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ABSTRACT 

In the field of drilling exploratory wells, which is very important for ensuring the mineral resource base of 

the national economy, the rational use of gaseous cleaning agents instead of washing liquid is one of the 

promising areas of scientific and technological progress. The practice of drilling has proved that the use 

of compressed air as a cleaning agent increases the mechanical drilling speeds significantly and reduces 

the time required to eliminate geological complications, which greatly raises the productivity and 

efficiency of drilling operations. 

Drilling by air purification is effective in the most unfavorable conditions for liquid washing: when 

drilling in the areas of significant loss of circulation, in difficulties with water supply, in high altitude or 

difficult terrain, or in areas with harsh climates. However, air has a low heat capacity in comparison with 

liquid washing solutions, thus, a negative effect of the temperature factor arises, which affects the work of 

the rock cutting tools through high contact temperatures with irreversible consequences such as matrix 

deformation, diamond destruction, grinding, reduction of diamond hardness and burning of the tool. 

Thus, to prevent these problems, there is a need to develop technical means and technology to effectively 

ensure the temperature regime of the well. 
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INTRODUCTION 

At present, one of the progressive and highly effective methods of drilling under certain conditions is 

drilling wells with air and other gaseous agents. The essence of this method is that a gaseous agent, 

particularly compressed air, is used to clean the bottom of the drilled rock. 

The practice of drilling has proved that the use of compressed air as a cleaning agent provides a 

significant increase in the mechanical drilling speeds and reduces the time required to eliminate 

geological complications, which greatly increases the productivity and efficiency of drilling operations. 

Air-purged drilling is effective in the most unfavorable conditions for liquid washing: when drilling in 

areas with significant circulation losses, with difficulties with water supply, in high altitude or difficult 

terrain, or in areas with harsh climates. 

However, air has a low heat capacity in comparison with liquid washing solutions, thus, a negative effect 

of the temperature factor arises, which affects the work of the rock cutting tool through high contact 

temperatures with irreversible consequences such as matrix deformation, diamond destruction, grinding, 

reduction of diamond hardness and burning of the tool. In the contacts of bulk diamonds with a face 

during the destruction of hard rocks, temperatures of 600-800 ℃ and higher arise, causing a decrease in 

the abrasive qualities and micro hardness of diamonds by 30-60% from the initial values (Kudryashov 

and Kirsanov 1990). 

 

MATERIALS AND METHODS 

Thermal deformations mean irreversible changes in diamond grains that appear after exposure to high 

contact temperatures, in the presence of which diamonds partially or completely lose their abrasive 

qualities. In drilling processes, thermal deformations are manifested in the form of grinding of the cutting 

faces of crystals, cracking along cleavage planes or twinning due to temperature stresses, decrease in 
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hardness and abrasive ability of drill diamonds. The effect of the temperature factor is most prominent 

when using compressed air to clean the face, since air has a low heat capacity (Kudryashov B.B, Kirsanov 

A.I. 1990). 

One of the effective means of maintaining the temperature regime of the well during drilling with air 

purging is the use of air cooled to negative temperatures as a cleaning agent. Applied refrigeration units 

for air cooling are quite expensive and energy-intensive. 

The use of a vortex tube in which the Rank effect occurs as a refrigeration unit when drilling wells with 

air purge is probably more efficient, at the same time, and cost-effective installation for cooling purge air 

(Dzhuraev and Merkulov,  2013). 

The vortex effect, or Rank's effect, consists in the fact that if a tangentially swirling gas stream is fed into 

the pipe, then under certain conditions temperature separation of the gas will occur. A colder stream is 

formed in the center than at the periphery, and gas will exit through the central opening of one of the pipe 

ends, the temperature of which will be much lower than at the inlet. The peripheral gas layers having a 

higher temperature will exit through the throttle hole from the other end of the pipe (Dzhuraev and 

Merkulov,  2013). 

Such a vortex tube design was called counter flow. As the throttle is covered, the overall level of pressure 

in the vortex tube increases, and the flow rate through the orifice plate increases with a corresponding 

decrease in the flow rate of the hot stream. 

