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Abstract 

The system works by using the soil warmth, i.e. a renewable 

source of energy and contributes to environmental protection. 

The results of theoretical and experimental studies of an 

energy-saving ventilation system using soil heat are presented. 

The use of an energy-saving ventilation system reduces 

energy and labor costs for creating a microclimate in sheep 

premises. The device of an energy-saving ventilation system 

is protected by the patent of RK KZ 26930 dated 15.07.2016 
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1. INTRODUCTION 

 Rational use of fuel and energy resources is one of the 

world's global problems today. One of the promising ways to 

solve this problem is the use of new energy-saving 

technologies using non-traditional renewable energy sources.  

The range of applications of renewable energy sources on 

farms is quite wide: this includes heating or cooling buildings, 

drying agricultural products, desalination or heating water, 

and even autonomous energy supply [1]. 

The advantages of such energy sources are environmental 

cleanliness and low labor and money costs for the operation of 

installations for their use. The solution to the problem of 

energy saving in agricultural ventilation systems is the 

effective use of low-potential soil heat. The soil of the surface 

layers of the Earth is actually a thermal accumulator of 

unlimited capacity, the thermal regime of which is formed 

under the influence of solar radiation. Low-potential heat of 

the Earth can be used in agricultural premises for heating, hot 

water supply, air conditioning (cooling). 

There are a number of examples of the use of soil heat for 

heating and cooling livestock premises through underground 

air ducts and heat exchangers. They have saved from 50 to 

75% of the cost of heating and cooling the premises [1-12]. 

The study of these examples allowed to develop an energy-

saving ventilation system for sheep premises . 

Figure 1 shows the functional scheme of the ventilation 

system; Figure 2 - section on A-A of Figure 1; Figure 3 - 

block scheme of the control of the electric motor and control 

valves of the supply air ducts and air funnel, spray and 

closers. 

 

 

 

Figure 1: Functional scheme of the ventilation system 
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Figure 2: Section on A-A of Figure 1 

 

 

Figure 3: Block scheme of control of the electric motor and 

control valves of the supply air ducts and air funnel, sprayer 

and closers 

 

Ventilation device (Fig. 1) contains an air inlet duct 1 

equipped with a fan 2 and an electric motor 3 and a water 

sprayer 4, an air funnel 5 with a control valve 6 and supply air 

ducts 7,8 with control valves 9 air outlets 10 to a ventilated 

room 11 with temperature closers 12, connected by means of a 

pneumatic lock 13 with an air inlet duct 1 and placed in the 

soil below the freezing mark of the latter and a program 

climate controller 14 with temperature sensors 16, 17, 19,20 

and speed 15, humidity 18, connected to the electric motor 3 

of the fan 2 by the control valve 6, 9 of the air funnel and 

supply air ducts 7, 8 and the spray 4 and closers 12 of the 

temperature. 

The device contains two supply air ducts 7, 8 to ensure the 

continuity of the supply of heated air to the room 11 while 

charging one of them. 

Assembly and manufacturing of the ventilation device is 

carried out from prefabricated modular elements selected in 

accordance with the volume of required ventilation air and the 

type of agricultural premises. 

In the cold period of the year, heavy fresh air flows into the 

air inlet duct 1 and enters the open air duct 7 through the air 

lock 13, contacts the surface of its walls, is heated by the soil 

heat and moves up, exits through the outlets 10c room 11, 

flowing around the temperature closer 12. 

The air lock 13, the threshold of which is located below the 

bottom of the air ducts 7, 8 does not allow the exit of heated 

light air from the air duct to the air inlet duct 1. This ensures 

strictly one-way gravity movement of fresh air. 

The exhaust air is withdrawn from the ventilated room 

through the air funnel 5 with a control valve 6, which is 

controlled by the microclimate program controller 14. 

The program controller 14 controls the operation of the 

electric motor 3 of the fan 2, which supports the set speed of 

the gravity flow and the control valves 9, supply air ducts 7, 8, 

providing a set threshold for the temperature of the gravity 

flow, as well as the temperature closer. 

