
THEORETICAL FUNDAMENTALS OF A NEW JET THERMAL MODULE WITH 
IMPROVED ENERGY PERFORMANCE AND ITS DEVELOPMENT 

 
A.A Yakovlev, c.t.s., Y.S.Sarkynov, c.t.s.,  B.A.Assanbekov, c.t.s., B.A.Zulpykharov, PhD student, undergraduate N. Saparov,  KazNAU, 

Almaty city, Kazakhstan 
 

Abstract: The theoretical fundamentals of the new technology water heating by thermal jet module were substantiated. Formulas for 
determining the energy parameters of the thermal module by heating the water were given. The main advantages and disadvantages of 
previously developed heat generators were shown.  
A design for a new thermal jet module with improved energy parameters and advanced capabilities of its use was created on the basis of 
theoretical research. 
A new developed structural and technological scheme of thermal jet module was given, which in comparison with analogues has advantages 
in improving energy performance . 
The proposed construction of a thermal jet unit has a scientific and technical novelty , enhances energy performance  increasing the 
efficiency of the use of the cumulative effect of water heating by friction counter opposing layers of water of rotational and translational 
motion , friction forces of moving jets of water and air at different speeds , and heat transfer when exposed air to water with generated 
vacuum and cavitation. 
Keywords: Thermal jet module, water heating, heat quantity, efficiency, power output, useful energy, expended power, expended energy, 
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Theoretical fundamentals of the new technology of water heating 
in accordance with the developed  scheme using a thermal jet 
module is to determine analytical relationships between the main 
energy parameters of the thermal module.  
 The known analytical dependence of revisions and 
changes were used in theoretical studies of water heating 
technology by thermal jet module, due to the distinctive features 
of the researched schemes known from the literature [1,2,3]. 

Basic parameters of thermal energy module by heating 
water: the amount of heat QT, obtained by heating the water of a 
certain mass per unit of time; useful Pп and consumed P3 power 
and useful Wn and expended W3 of energy efficiency TMη  and 
thermal module.  

To determine the energy parameters the following 
functional dependencies were considered:  

- the amount of heat produced by heating water 
  

Qт=  f (С,m, θ∆ ) , kcal (1) 
                                                                             
Where  С –ь, specific heat, kcal /kg·deg (for water С=1 kcal 
/kg·deg); 
      m – mass of heated water, kg: 
 

ρ⋅=Vm , (2) 

 
where V – volume of heated water, m3; 
      ρ  = 1000kg/m3 – density of heated water; 

       −∆θ  increase in hot water temperature, 0С: 
 

Hk θθθ −=∆  , (3) 

 
where −kH θθ , temperature of heated water, initial and final, 
0С; 

- net power РП, obtained by heating the water: 
 

РП= f ( Qт, А, t ), Вт (4) 
 

where А –mechanical equivalent of heat (А=4,2 J / Cal, or 0,427 
kgf / Cal or 427 kgf / Cal or 4200 Nm / kcal);  
       t –duration of water heating (the heat module work), s. 
      QТ  – heat quantity, obtained by heating the water, kcal; 

- useful energy WП, obtained by heating the water: 
 

WП= f ( РП,Т),  kW • h (5) 
where РП – net power, kW • h; 
      Т – time of thermal module, h; 

- consumed power Р3 by heating the water: 

РЗ= f( ρ ,g,QH, Нр, Hη ),  W (6) 

 
where ρ = 1000 k/m3 –density of heated water; 
       g = 9,81 м/s2 –acceleration of free fall; 
       QH – подача насоса теплового модуля при рабочем 
напоре pump supply of heat module by working head Нр, m3/s; 
       Нр –working head of pump, m; 
       −Hη efficiency of the pump used in the thermal module;      
       -   затр spent energy W3 by heating the water: 
 

W3 = f(Р3 , Т), kW • h (7) 
 
where Р3

 – consumed power, kW; 
      Т –time of thermal module, h; 

        -  Thermal efficiency of the module: 
 

Ƞтм= f(QТ,А, Hη ,t, ρ ,g,QH, Нр) . (8) 

 
The design of thermal jet module was worked out on the 

basis of the above mentioned theoretical assumptions that can be 
used for autonomous heating, water heating, air purification and 
technological processes at the facilities.  

