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ABSTRACT 
Investigation of temperature factors during well drilling is gaining momentum in connection with the 

introduction of new modern technical means and drilling technology, the use of compressed air to clean 

the bottom from cuttings, an increase in the volume of drilling operations, an increase in bottom hole 

power and well depths. 

Heating of diamond drill teeth to 650 ℃ causes polishing of their cutting edges, and heating to 800 ℃ 

and above causes cracking and falling out of diamond grains from the matrix of the rock-cutting tool, at 

diamonds heating temperature up to 600 ℃ their microhardness decreases by 30%, to 1000 ℃ - by 60%. 

This leads to premature failure of diamond bits, that is, to an increase in the cost of drilling. High 

temperatures of the drilling tool create emergency situations in the form of burning diamond bits, the time 

spent on elimination of which is 8/10%. 

This article examines the influence of the temperature regime of rock cutting tools on the drilling 

efficiency and considers the main directions of improving the temperature regime to increase the energy 

efficiency of drilling wells with blowdown. 
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INTRODUCTION 

When drilling wells, temperature factors negatively affect the operation of the drilling tool through high 

contact temperatures with irreversible consequences such as deformation of the matrices, destruction of 

diamonds, grinding and salting of their working surfaces, a decrease in the hardness of diamonds and 

burns of the tool. 

When drilling wells in rocks, rock destruction is accompanied by significant heat release, since about 1% 

of the mechanical energy supplied to the bottom is spent on rock destruction itself, all the rest of the 

energy is dissipated in the form of heat (Gorshkov and Gorelikov, 1992). 

The effect of the temperature factor becomes most noticeable when using low heat capacity and low heat 

conduction cleaning agents, such as compressed air and aerated liquids. 

Failure to comply with optimal temperature conditions leads to thermal deformations of drill diamonds, 

which lead to grinding of the cutting edges and cracking from thermal stresses with possible precipitation 

of grain fragments from the matrix. 

The process of drilling hard rocks is accompanied by high contact temperatures, which cause a decrease 

in the abrasive qualities and microhardness of drill diamonds and thereby contribute to the development 

and mechanical deformation (Gorshkov and Gorelikov, 1992). 

In the process of drilling hard rocks, temperature deformations occupy a predominant position, which 

means that when such rocks are destroyed with diamond tools, it is necessary to take into account the 

effect of the temperature factor. It is obvious that the increase in efficiency is directly related to ensuring 

the temperature regime during well drilling. 
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MATERIALS AND METHODS 

Heating and cooling of a working rock cutting tool is determined by the power for breaking the rock and 

friction at the bottom hole, by the thermophysical properties of the rock being traversed, the material of 

which the tool is made, the circulating flushing medium and its consumption per unit time. According to 

L.A. Schreiner, the physical efficiency of rock destruction during mechanical drilling does not exceed 

0.01, i.e. less than 0.01% of the total energy consumption is converted into surface energy, the rest is 

dissipated in the form of heat (Kudryashov and Kirsanov, 1990).   

When drilling with flushing, the required flow rate of flushing fluid is traditionally determined only from 

the condition of bottom hole cleaning and transportation of cuttings, since it is obviously sufficient for 

reliable cooling of the drill bit or bit even in forced modes. The increase in the temperature of any drilling 

fluid Δt as a result of cooling the rock cutting tool is tenths of a degree. 

The most unfavorable conditions for cooling the tool, especially diamond, when drilling with air blast due 

to the low mass flow rate, very low density and approximately 4 times lower than that of water, specific 

heat (at constant pressure). 

Cooling conditions for drill bits and bits while drilling with blowdown are significantly worse than when 

using gas-liquid systems. Normalization of the temperature regime of the rock cutting tool during drilling 

with blowdown is possible due to the expansion of the passage channels and annular gaps, increasing on 

this basis the mass flow rate Gg at moderate speeds of air movement and its forced cooling (Kudryashov 

et al., 1991).  

