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1. Introduction  

 
The problem of decreasing a mass and size of heat exchangers is urgent. Enhancement 
of convective heat transfer processes is a promising means for solving this problem. It 
should be noted that use of heat transfer enhancement enables solving some other, no 
less important problem, such as lowering maximum temperatures of heat exchanger 
working surfaces, improving the operational reliability, and reducing the fouling and 
other contamination.  
 
At present, different methods of convective heat transfer enhancement in heat transfer 
channels have been proposed and studied These include flow turbulators on a surface, a 
rough surface, a developed surface due to fining, flow swirling by spiral fins, worm 
devices, swirlers mounted at the channel entrance, gas bubble mixing in the liquid flow, 
mixing of particles or liquid drops in the gas flow, rotation of a heat transfer surface, 
surface vibration, heat carrier pulsation, action of an electrostatic field on the flow, flow 
suction from the boundary layer. Use of jet cooling systems is a means for heat transfer 
enhancement in single-phase heat carrier flow. 

 
2. Statement of the problem 
 
At the Moscow Aviation Institute (Russia) the high-effective method was developed to 
enhance heat transfer in tubular heat exchangers, and comprehensive studies were made 
of the efficiency of this method when applied to gas and liquid flow in tubes, circular 
channels, and in tube bundles over a wide range of performance parameters. The 
essence of the method proposed is as follows. Equidistant annular grooves are rolled on 
an outer surface of a heat transfer tube. In this case, the annular smooth-wall 
diaphragms are formed over on an inner tube surface. Annular grooves and diaphragms 
swirl the flow in a wall layer and provide heat transfer enhancement outside and inside 
the tubes (Figure 1).  
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Figure 1. A tube with annular turbulators 
 
The outer diameter of the tubes does not increase, which permits their use in compact 
bundles and does not require change in the existing way of assembling heat exchangers. 
The technology worked out for manufacturing knurled tubes is not complicated and 
makes use of standard equipment. The knurling cost is not more than several percent of 
that of the tubes. Knurling can be done at a rate of one to two meters per minute using a 
facility installed on a lathe. A special facility provides knurling at a rate of 9 m/min. 
 
The tubes with annular turbulators can be installed in heat exchangers using gases and 
liquids with boiling and condensation of heat carriers; that is, they possess the versatility 
required for practical applications. Moreover, as shown below, these tubes are less 
susceptible to fouling. Thus, tubes with annular turbulators satisfy virtually all of the 
requirements necessary for their widespread practical application. Use of the developed 
method for heat transfer enhancement permitted both the 1.5÷2.5 –fold reduction of a 
heating surface, at present heat power and pumping power of heat carriers as well as the 
improvement of the performance parameters of heat exchangers due to reducing fouling. 
 
- 
- 
- 
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