  0'(x 0, 0, 

z0) of strength o a, which,  for a moving  system of polar coordinates,  may  be  

wri t ten in the  fol lowing form [3]: 

T----- q X 
8c• (~a) 3/, (': - -  El)a/' 

X e x p [ - -  RZ=+R:--2R'~zRlc~ (': - -  ~x) " (1) 

In obtaining the  solut ion for the  t empera tu re  f ie ld  due to the  moving  

c i rcular  heat  source q, the  right hand side of (1) must be  mul t ip l i ed  by R l,  

and the result ing expression in tegra ted  with respect  to ~o within the l imi t s  0 

to 2~, and also with respect  to R 1 and r I wi thin  the  l imi ts  0 to R 0 and r 1 = 0 

to r I = %, r e spec t ive ly .  

In the  genera l  case  we have  

Fig.  1. Diagram i l lustrat ing mot ion  of 

a p lane  c i rcular  heat  source in a s e m i -  

inf in i te  body. 
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Consider only  the  t empe ra tu r e  f ie ld  along the  y axis (Rxz = 0), we obtain,  af ter  in tegra t ion  with respect  to ~o and R 1, 

vy exp du T =  q e x p  - -  ~ a  - -  - ~  § nu 
1 / 7  

- -  e x p  - -  + n u  - - ~  , (a) 

f v 2 R2 
where m = n = , k ----- - -  and u = ~ - -  x 1. 

4a ' 4a  4a 

By substituting 

Xl = V + = - l / m ,  

V zl  = T + , z= - -  - 
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followed by integration of (3) by parts, we obtain the final equation of the temperature field for the period of cooling 
(r > %) in the form 

T =  q ( [ e r f  ( g + .  v]/%- ) 
2c y v i 2 [/-a-~ 2 ]/-a 

- - e f t (  "q + v V ~ - % ) ]  ( W ) 
2 1/a ('~ - -  %) 2 l / a  - -  exp - -  --a X 

X [ e r i (  V v ] / - g )  ( y 2 t/a-~ 2 V a  - err 2 V a (~ - -  %) 

2 ]/-a - -  exp 2a= X 

X erf 21/. ~ + 2 l / a j - - e f t ( 2 V a ( z - % )  

X err 2 V ~ -  2 ] / a  ' - -  

- - e rr  2 V a ( ~ - - % )  2 1 / a  )" 
(4) 

The temperature field at the end of the heating phase (r = r0) is given by the equation 

T=2cqv  {exp(---~)erfc:(2?-a.~o 

2 V a  -- erfc + - -  + 2 v ~ o  21/a- 

_ e x p [  v(R + V) R v]/-'Qo 
L (s) 

The quasi-steady temperature field (r 0 = ~) has the form 

T = 

For the temperature at the center of 

1. Cooling period (r > r0), 

( § ( )] q__5___ exp - -  1 - -  exp --.. v(R--y), for V > 0 ,  
c~v 2a 

\ 

[ _oxp I 
the source (y = 0), the following expressions are obtained: 

q 
2V-a  - - e r r  - - e x p  • 21/a \ 2a 

X erf 2 V - ~ 4 -  2V-a  - -e r r  2 V a ( ~ -  

-F 2 ] / -a  -Jr- exp 2a X 

+ 

(G) 

(7) 
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2. 

RO 

End of heating phase (r = r0), 

T = 

2] / -a-  - - e r f  2 V - a ( ~ - - % )  2 ] / a  

2cyv 
2 e r r (  v]/-~T ) 

2V7 + e x p (  2a ] X  

X erfc ( vV:o ) 
2 ] / a  Zo 2 ] / rE 

(8) 

- - e x p (  vRo e r i c (  Ro vV-% 

3. Quasi-steady phase ('r o = ~), 

T= cyq [ 1 - - e x p ( . v  vRo)].2a 

(9) 
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Fig. 2. Variation with time of temper- 
ature at center of ptane circular heat 
source (v = 0.228 m/sec ,  X = 55.1 w/m ' 
�9 degree, a = 1.31 �9 10 -3 m2/sec, AT = 
= I80~ Q = 10 kw, R0 = 0,05 m) 

The heat emitted by the source zn unit time is 

Q = qF = 

Therefore 

q ---- Q/~ R~. (11) 

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 
hot drilling of gtacial strata the quasi-steady phase begins in practice 
not when To "-~ ~, but 3 to 4 sec after the heat source starts to move�9 
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 

2~kRoT _ Q  VRo2a e x p (  V ~ ) a  X 

X [ l - - e x p (  v(R--V) 2a )] for y>O, 

2~kRoT : 2___~a [ l _ e x p  ( v(R--'g[))]for 
.Q vRo 2a 
2~:?, RoT 2a ' 

(12) 

y < 0, (13) 

- -  = ~ [ 1 - - e x p (  Q vRo v R ~  f~ 2a y = 0 .  

The main equation for calculating the process of hot drilling of glacial strata 0 
is (14), which makes it possible to calculate the power of the source Q for a given dril- 02 
ling speed v. and conversely the drilling speed for a given source power. 

The graphical relationship between the dimensionless groups 2~rXRoT/Q and 8,6 !~ 
vR0/2a is shown in Fig. 3�9 It indicates that, as vR0/2a changes from 0 to ~i the value \ 

of the quantity 2~rXRoT/Q decreases from 1 to 0, respectively. For constant R 0 and Q, 0,4 
an increase in v always causes a decrease in source temperature T, and vice versa�9 

-NOTATION 

r - time; r o - time of action of heat source; q - strength of plane circular 
source; ql - strength of point heat source; R0 - radius of plane circular source; R 1 = 

V x0 2 @y~ - position radius of point heat source; v - velocity of source(drilling 

(14) 

02 

0 
Fig. 3. 
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Graph Of the relation 

2~r RoT [VRo 1 Q - f  \ 2a /  
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speed); k - thermal conductivity; cy - heat capacity per unit volume; a - thermal diffusivity; To - ini t ia l  temperature 

of material;  Z~T = T - T O - instantaneous temperature difference; erfc  (x) = 1 - erf (x), where erf (x) = 

S 

'S exp (--xi)dx 

0 

is the Gaussian error function; x, y, z is the moving system of coordinates, R = ] / - ~  

2 
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