The issues of forecasting and regulating the thermal regime of the wells being drilled were studied in 

detail by the professor of the Leningrad Mining Institute B.B. Kudryashov, for the first time he obtained 

the analytical formula (1) for calculating the heating temperature of the end of the annular bits during 

drilling with blowdown. As a measure of the heating of the drilling tool, the average temperature can be 

taken at an insignificant depth in the edge part of the bit, where individual temperature fields developing 

from the currently working hard-alloy cutters or diamonds merge into a common temperature field. The 

calculation formula for determining the average temperature of the end face of a working ring crown has 

the form (Kudryashov and Yakovlev, 1987): 

 

   
    

                  
    

  

 
   

    
    ,    (1) 

Where   - coefficient of thermal conductivity of the crown material, Watt/h (м ℃);    and    – heat 

transfer coefficients, respectively, in the gaps between the bit and the core, between the bit and the 

borehole walls, Watt/(м
2
∙℃);    and    – inner and outer diameters of the crown ring, m;    – initial 

temperature of the flushing agent (inside the core barrel above the crown) ℃; N – power consumed by the 

bit at the bottom hole, (Watt); G – mass flow rate of the cleaning agent (kg/s), cp – specific mass heat 

capacity of air, J/(kg ⸳℃),    – dimensionless coefficient of distribution of heat flows, determined from 

the expression:  

   
 

             
 ,   (2) 

where a is the thermal diffusivity, m
2
 / s (indices 1, 2 refer to the material of the crown and the rock). 

Formula (1) expresses the maximum averaged temperature at a shallow depth in the frontal part of the 

crown. If for hard-alloy crowns the concept of is conditional, then for diamond crowns and bits the 

temperature of the end has a very real value, which is confirmed experimentally (Kudryashov and 

Yakovlev, 1987). 

Formula (1) made it possible to trace the influence on the temperature of the bit end of such factors as the 

power developed at the bottom hole, the temperature of the cleaning agent on the approach to the bottom 

hole, the structural transverse dimensions of the bit, the properties of its material and penetrable rocks 

(Kudryashov and Yakovlev, 1987). In any case, drilling with air blowing, the thermal calculation of the 
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rock cutting tool should be preceded by the calculation of the pressure in the bottom hole zone to estimate 

the real air density (Kudryashov and Yakovlev, 1987). 

 
Figure 1: Calculated dependences of the temperature at the end of the annular bit on the flow rate 

of the cleaning agent 

a - carbide crown: 1 - air; 2 - clay solution; 3 - water; 

b - small-diamond bit (at the power at the bottom hole, kW): 1 - 1.85; 2 - 1.47; 3 - 1.1; 4 - 0.74; 5 - 0.37. 

 

In fig. 1 graphically shows the results of calculations using formula (1) for drilling conditions with a 

carbide bit with a diameter of 93 mm in rocks such as sandstones with positive temperatures at a power of 

N = 2 kW developed at the bottom hole and using the main types of cleaning agents: water, normal mud 

and air. In the latter case, the real air density is taken into account at a well depth of 100 m (Kudryashov 

and Yakovlev, 1987). 

Experimental data on measuring the temperature of the bits during drilling show that with air blowing the 

temperature reaches 450-500 ℃, close to calculated. In the case of drilling with blowdown, the bit face 

temperature rises so quickly with decreasing air flow that the cooling factor of the tool becomes decisive. 

In the area of the most acceptable air flow rates for the removal of cuttings of 4-6 m3 / min during hard-

alloy drilling with blowing, the cooling temperature of the bit is kept within acceptable limits. With a 

slight decrease in consumption, the temperature at the end of the crown quickly reaches 500 ℃, when it is 

already necessary to take into account the change in the properties of the material of the crown and the 

hard alloy (Kudryashov and Yakovlev, 1987). 