As the temperature of the walls of the air duct 7 or the soil 

mass decreases, the intensity of heat removal decreases and at 

a certain temperature value, the set threshold exceeds the 

normalized value. At this moment, at the signal of the soil 

temperature sensor 17, the microclimate controller 14 closes 

the supply air duct control valve 7 and opens the air duct 

valve 8. The soil mass around the air duct 7 recovers its 

natural temperature after a while, i.e. it is recharged, and the 

soil mass around the air duct 8 is cooled, i.e. it is discharged. 

When the soil temperature reaches the normalized value by 

means of the sensor 17, the microclimate controller 14 closes 

the valve 9 of the supply air duct 8 and opens the valve 9 of 

the air duct 7. Thus, the supply air ducts alternately operate in 

charging and discharging mode, and provide a normalized 

stable supply air temperature, i.e., stabilization of the supply 

air temperature. 

The heated supply air supplied to the room flows around the 

temperature closer 12, its temperature rises to the normalized 

value. Enabling and disabling closers is carried out by the 

microclimate controller 14 via the temperature sensor 19. 
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Closers 12 provide radiant and convective heat exchange in 

the process of creating a local microclimate. 

The valve 6 of the air funnel 5 regulates the outlet of exhaust 

air, its operation is controlled by the microclimate regulator 

14 by means of a temperature sensor 20. 

As the external temperature increases, the speed of the gravity 

flow decreases and at a certain temperature value, the flow 

rate will be insufficient to provide a normalized air exchange. 

At this moment, at the signal of the outdoor temperature 

sensor 16 and the flow rate sensor 15, the microclimate 

controller 14 connects the electric motor 3 of the fan 2. 

In the warm period of the year, the heated fresh air is pumped 

by a fan 2 through the air inlet duct 1 into the air duct 7, from 

where the air enters the ventilated room through the outlets 

10. When passing through the air duct 7, the heated fresh air is 

cooled by transferring heat to the soil through its walls. Air 

ducts 7, 8 will also work in discharge and charging mode as 

during the cold period of the year. 

Depending on the required humidity parameters of the 

ventilated fresh air, it is moistened with water through a spray 

4. 

The sprayer 4 is controlled via the microclimate controller 14 

by means of the outdoor humidity sensor 18 and provides the 

required humidity of the supplied air. 

According to this scheme, an experimental energy-saving 

ventilation system for a sheepfold was designed and built, and 

production tests were conducted during the lambing period. 

 

2. METHODS OF RESEARCH 

When designing an energy-saving ventilation system, the 

differential equation of the soil temperature field around the 

air duct of the ventilation system is considered [15-19]. 
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where a  is the thermal conductivity of the soil. 
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where   is the thermal conductivity of the soil; 

   - coefficient of heat transfer of the channel walls. 

Average integral air temperature along the length of the 

channel with the total heat exchange area F : 
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where 
 ,xt

 is the local temperature, determined from the 

heat balance equation of the air duct area dF  : 
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The solution of equation (2) has the form: 
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where 
 ,oRt

 - the average length of the channel wall 

temperature at the time under consideration; õF
 - the heat 

exchange area of the channel to the cross-section x .  

The solution of the differential equation allowed to calculate 

the parameters of energy-saving ventilation system. 

A special information and measurement system was 

developed to record the thermal parameters of the ventilation 

system, i.e. the temperature of the outdoor, indoor air, soil and 

relative humidity of the outdoor and indoor air. 

 

3. RESULTS AND DISCUSSION 

 An experimental energy-saving ventilation system was built 

in a sheepfold for lambing in the Almaty region. The plan and 

photograph of the sheepfold are shown in Figures 4 and 5. 

 

1 - maternity barn; 2 - room for keeping sheep; 3 – room for keeping lambs from 2 months; 4 - tambours; 5 – electric board. 