Available in the world designed and patented similar 
heat generators have the same following drawbacks: 

- pressure loss through the used heating process which at 
the beginning creates the vortex flow of the heated water, and 
then its inhibition, i.e. pressure loss of the pump is artificially 
created twice,  and it is not also used in the selection of heat 
process from the atmospheric air, which leads to poor energy 
performance reducing the overall efficiency of the heat generator 
or thermo generated installation for heating various liquids; 

- pressure losses due to the used liquid in heating process 
in the form of generated acceleration, rotational movement of the 
heated fluid and its inhibition, and are not also used in the 
process removing heat from the atmospheric air , which leads to a 
deterioration in the energy parameters, i.e. reduction in the 
overall efficiency installation to heating the liquid. 

The main reasons of heat generators disadvantages are the 
design of heat generators for heating the water heating system, as 
well as for heating of various liquids. 

We are tasked with creating a new jet design of thermal 
module with improved energy performance and advanced 
capabilities of its use, for example, the possibility of using the 
used saturated water vapors , geothermal water , used gas-air 
mixtures , improving air quality ( clean from dust , solid particles 
and smells), providing ventilation and humidity inside the room , 
versatility for greenhouses for growing vegetables, ensuring all 
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necessary processes from heating, quality microclimate to 
pressure irrigation. 

The purpose of research is improving of energy 
performance to increase the overall efficiency of thermal jet 
module and expand the functionality of its use. 

This goal is achieved by the fact that thermal jet module 
containing two or more of the heat generator, tank, electric pump 
and lines connecting them, inlets of heat generators connected to 
the installed collector that connected through a pipe with electric 
pump discharge port and the outlet pipes of heat generators 
communicated with the tank, while heat source comprises a 
camera spins and the heat generating device with the inlet and 
outlet branch pipes. According to the invention, the heat 
generator spin chamber mounted to the collector with an 
asymmetrical arrangement of the diagonal branch pipes, in which 
the swirl motion of a liquid in the swirl chamber and its exit from 
the nozzle output to the heat generating device is directed 
opposite to the rotation and towards each other. A heat generating 
device is designed as a connecting pipe  and a jet ejector 
comprising a branch pipe with the active nozzle , and is 
connected via branch pipe and connecting line with an outlet of 
heat generators , the passive branch pipe of the suction nozzle 
connected through a mixing chamber and the diffuser with a 
water-heating tank and connected with the region of the vacuum 
with the atmospheric air , for example, via pipe connected to the 
vent pipe of the tank, wherein R -shaped passive nozzle is set 
inside the branch pipe of the active nozzle, communicated with 
the atmosphere through the valve. The active nozzle of the 
ejector is removable with respect to the passive nozzle adjustable 
in axial direction by, for example, adjustable shims and R -
shaped passive nozzle to the active nozzle is adjustable , e.g. by a 
threaded connection. Entrance of the reservoir is provided with a 
valve connected to the discharge port of the pump through the 
tee, which is equipped with a valve outlet for connecting the 
discharge side of the pump to the heating system. Hot water tank 
in the lower part is fitted with outlet for connection to the valve 
drain part of the heating system, and at the top with  a lid of the 
vent pipe. 

Thermal jet module contains the heat generators (Figure 
1) 1, tank 2, electric pump 3 and their connecting lines 4,5,6 , 
inlets 7 and 8 of the heat generators 1 are connected with the set  
collector 9 to the input 10 and output pipes 11 connected via pipe 
5 a discharge port 12 of the electric pump 3, and the outlets 13 
and 14 of the heat generators 1are connected to heat generating 
device 16 and further to the tank 2, and the heat generators1 
comprise a swirl chamber 15 connected by outlets 13 and 14with  
the connecting conduit 6 to the heat generating device 16 with 
inlet 17 and outlet 18. Spin chambers 15 of  the heat generator 1 
is fixed to the collector 9 with an asymmetrical arrangement of 
the diagonal branch pipes 7 and 8, in which the swirl motion of a 
liquid in the swirl chamber 15 and its  output from the output 
pipes 13 and 14 in the heat generating unit 16 is directed by 
counter-rotating and towards each other. The heat generating 
device 16 is formed as a connecting conduit 6 and the jet ejector 
that includes a branch pipe 19 with the active nozzle 20 
connected through a pipe 17 and a connecting pipe 6 with an 
outlet 13 and 14of heat generators  1, suction pipe 21 of the 
passive nozzle 22 connected through a mixing chamber 23 and 
diffuser 24 with water-heating tank 2 and communicated in the 
area of vacuum formation to atmospheric air, for example, 
through conduit 25 connected to the vent pipe 26 of the tank 2 , 
while active R -shaped passive nozzle 27 is set inside the branch 
pipe of the nozzle communicated with a valve 28 with the 
atmosphere of established collector 9 with inlet  10 and outlet  
pipes 11 connected through the conduit 5 with a discharge port 
12 of the electric pump 3 and the outlet tubes 13 and 14 are 
connected to the heat generator 1 connected to the heat 
generating unit 16 and further with the tank 2 , and the heat 
generators1 comprise a swirl chamber 15 connected with each 
other through outlet 13 and 14 by conduit 6 the heat generating 
unit 16 with an inlet 17 and outlet 18 ports. Spin chambers 15 of 