Analysis of the graphs shows that the temperature of the end face of the diamond bit is directly 

proportional to the power developed at the bottom hole and is in a complex dependence on the air flow 

rate. With an increase in the flow rate over 3-4 m
3
 / min, the end temperature decrease slows down. At the 

same time, pressure losses in the well circulation system, air leaks through loose connections and energy 

consumption for the compressor drive increase. Increasing the air supply over 4 m3 / min without 

changing the geometry of the crown is irrational, especially since in this case, in accordance with formula 

(3), the stagnation temperature increases tр (Kudryashov and Yakovlev, 1987). 

       
  

  
           (3) 

Where t – equilibrium temperature at the channel wall, ℃; k – dimensionless temperature recovery 

coefficient, which expresses the degree of conversion of kinetic energy into thermal energy (with 

turbulent flow around the plate k =0,89); v– average flow velocity over the channel section, m / s; cf — 

specific mass heat capacity of air, J/(kg⸳℃).  
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Analysis of formula (1) shows that there are real ways to improve the cooling of the diamond bit when 

drilling with air blast. Since the heat from the borehole spreads through the body of the crown ring and 

the core tube and is perceived by the air flow from the inner and outer surfaces, the temperature of the 

crown end will be the lower, the higher the thermal conductivity of the material, the higher the height of 

the crown ring and the denser the thread connecting it to the core tube, the internal and the outer surface 

of the crown ring (for example, due to longitudinal ribbing), the mass air flow at moderate speeds of its 

movement, which means that the larger the total area of the flushing channels and the wider the annular 

gaps. 

Formula (1) correctly reflects the main regularities of the temperature regime of the drill bit. With regard 

to diamond drilling with flushing and blowing, the validity of this formula is confirmed by experimental 

temperature measurements (Kudryashov and Yakovlev, 1987). 

An analytical study of the dependence of the equalized (at a certain depth) temperature of the end of the 

diamond bit on its radius as a characteristic of the bit heating during drilling made it possible to obtain the 

following calculation formula [5]: 

          
 

  

 

   
 

     
      

  
 

  
     ,  (4) 

Where    – dimensionless heat flow distribution coefficient; Δ - thickness of the face disk of the bit, м; 

R, R0 - outer and inner radii of the bit body, м; r - current coordinate, m; n - rotation frequency, rpm; P - 

axial load, Н;   - coefficient of thermal conductivity of the crown material, W / h (м ℃); α - coefficient 

of thermal diffusivity, м
2
/с (indices 1, 2 refer to the material of the crown and the rock); G-weight flow 

rate (for air - Gg) in kg / s; с - specific heat capacity of the cleaning agent, (for air at constant pressure - 

ср) J/Kg.℃; t1– initial temperature of the flushing agent, ℃. 

The presence of many heat sources (roller cutter teeth, ball and roller bearings, foot backs), the large 

number and complexity of the configuration of the roller bit elements complicate the analytical study of 

its temperature fields and require the selection of a certain specific area, the temperature of which during 

drilling could characterize the temperature regime of the bit in the whole. As such a section, B.B 

Kudryashov took the cross-section of the trunnions at the point of their mating with the paws, through 

which heat from the cones is transferred to the bit body, and an analytical expression for the steady-state 

temperature in the cone of the roller cone  was obtained (Kudryashov et al., 1991). 
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Where h - average paw thickness along the pivot axis, м;    ,   - cross-sectional area of the trunnion base 

and the outer surface of the paw, м
2
;   - coefficient of thermal conductivity of the crown material, W / h 

(м ℃); α - coefficient of thermal diffusivity, м
2
/с; ср– specific heat capacity of the cleaning air at 

constant pressure, J/kg∙℃; Gг– weight air flow, кг/с;           – dimensionless coefficients of power losses 

due to friction in bearings and distribution of heat fluxes in the bearing, fraction of units; N – bottom hole 

power, Вт; m - number of cones;    - specific heat of vaporization, Dj/kg; ∆W – moisture fraction of a 

unit. 

