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Abstract: -   
A new energy conversion system is established which converts wind hydraulic energy directly to heat energy. For this 

purpose of conversion throttle valve considered as a heat generating source in the utilization of wind energy to confine 

the wind energy into thermal energy. The use of throttle valve indicates to calculate the heat generation by using the 

simulation in Matlab and count the physical and mathematical model of the heating system. Various analyses are made 

on the basis of throttle valve parameters to compare the theoretical results on various values. To compute the effective 

results, needle valve used as a testing element in hydraulic system to change the opening of the throttle valve which 

estimates the heat generating capacity of the system. The opening degree and angle of the throttle valve are analyzed 

theoretically under the condition of constant flow rate. The effect of stiffness and other parameters on the heating system 

analyzed at the same time. The results show that the valve opening is responsible for the generation of the heat as more 

heat can be achieved in case of the small opening. Another analysis is made that the angle changed on throttle tip 

significantly affects the heat effect of the throttle valve. To ensure the stability of the system the stiffness of the throttle 

valve will be more conductive to ensuring a constant pressure across the valve port. The Matlab software is used to build 

a mathematical model for a proper analysis on throttle valve on various openings to check the pressure drop relationship 

with different parameters.   
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INTRODUCTION:  

Domestic energy consumption attracts the economic resources which are reliable to manage the lack of energy availability 

in some areas where the wind is powerful and more power can be achieved utilizing these resources in a particular way. 

The savories wind turbines have the potential to be integrated on the roofs of houses and building and contribute 

significantly in the reduction of the average house hold electricity costs. The technological improvements of  wind turbine 

are not even quite advanced as commercial wind turbines which contributed to increase the overall power output.[1]Wind 

hydraulic system is an efficient and noiseless system as in hydraulic system the gear system is eliminated by the hydraulic 

pump. The hydraulic system is more reliable and cost effective as compare to use the gear system and its maintenance 

and other overhauling takes too much attention and time to maintain the system performance. [2]Wind energy is a clean 

and pollution-free renewable energy. Wind energy can be converted into a various kinds of energy forms such as 

mechanical energy, pressure energy, electric energy and thermal energy. There are many researchers who have done 

detailed work on wind power generation except a little concentration on directly conversion of wind power to hydraulic 

heating system. Generally there are two ways to convert wind energy. The first method of energy conversion is direct 

conversion of  wind energy, in which Wind energy  is harvest by the wind, then turbine  rotor energy is directly converted 

to mechanical energy which  is attached to the hydraulic system and further which is applicable to appear in thermal 

energy for heating purpose [3].The second method is indirect conversion , in which the conversion of wind to electrical 

energy then this electric energy can be converted to thermal energy but the efficiency of wind energy conversion energy 

is very low. Unstable wind energy will cause the fluctuation of electric energy. The direct conversion of wind energy into 

thermal energy is better form of energy in utilization, equipment cost or the control of complex system. It is more feasible 

than indirect energy conversion system. In general, there are many ways for direct wind heat generation. The one is heat 

generation by the stirring of the liquid, second Compressed air heat generation and Due to the friction between solids.[4]. 

It is easy to install and simple to controls this wind hydraulic heating system. The heat generating element used in 

hydraulic heating system is throttle orifice. The intermittent characteristics of wind exhibit to use storage as a back to 

eliminate this effect and consumptive more energy by wind energy[5] To adjust the heating effect in the variable wind 

speed system throttle valve can be used as a better enhancement of heating. This paper uses a hydraulic wind induced 

heat generating method which is easy to install and control. The wind heat conversion is carried out by the combination 

of Hydraulic and orifices. This heating system causes by the throttle valve used in system. A throttle valve is used instead 

of an orifice to control the thermal efficiency of the system in unsteady wind speed. [6]The idea about the heat generation 

by throttling depends upon many researches and publication on the throttling devices to have good impact for the reliable 

sources for throttles to be used in heating system. Despite its frequent use in many petrochemical and transportation 

engineering applications, the pneumatic transport of dilute solid particles or liquid droplets in gas flow through needle 

valve has many shortcomings. This is because needle valve introduces a change in flow channel and a change in flow 

direction, resulting in significant change of flow field.[7] Wind power is harvested using a high-torque low speed turbine. 