The most common classical type is a countercurrent vortex tube (Figure 1), which performs the selection 

of hot and cold flows from opposite ends of the pipe, called, respectively, hot and cold (Merkulov, 1969). 

In general, the design of the vortex tube consists of a casing 3, in the annular cavity of which a tangential 

rectangular channel with a width of b and a stand of h is sawn. On the outside of the rectangular channel 

to the body soldered fitting for the supply of compressed air. A flanged tube 1 with a strictly cylindrical 

polished inner surface of diameter D is installed in the annular cavity of the casing, and then a cochlea 4 

that cuts it (the dimensions of which coincide with the rectangular channel of the casing) coincides with 

the channel, forming a nozzle inlet. A diaphragm 5 with a hole Dg and a sealing gasket 10 moved by a nut 

6 are inserted into the same cavity of the housing. At the opposite end of the tube 1, at the distance L from 

the cochlea, a four-blade crosspiece 9 and a throttle 8 are tightly installed. 

 
Figure 1: Vortex tube design. 

1 - tube, 2 - nut, 3 - body, 4 - snail, 5 - diaphragm, 6 - nut, 7 - tube, 8 - throttle, 9 - crosspiece, 10 – gasket 

Drilling air cooling is usually performed on the surface by refrigeration units. Yet, since air has a low heat 

capacity and when it is supplied through drill pipes whose heat conductivity is high, air at initial depths of 

30–40 meters acquires a temperature close to the temperature of the rock. Therefore, in order to better 

cool the drill bit, it is promising to use a vortex tube as a refrigerator built into the drill (Figure 2). 
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The vortex tube is small in size and has no moving parts, which makes it possible to use it as a bottom-

hole cold generator when drilling wells (Dzhuraev R.U., Merkulov M.V. 2016). 

When the vortex tube is located above the core tube (Fig. 2), the compressed air from the compressor 1 

through the drill pipes 4 flows into the vortex tube 6, where it is divided into cold and hot flows. The cold 

stream is directed inside the core pipe 7, gets to the bottom and along a narrow annular gap between the 

walls of the well and the core pipe goes up, transporting the slurry from the bottom. Hot air is discharged 

directly into the wide gap between the walls of the borehole and the drill pipes, where it mixes with the 

cold stream. 

 

 
Figure 2: Scheme of the air flow when the vortex tube is located above the core tube. 

1-compressor, 2-water separator, 3-swivel, 4-drill pipe, 5-sealant, 6-vortex pipe, 7-core pipe, 8-sludge 

trap 

The professor of the Leningrad Mining Institute, B. B. Kudryashov, dealt in detail with the temperature 

regimes during geological exploration drilling with air face cleaning, he proposed a relationship that 

allows you to determine and predict the temperature in the drill string and in the annular channel of the 

well, depending on any depth h at the currently final depth H (Dzhuraev and Merkulov 2016). 

Analytical expressions (1) and (2) make it possible to determine the temperature at any point in the “drill 

pipe - annulus” system at any time from the start of circulation, with a known final well depth N. These 

dependences are applicable for any type of flushing medium (clay and others solutions, water, air, foam) 

both in the case of its cooling and in the case of heating (for example, during deep drilling) (Kudryashov 

and Kirsanov, 1990). 

Analytical expressions are of the form: 

for the outflow in the drill string 

      
       

         
  

  
   ; (1)  

where   
    

     

 
          

    
     

 
;    

for upward flow in the annular channel 

      
       

         ;        (2) 
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Where t1н – flushing medium temperature °С, of drill pipe; T0 – conditional constant surface temperature, 

°С (neutral temperature); σ – geothermal gradient °С/m; h – well depth (current coordinate), m; H – final 

depth, m; D - well diameter, m; k – the heat transfer coefficient through the wall of the drill string, 

referred to the unit length of the pipe, W / (m ∙ ° C).G-weight flow (for air - Gг) inkg/s; с – specific 

gravity of the cleaning agent, (for air at constant pressure – ср) J / kg ∙ ° С;   - non-stationary heat transfer 

coefficient in W / m
2
 ∙ ° С;ε–rock deformation, Н/m

2
; i1, i2 – dimensionless hydraulic slope; g – 

gravitational constant, м/с
2
; Δtз – the increase in air temperature in the bottomhole zone of the well, ° C. 