Figure 4: Plan of the sheepfold for lambing 
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Figure 5: Sheepfold for lambing 

 

The scheme of an experimental energy-saving ventilation system for a sheepfold is shown in Figure 6. 

 

1 - room of the air inlet duct; 2 - supply vertical air ducts; 3 - supply horizontal air ducts; 4 -  ground temperature sensors;  

5 - control cabinet; 6 - power wiring; 7 - power board; 8 - electric meters; 9 - reducing transformer 220/22 V; 10 - closers - electric 

heating panels; 11 - underground heat exchangers-horizontal air ducts; 12 – air funnel with air duct; 13 - sensor wiring. 

Figure 6: Flow chart of an experimental energy-saving ventilation system for a sheepfold 

 

Underground heat exchangers - air ducts were made of 

corrugated plastic pipes produced by “EPA Almaty” LLP. 

Pipes are made of high-density polyethylene with a nominal 

internal diameter from 110 mm to 630 mm. GOST 18599-

2001. 

Wall profile of the “corrugation” type. The pipes are 

manufactured with a spigot and socket connection. They are 

connected via o-ring. They have a hollow structure in the form 

of hollow channels of rectangular cross-section perpendicular 

to the axis of the pipe section, the inner layer is straight and 

smooth. 

The specially designed outer surface of the pipes has a high 

ring stiffness and makes them more resistant to compressive 

loads (transport, soil water, permafrost and soil compaction), 

and the elastic structure of the pipes protects them from 

destruction when exposed to overloads. As a material, high-

density polyethylene has: high tensile strength, high thermal 

stability and is not subject to corrosion. 

Production tests of the energy-saving ventilation system were 

carried out in two stages: winter and summer [21-24]. 

When testing an energy-saving ventilation system in winter, it 

was found that the air temperature in the sheepfold premises 

ranged from + 5.4 °C to +6.0 °C, on average+5.6 °C, with the 

number of measurements n=72. 

The relative humidity of the sheepfold premises averaged 

79.2% (at n =72). The maximum and minimum relative 

humidity values were 93.4% and 64.1%, respectively. At the 

lowest outdoor temperature - 18oC (04.02.2014), the supply 

air temperature reached +6oC. The flow rate of the supplied 

air varied between 70-140 m3/h depending on the outdoor air 

temperature. The maximum heat output of the unit was 2.2 

kW. 

When testing an energy-saving ventilation system in summer, 

it was found that the air temperature in the sheepfold premises 

ranged from + 16.6°C to +27.29°C, on average +22.3°C, with 

the number of measurements n = 820. 
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The relative humidity of the sheepfold premises averaged 

30.5% (at n=820). The maximum and minimum relative 

humidity values were 58.88% and 10.37%, respectively. At 

the highest outdoor temperature of +33.4oC, the supply air 

temperature reached +19.6oC, and the humidity increased 

from 12% to 23%. The flow rate of the supplied air was 140 

m3 /hour. The cooling capacity of the unit was 2.6 kW. 

 

4. CONCLUSION 

A mathematical model of heat exchange processes in an 

energy-saving ventilation system has been developed. The 

ratio of the optimal radius and length of the air duct, the air 

flow rate of the soil temperature and the volume of heat in the 

ventilation system are determined.  

The technological, functional and concept schemes of an 

energy-saving ventilation system has been compiled. The 

parameters of a ventilation system for a sheepfold using soil 

heat were determined. 

Production tests of an experimental modular energy-saving 

ventilation system were carried out in two stages: winter and 

summer.  

Registration of thermal parameters of the ventilation system 

was performed remotely using the MasterScada system. 

Assessment of the technical and economic efficiency of the 

work performed shows that when implementing an energy-

saving ventilation system, energy consumption is reduced by 

up to 40-50%, depending on the type of agricultural premises. 

During the testing periods, the energy-saving ventilation 

system provided the energy-saving mode and the required 

zootechnical parameters of the microclimate in the maternity 

barn of the sheepfold.  

The energy-saving ventilation system was adopted for 

economic use and recommended for implementation in sheep 

farms 
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