Intermittent wind speed introduces hydraulic flow fluctuations from the prime mover that eventually changes the electric 

power flow in the system.[8] A parametric study of throttling components in a multi-stage high pressure reducing valve  

is carried out, including the relative angle of inner and outer porous shrouded holes, the orifice plate thickness, the number 

of orifice plates and the diameter of plate holes. By [9] Pressure and temperature reducing systems are energy saving 

devices used to regulate steam parameters, and utilize waste heat in cogeneration and central heating engineering.[10]  

 

1. Hydraulic wind heating system  

Hydraulic wind heating is a method based on the principle of fluid throttling effect and frictional heat generation, and 

uses the hydraulic system and throttling device to generate heat, so as to transform the energy of wind energy, mechanical 

energy, hydraulic energy and heat energy. The wind heating conversion part adopts hydraulic damping wind energy direct 

heating type, in which a range of wind energy density are absorbed by wind turbine, and converted into pressure energy 

of hydraulic oil through a hydraulic pump, the high pressure hydraulic oil flow through a narrow damping throttle orifice 

which can reduce pressure and control mass flow rate by changing the section area or length of orifice [2]. The hydraulic 

oil bearing high pressure and low velocity ejected to throttle orifice by the circulating pipes, which action to Discharge at 

high speed while remaining in throttle orifice to modify its properties in a sense of pressure and velocity. The velocity 

would be reach to at a normal desire speed and decrease in pressure while passing through orifice. The process of energy 

conversion is that the pressure energy of hydraulic fluid is first transformed into liquid kinetic energy, and then there will 

be great pressure loss due to the friction and sudden orifice impact. In a result of this conversion there will be a loss in 

pressure and the fluid state changes by pressure energy to thermal energy, while the temperature of the fluid tends to 

increase in high value.  Most of these losses are converted into thermal energy, resulting in the increase of oil temperature. 

The heating element throttle valve in the system is equivalent to the thermal performance of the heat generation in the 

wind power system, which determines the heat efficiency of the system. Therefore, the key to ensure the thermal stability 

and efficiency of the system is to choose the proper size of the throttle valve and to match the hydraulic pump. Figure 1 

reflects the main demonstration about Domestic hydraulic heating system.   
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Figure 1 Domestic wind hydraulic heating system. 

 

1. Wind turbine 2. Displacement Pump 3.Flow meter 4.throttle valve 5.heat exchanger 6. Insulated Hot Water storage 

tank 7. Hot water Delivery Pump 8.  Check valve 9. Radiator 10. Pressure Relief valve 11. Oil reservoir 12. Oil filter 

13.temperature sensor 14. Pressure gauge    

The working principle of the wind turbine starts from the rotation of the rotor blades of the wind blades which rotates due 

to the angular affect of the wind. The power harvested by the wind turbine drives the hydraulic pump at a high velocity 

up to the hydraulic pump runs at high revolutions. The low pressure oil is sucked by the hydraulic pump and which 

increases the pressure of oil to a high pressurized energy. This high pressurized hydraulic oil is then allowed to enter to 

throttle orifice and due to the violent impact of the throttle valve as a resisting element, there will be a molecular collision 

between the oil particles.[11] The high pressurized oil energy is converted to thermal energy of the oil. There will be a 

pressure drop and velocity enhancement while the oil flowing through the throttle valve at a constant discharge. The hot 

oil enters to the heat exchange coils and leaves its heat to the water tank and cold oil again return back to the oil reservoir. 

This water tank is used as storage to overcome the intermittent of the wind power and it can be used in unavailability of 

the wind. A temperature rise will take place by circulating the heated oil during a specific interval of time which is used 

to heat the environment.[12]. It is an established fact that heat is generated in a fixed displacement hydraulic system 

whenever fluid is throttled from high pressure to low pressure without doing any work. This generated heat is normally 

taken as a measure of system efficiency[13]  In our system the source of generation of heat is the Needle throttle valve 

which is used to enhance the characteristics of the heat generation. This article express the more utilization of wind energy 

in such a way that the turns of the throttle valve will eliminate the intermittent characteristics of the wind generation to 

declare more Energy by the use of the throttle turns into to a particular direction.  . To analyze the system there are three 

appearances has been made in this article.   