 

RESULTS AND DISCUSSION 

We calculated the temperature regime of the well during drilling with cleaning the bottom of the air and 

when the vortex cooler is located in the composition of the drill over the core pipe in the Mathcad 

program using its graphical interface based on formulas 1 and 2. 

Calculation parameters: well with a diameter of 76 mm with air consumption of 400 kg / h; length of core 

pipe L = 5 m; sandstone type rock at δ=2600 kg/m
3
; cп=1,05∙10

3
; λп=1,86 W/(m∙°С); rock temperature 

Тп= 10°С; downhole power 2,5 kW.  

The results of the calculations made in the Mathcad program are presented in Figure 3. 

 

 
 

Figure 3: Graph of temperature distribution when installing a vortex tube in the composition of the 

drill over the core pipe, 1- in the core pipe and 2- in the annular channel, G=400 kg/h, Hк= 5 m, τ=2 

h. 

On the graph (Fig. 3) there is an intense increase in temperature, at the initial temperature tн1 = –20 °Сand 

air flow rate G = 400 kg / h at a finite depth, the temperature in the core pipe is 1 ° C, and in the annular 

channel 11 ° C. 

Based on the calculation results for determining the temperature regime of the well shown in the graph 

(Figure 3), it can be concluded that the use of chilled purge air significantly reduces the temperature in the 

well, which creates favorable temperature conditions for the work of the rock cutting tool, preventing the 

negative effect of high temperatures on bottom hole. 

The best cooling at the bottom can be achieved by installing a vortex tube in the composition of the drill 

over the core pipe. But in this case, there is a need to develop a reliable design of the downhole drill, 

ensuring uninterrupted operation. 

We propose the following design of a core projectile with a removable core receiver including a vortex 

tube (Figure 4). 

 

A core projectile with a removable core receiver including a vortex tube works as follows. 

When drilling a well, compressed air through the hole for flushing fluid 2 and through the inner pipe 5 is 

supplied to the diaphragm 11 of the vortex tube 10 and is twisted in it. The flow of compressed air when 

passing through a vortex tube is divided into two streams, a stream of cold and hot air. The flow of cold 
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air flows from the hole for the exit of the cold air stream 12 and through the annular gap passes to the 

bottom of the well to carry the products of destruction into the annulus while cooling the drill bit 19. 

 

 
 

Figure 4: Column projectile with a removable core receiver. 

1-Outside; 2- hole for flushing fluid; 3-latch; 4- Locking unit; 5-Inner pipe; 6-Sealer; 7-tangential 

openings on the core tube to exit the hot air stream; 8-core self-spell alarm; 9-Nuts; 10-vortex tube; 11- 

Diaphragm (input for compressed air); 12- A hole for an exit of a cold stream of air; 13-throttle hot 

outlet; 14-tangential opening for the exit of a hot air stream; 15- Bearing unit; 16- Outer pipe; 17- 

Expander; 18-core ring; 19-drill bit. 

 

Hot air from the vortex tube through the tangential hole for the exit of the hot air stream 14 flows into the 

annulus and then through the tangentially ejector hole to exit the hot air stream 7 flows into the annulus.  

CONCLUSION 

Since the openings 7 (Figure 4) are made tangentially ejector, it creates a vortex movement in the annular 

annular gap, which allows ejecting a cold stream with fracture products, which improves the cleaning of 

the face and favorably affects the cooling of the crown, since the energy costs for re-grinding rock 

particles are reduced. This embodiment of the core projectile with a removable core receiver can increase 

the durability of the drill bit. 

Thus, the use of chilled purge air significantly reduces the temperature in the well, which creates 

favorable temperature conditions for the work of the rock cutting tool, preventing the negative effect of 

high temperatures on the bottom of the well. 
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