the heat generator 1 is fixed to the collector 9, with an 
asymmetrical arrangement of the diagonal branch pipes 7 and 8, 
in which the swirl  

motion of a liquid in the swirl chamber 15 and its output 
from the output pipes 13 and 14 into the heat generating unit 16 
is directed to the counter-rotating and opposite to each other. The 
heat generating device 16 is formed as a connecting conduit 6 
and the jet ejector that includes a branch pipe 19 with the active 
nozzle 20 connected through a pipe 17 and a connecting pipe 6 
with an outlet 13 and 14 of heat generators 1 ,  suction 21 of the 
passive nozzle 22 connected through a mixing chamber 23 and 
diffuser 24 with water-heating tank 2 and communicated in the 
area of vacuum formation  to atmospheric air , for example, 
through a conduit 25 connected to the vent pipe 26 of the tank 2 , 
while R -shaped passive nozzle 27 was installed inside the branch 
pipe of active nozzle, communicated through the valve 28 with 
the atmosphere. 

  
Figure 1 - Structural and technological scheme of thermal jet 
module 
 
 The active nozzle 20 of the ejector  16 and  is 
detachable with respect to the passive nozzle 22 which is 
adjustable in the axial direction , for example, adjustable shims 
29 and R -shaped passive nozzle 27 to the active nozzle 20 is 
adjustable, for example by a threaded connection 30. The input 
part of the collector 9 is provided by the valve 31 connected to 
discharge pipe 12 of the pump 3 through the tee 5 which is 
provided with outlet 32 with a valve 33 for connecting the 
discharge portion 12 of the pump 3 to the heating system pipe 34. 
The tank 2 for heated water in its lower part is provided by vent 
pipe 35 with a valve 36 for connecting the discharge pipe of the 
heating system 37 , and the top by vent nozzle 26 with the lid 38. 

Thermal jet module operates as follows: The centrifugal 
pump 3 is running through the control panel. The heated water 
from the tank 2 by a centrifugal pump 3 connected to the suction 
part through a nozzle 4 is supplied through the discharge conduit 
12 , a tee valve 5 and an open vent 31to the collector 9  and 
further through the inlets 7 , 8 and 11 it enters into the swirl 
chamber 15 of heat generator 1, in which due to the water 
pressure and tangensated inlet it is converted into rotary motion 
and via the outlet tubes 13 and 14 with counter-rotating and 
reciprocating movement toward each other under the pressure 
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applied to the heat generating device 16, where  starting in the 
connecting conduit 6 , a process of heating the water friction 
counter opposing layers of water rotational and translational 
motion.  Next, the partially heated water from the connecting 
pipe 6 is fed through conduit 17 to jet ejector 16, wherein the 
water passing through the active nozzle 20 of inlet 19 creates a 
negative pressure (vacuum) in the R-shaped passive nozzle 27 
and the air by opening the valve 28 is actively sucked into the 
nozzle 20. Jets of water and air, moving at different speeds 
through the nozzle 20 and then through the mixing chamber 23 
due to friction forces a kinetic energy of water converted into 
heat and the water is heated. Simultaneously, water jet and air 
exiting from the nozzle 20 creates a passive nozzle 21in the slot 
opening  of the ejector vacuum (vacuum), which sucks the air 
through intake pipe 25 from the room, which together with a jet 
of water movement, giving heat to the water, it enters the tank 2. 
In the tank 2 the air is separated from the water and the  part is 
sucked into the jet ejector 16. 

Thermal jet after water heating unit is connected to the 
heating system via a drain pipe 32, valve 33 and conduit 34 to 
the pressure line and through the tank 35 of the tank 2, the valve 
36 and conduit 37 to the return line. Operation of the pump 3, 
heat generators 1, jet ejector 16 and the heating system is 

regulated by valves 31,33, 36 and 28 by throttling and monitored 
by pressure gauges 39 and 40. 

Thus, the proposed construction of a thermal jet unit has 
a scientific and technical novelty, enhances energy performance  
increasing the efficiency of the use of the cumulative effect of 
water heating by friction counter opposing layers of water of 
rotational and translational motion, friction forces of moving jets 
of water and air at different speeds and heat transfer when 
exposed air to water with generated vacuum and cavitation. 
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