1) In the case of constant flow, the throttle opening changes its pressure across the valve port impact   

2) Influence of Needle Valve number of turns with respect to time on feasible Heating System； 

3) The purpose of storage used in our system to enhance the backup for the heat supply to our house in absence of the 

wind.  

    

Methodology and model analysis of heating system  

1. Model analysis  

The demonstration between the main components in the system model is shown in Figure 1. When the wind is insufficient, 

the water tank storage can be used as a backup and it can be used to provide enough heating for the household when the 

power is less.   

 

2. Thermal principle of system  

The analysis of the heating property of the system is mainly based on the pressure drop and opening of the throttle valve 

for the heat generating capacity. The theoretical analysis shows the demonstration of the heating process. It can be verified 

that according to Bernoulli's law, the sum of various forms of energies at the inlet of throttle valve is equal to the sum of 

all forms of energy at outlet taking the oil mass  in a unit [14]   

                  (1) 

 

In the formula, 𝑃𝒐 and 𝑷𝟏 are the inlet and outlet pressure of the throttle valve, ρ is the oil density is,𝟏 and 𝒗𝟐 are the flow 

velocities at inlet and outlet. 𝒉𝟏 and  𝟐 are the heads of the fluid at the inlet and outlet, 𝒉𝒘 is the energy loss flowing 

through the throttle valve.AS we know that Flow continuity equation: 𝜌1𝐴1𝑣1 = 𝜌2𝐴2𝑣2   

Assume that the fluid is no compressibility so the value for 𝜌1 = 𝜌2  so  𝐴1 = 𝐴2 and 𝑣1 = 𝑣2.    Considered that the fluid 

flow only in horizontal direction so the head is the same for system thus                                                                                  

h1 = h2                 (2) 

From Eq. (1) ~ Eq. (2), it is noted that:  
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So further                                                                        

  

Therefore, the fluid pressure difference is the major component which is responsible for the energy losses in throttle 

orifice. The main focus of research is mainly directed to the pressure difference in fluid flowing through throttling valve. 

However, according to the law of conservation of energy, these energy losses can only be converted into thermal energy 

without considering heat transfer.  

So, heat production:                                                 

∆Q = ρghwq = ∆Pq                              (4) 

 In the case of the same flow and the same aperture, the pressure difference flow characteristics of the throttle valve can 

be compared. Flow pressure difference equation for valve port is expressed through this equation:  

 

𝑞 = 𝐶𝑑𝐴𝑜 √2∆𝑃/𝜌         (5) 

 

In the formula q discharge through orifice, 𝐶𝑑 is the Discharge coefficient for needle valve used in system, 𝐴  is the area 

corresponds to flow, ρ is the density of fluid used, ΔP is the differential pressure by the throttle valve. In throttle flow 

there are two parts which are under concentration. One part of the fluid flow is prior to the throttle or needle port. The 

other part is the throttle port or needle itself at where the differential flow occurs due to the action b the needle of the 

orifice. The displacement of the needle valve is about to 10mm maximum flow through needle valve. So for each part the 

flow is different due to its structure. The discharge through orifice can be expressed by these equations:  

 
 

The various analysis made by Matlab for the use of proper orifice to generate heat for the system.  Matlab results exhibit 

the perfect selection of the throttle valve to emphasize the efficient heating system. Differential pressure flow 

characteristic curve compared with various displacements shows the perfectly selection of a throttle valve  for a particular 

module under the same flow rate and the same opening. By the modification of equation 5 we can get this differential 

such as:  

 
 