When drilling with air (gas) blast through "dry" rocks that do not contain moisture in a liquid or solid 

state, as well as when drilling with gas-liquid systems, take     , this simplifies the formula. For 

single calculations, you can take            = 0,5 (Djuraev and Merkulov, 2016) 

Lowering the initial air temperature, humidifying it in the bottom hole zone (to ensure evaporative 

cooling), and blowing out the supports can be used as methods for normalizing the temperature regime of 

a rolling bit. 

 

RESULTS AND DISCUSSION 

Currently, there are a number of recommendations for the prevention of tool burning, which basically boil 

down to monitoring the operation of the circulation system, ensuring the tightness of the drill string, and 
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choosing the minimum permissible consumption of the cleaning agent. However, a fairly high percentage 

of burns indicates their low efficiency (Djuraev and Merkulov, 2013). 

It is possible to establish a normal thermal mode of operation of the rock cutting tool by applying forced 

air cooling to a temperature sufficient to neutralize the heat released at the bottom hole. 

 
Figure 2: Calculated dependence of the temperature at the end of the annular crown (tТ) on the 

value of the initial temperature of the purge air (t1). D1 = 64 mm, D2 = 76 mm; N = 2500 W; G = 

400 kg / h; t1 varied from –20 ℃ to 80 ℃. 

 

 
Figure 3: Calculated dependence of the temperature of the trunnion of a tricone bit (tc) on the 

value of the initial temperature of the purge air (t1). N = 2500 W; G = 0.210 kg / s; m = 3; t1 varied 

from –20 ℃ to 80 ℃. 

 

In order to determine the influence of the value of the initial temperature of the cleaning air on the 

temperature regime of the rock cutting tool, a mathematical model for calculating the temperature regime 

of the rock cutting tool was built on the basis of formulas 1 and 5 in the graphic program MATHCAD. 
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To calculate the temperature regime of an annular drill bit based on formula 1, the following parameters 

were selected:   - coefficient of thermal conductivity of the crown material, W/h (m ℃);     and     – 

heat transfer coefficients, respectively, in the gaps between the bit and the core, between the bit and the 

borehole walls, W/(m
2
∙℃);    and     – inner and outer diameters of the crown ring, м;    – initial 

temperature of the flushing agent (inside the core barrel above the crown), ℃; N – bottom hole power 

(W), G – mass flow rate of the cleaning agent (kg / s), cp - specific mass heat capacity of air, J/(kg⸳℃), Кр 

– dimensionless coefficient of distribution of heat flows. 

The result of calculating the temperature regime of the annular drill bit is shown in Fig. 2. 

 

To calculate the temperature regime of a roller cone bit based on formula 5, the following parameters 

were selected: h - average leg thickness along the journal axis, m; ,   ,   - cross-sectional area of the 

trunnion base and the outer surface of the paw, м
2
;   - coefficient of thermal conductivity of the crown 

material, W/h (m ℃); α – thermal diffusivity, m
2
/s; ср– specific heat capacity of cleaning air, J/kg ∙℃; 

Gг– weight air consumption, kg / s; к1, к2 – dimensionless coefficients of power loss due to friction in 

bearings and distribution of heat fluxes in the bearing  

N – bottom hole power, Вт; m - number of cones;     - specific heat of vaporization, Dj/kg; ∆W - 

humidity of a fraction of a unit. 

The result of calculating the temperature regime of a roller cone bit is shown in Fig. 3. 

 

CONCLUSION 

The results of the calculation to determine the temperature at the end of the annular drill bit show that the 

bit temperature changes depending on the value of the initial temperatures of the cleaning air. With an 

increase in the air temperature t1, an increase in the temperature of the end of the crown tТ is observed. It 

is also observed from graph 3 that the bit temperature changes depending on the value of the initial 

temperatures of the cleaning air. At the initial air temperature t1 = –20 ℃, the trunnion temperature tc of 

the tricone bit was 229 ℃, at the cleaning air temperature t1 = 80 ℃, the bit temperature tc was 328 ℃. 

Thus, it can be concluded that the normalization of the temperature regime of the rock cutting tool is 

possible due to the provision of low temperatures at the bottom hole. 
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