According to the expressions 7 & 8 it is noted that‘d’  is the diameter of inlet  and throttle ports which is same in both 

conditions but the area is different for both ports which are shown in above equations. The term x shows the displacement 

opening by the throttle valve in vertical direction, α is the angle shown in figure.3, the liquid viscosity is denoted by’µ’ 

and the value of oil viscosity is µ = 1500 × 10−4 𝑁. 𝑠⁄𝑚2 .When the valve opening decreases from 0.8 to 0.6and 0.4, the 

pressure drop become very large. This is due to the flow rate increases with the reduction of valve opening.[7] Small 

changes in the opening and angle of the valve port will significantly affect the pressure difference between the throttle 

valve orifices. The pressure difference between the two ends of the throttle valve port is affected by the opening and angle 

of the valve port. A slight change in the angle will significantly affect the heat effect of the throttle valve. In order to get 

the total pressure difference by throttle the both pressure differential can be calculated and further final result will be total 

pressure difference created by the throttle port by both port. So the total pressure drop ΔP will be by the inlet and throttle 

ports as it can be written as ∆𝑃 = ∆𝑃1 + ∆𝑃2.    It is observed that a large amount of pressure drop causes when the flow 

passing through the needle valve center. The pressure across the inlet is about to uniform flow when the fluid stream 

passes through the valve, which is after reached to a needle port adjustable area and the maximum pressure measured 

around the needle tip on the occurrence at stagnation point. The results about the flow pressure difference on throttle valve 

port characteristic curves under different pressure and discharge in the presence of various changing in throttle valve 

displacement are acquired according to the equation.8 and 9 which is analyzed by the Matlab. The simulation  results 

validation shows the characteristics curve of throttling valve, when the throttle valve starts working the pressure noted to 

be about 1Mpa and  throttling valve cause some resistant while closing its opening to a minimum displacement. The 

simulation is shown in figure.1 and 2 verify the pressure drop by the throttle valve under different opening.     
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Figure.2 Flow and pressure difference characteristic curve of the throttle valve 

  

The above analysis indicates that it is easy to conceive that with the increase in flow rate, the pressure difference between 

the two ends of throttle valve is also increases as shown in figure.2. At the beginning stage, differential pressure created 

by the throttle valve is very little and it contribute more changes in pressure drop when the  discharge increase and the 

value opening decreases about to 4mm of  throttle orifice.  The equation.4 shows that the heat production effect of the 

system is determined by the pressure difference, which indicates that the thermal performance increasing rapidly when 

the valve opening is very small. However, because of the large stiffness of the throttle valve based on the valve port, it is 

not conducive to ensure the stability of the pressure difference at the front and rear ends of the valve port which is 

influenced by the flow rate. Therefore, in wind hydraulic heating system, a particular valve opening is chosen opening 

which is used to reduce the flow pulsation of the pump according to the actual working condition. In order to improve the 

stability of the system heat supply a proper valve port opening is better for the proper enhancement of the thermal behavior 

and capacity. The influence of valve port parameters (such as opening, angle and discharge) exhibit the heat characteristics 

of the throttle valve on the pressure difference between front and back of the valve  

 

The common structure forms of throttle valve are:  

1) Needle throttle; 2) eccentric groove; 3) axial triangular groove; 4) Throttle circumferential gap type   

 

The hydraulic radius of the throttle of the axial triangular groove is large due to its stability in the small discharges. For 

the convenience of study, only the throttle form of the axial single triangle groove is considered.   

The hydraulic oil flows from the left end of the valve inlet to the lower right end of the outlet flow of throttle valve as 

shown in Figure 3. Due to the molecular collision of the oil it generates more heat upon increasing the ratio of collision 

to decrease its opening.   

 
Fig.3 Throttle valve two-dimensional Geometric model 

  

x is the opening value of the valve, and α is the angle perpendicular to the axis in the triangular groove as shown in 

figure.3. The opening variation highly influences the pressure difference when the valve opening of the throttle valve is 

large. The thermal element parameter adjustment in the thermal system has a certain reference function.  

  

2. Analysis of simulation results   

A throttle valve is used to generate the heat for the domestic hydraulic heating system which is used in different opening 

degrees for the maximum opening of the two-dimensional model is about to 10 mm as shown in figure.6. The calculated 

openings are 10 mm, 8 mm, 6 mm, 4 mm and 2mm for the proper analyses of the throttle valve. Matlab software is used 

to simulate the opening of throttle valve. The influence of the angle on the pressure difference can effectively prevent the 

fluid impurity from affecting the flow field. Some assumptions are made in order to analyze the valve characteristics.  

1) The compressibility of the liquid is not considered;  

2) It is assumed that the valve core is compatible with the valve sleeve and there is no radial clearance and no leakage.  

3) The flow of the system almost does not change in a fixed working condition.  
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4) It is assumed that the fluid used is the Newtonian viscous fluid in which the dynamics viscosity does not change with 

change of the velocity deformation.   

5) It is established that the flow is the stable in which the discharge of the fluid is same throughout the analysis which is 

applicable for the continuity equation principles.  

6) There is a lot of pressure loss while fluid passing through the throttle valve, which exhibit that the flow is turbulent.  

7) There is an abrupt change in pressure drop when the opening is very small about 2mm which is shown in figure.4.  

8) The velocity changes is directly  proportional to pressure drop in throttle valve as velocity of the fluid contain to its 

normal behavior when it passes through throttle valve while pressure drop increase which is shown in figure.4.   

9)  The relationship between fluid velocity and thermal effect is influence by the pressure drop in throttle valve which is 

shown in figure.5.  

The oil parameters used in analysis are list below in table 1.   

 

Table 1: hydraulic oil parameters  

Parameter  Symbol  Value   

Density  Ρ   𝑘𝑔 

870 ⁄𝑚3  

Dynamic viscosity  µ    . 04𝑘𝑔/𝑚2  

Conduction 

coefficient  

K   w 

0.132  mK 

specific heat  𝐶𝑝   𝑘𝐽 
1.9   

𝑘𝑔𝐾 

  

 
Figure.4 Throttle valve Pressure difference and velocity diagram at Different opening 

  

 
Fig .5 Throttle valve Thermal and velocity diagram under different openings 
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Fig. 6 Throttle valve thermal and Pressure drop diagram under different openings 

  

It is observed that the change in angle and displacement of the throttle valve, the pressure difference between the two ends 

of the valve is also has the massive changes which can be verified by earlier figures. Although the throttle valve port is 

small in the opening but in case of small displacement and the small angle, there is a large amount of pressure drop can 

be achieved. In this case there is a phenomenon of rigidity in the throttle valve. The pressure difference between the two 

ends of the valve mouth is easily influenced by the external factors such as the flow pulsation of the pump, the particle of 

the impurity, the fluctuation of the load. It is explicit through the results by the Matlab to verify the characteristics of the 

throttle valve shown in figures that more heat can be generated through decreasing the considerable amount of the valve 

at a particular distance to a minimum value at constant discharge as mention in figure.6. It is also indicates that the heating 

effect of the system is influenced by the opening and angle of the valve opening create noise loudly.  

  

Conclusion   

This article is a study of the thermal characteristics of the throttle valve orifice of a domestic wind hydraulic heating 

system.  It gives the certain significance in efficient utilization of wind energy in the commercial filed. For this purpose 

the Physical Model and simulation and mathematical model attempts the proper way of wind hydraulic heating system. 

The calculated results are the evidence for various kinds of comparisons in the characteristics analysis of needle throttle 

valve for the thermal enhanced purposes. The comparison of its different heat generating capacity under the condition of 

constant flow rate and  Analysis of the pressure difference of the opening, angle and stiffness of the throttle valve that 

actually influence the heat causing effect. The simulation verification is consistent with the theoretical results. The thermal 

performance of the best appropriate opening is demonstrated in the simulation results. There are similar changes in 

velocity of the fluid in the presence of the same flow rate. The small change in the opening of the valve causes a significant 

change in the pressure difference at the both ends of the valve. The pressure difference at the both ends of the valve also 

presents a similar change within the change of the angle of needle valve which is basically consistent with the theoretical 

results. Furthermore the throttle valve can produce larger pressure difference in the case of small opening and small angle, 

this will lead generate more heating effects. Due to the pressure drop the velocity of the fluid enhances for proper thermal 

effect to generate more heat to drop in heat exchanger. The pressure difference between the both ends of the valve is 

easily affected by the flow pulsation of the pump and impurities presented in the oil particles and the influential external 

factors contains fluctuation and  vibration effects in hydraulic pipe lines. The Simulation and analysis results on Throttle 

Valve indicate an excellent and perfect approach to a thermal hydraulic system by wind energy for a domestic and 

commercial resolution.   
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