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Abstract - One of the useful areas for power generation is employing thermoelectric generators that can convert the 

temperature difference to electrical energy. The efficiency of thermoelectric generators (TEGs) can be enhanced by 

providing the conditions for raising the temperature difference between the hot and cold poles. There are various ways to 

raise thisrequired temperature difference, among which the use of natural convection is of great importance due to its low 

initial costs. However, TEGs, which utilize natural convection, suffer from low efficiency. Furthermore, to the best of our 

knowledge, all thermosyphons have the disadvantage that the storage tank needsto be elevated slightly higher than the heat 

sink to increase the efficiency.  In the present numerical study, the effect of using a thermal sink, made of a flat plate 

withcylindrical finson the thermal efficiency of the natural convection heat transfer is investigated and the optimum fin 

height is determined. 

 

In addition, the effect of tank storage height on the heat transfer has been evaluated, and the optimum height is determined. 

A new design with a similar level of the storage tank and heat sink is introduced, which has a comparable efficiency with 

traditional designs. 
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I. INTRODUCTION 

 

The production of environmental pollutants caused by 

fossil fuel burning has promoted researchers to step 

up the energy efficiency of systems [1].Many 

researchers study ways to produce energy without 

using fossil fuels such as solar and photovoltaic cells, 

wind energy and thermoelectric generators 

(TEGs).Thermoelectric generators fall in a solid-state 

and semiconductor material category, which can 

convert temperature difference and thermal flux 

directly to electricity, known as the Seebeck effect 

method [2]. If a temperature difference is present 

atthe poles of a semiconductor, they will act like 

batteries, and if they are connected to a battery, there 

would be a temperature difference between them.The 

function of the TEG is similar to thermal engines, 

with the difference that their heat sink can be 

provided using the exhaust heat of cars or power 

plants or other wasted heats [3]. 

 

Compared to conventional heat engines, TEGs haveat 

least three advantages: i)they have no moving 

components and are completely silent, ii) their total 

thermal efficiency can be readily increased by 

increasing temperature difference iii) theyare small in 

size and are environmentally friendly components[4]. 

The main disadvantage of the TEGs is their low 

efficiency[5].Moreover,the storage tank needs to be 

placed higher than the heat sink, to provide the head 

needed for the circulation of the fluid. This is 

considered as a thermosyphon problem, which has 

remained unstudied [5, 6] andimposes a constrainton 

the component configuration of a TEG. This situation 

is similar to photovoltaic cells. Thebest and easiest 

way to improve the efficiency of TEGs is to provide a 

higher temperature difference between hot and cold 

poles. Moreover, if thermoelectric semiconductors 

are placed in such a way that they are electrically 

connected in series, but are thermally parallel, they 

provide a suitable voltage for amplifying the 

efficiency. The temperature difference between the 

poles and the height difference between the heat sink 

and storage tank are both drivers of water circulation 

in the system. As it will be shown later, the 

temperature difference could be sufficient for the 

circulation of the flow in the thermosyphon-heat sink, 

hence, the tank storage and heat sink can be placed at 

the same level. 

 

The fluid in thermosyphon-heatsink structures can be 

circulated by active or passive means. The active 

method requires pumping power and is not a cost-

effective way.In the passive method, fluid derives its 

momentum from the buoyancy and temperature 

difference. This methodis both reliable for fluid 

circulationand has almost no cost. Although the 

active method is not economical, it is still widely 

used in the TEGs. The active method is used for 

instance in solar cells[7]. Besides, the active method 

is also commonly utilized in other areas including 

cooling systems requiring forced convection for 

different purposes such as vehicles[8], marine [9], 

industrialand householdapplications.Achieving high 

efficiency for TEGs coupled with active forced air 

convection cooling systems requiresa high flow rate 

for the cooling fluid, which needs more energy 

[11].In some cases, thisenergy could bemore than the 

electricity produced by the TEG. 
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Use of natural water-flow convection method, as a 

coolant of a TEG, was first investigated by Champier 

et al. [10].An aluminum heat sink with fins, which 

well absorbs the heat generated by the hot air from 

the combustion of fossil fuels was used in their study. 

It is worth mentioning that the heat sink was located 

lower than the water storage tank. Ashwin et al. [11] 

investigated energy efficiency and performance of 

TEGs by air cooling through three different methods 

and compared the results. They found that the use of 

fins and bare plates through the heat pipes, allowed 

lower temperaturesto be reached at cold pole of the 

TEG. As reported by Elghool et al. [12], under 

identical conditions, the natural convection heat 

transfer coefficient of a liquid coolant is much higher 

than that of a gaseous fluid for cooling TEGs.Deasy 

et al. [5],both experimentally and 

numericallydesigned a passive pure water 

thermosyphon system for cooling TEGs.They 

observed that the passive method could provide 

appropriate and effective cooling. Ahmed et al. [13], 

experimentally investigated the performance of TEGs 

by three different passive cooling liquids. In their 

study, natural convection by air, water, and vapor 

were studied. They used rectangular fins that had 

been parallel with the coolant flow for better heat 

dissipation from the TEG. They found that vapor 

phase change aided by fins showed the best 

performance compared to other techniques. 

 

 
Fig. 1. Schematic of the TEG-thermosyphon geometry. 

 

Purpose of this study 

Anobjective in this study, is to find the optimum 

height of the storage tank relative to the lower surface 

of the heat sink and to address this height difference 

problem, which has not been examined for the TEGs 

before. Another aim, is to examine the impact of 

different fin heights, with the same circular cross-

section, on the performance. In addition, an 

appropriate fin height for the presented configuration 

is determined. 

 

The remaining of the paper is organized as follows. In 

section 2, problem definition is given. Numerical 

method is presented in section 3. Results are 

discussed in section 4, followed by the concluding 

remarks in section 5. 

II. PROBLEM DEFINITION 

 

2.1. Schematic and boundary conditions 
A schematic of thecurrent thermosyphon geometry is 

shown in Fig.1. This thermosyphon benefits from a 

passive cost-effective approach. In this approach, the 

fluid circulates between the thermosyphon and the 

heat sink using the buoyancy effect. The storage tank 

in the thermosyphon has a volume of 12 liters, filled 

with pure water. 

 

The heatsink is shown in blueat the bottom leftin 

Fig.1. A constantheat flux is applied to the ceramic 

coated section in the hot part of the thermoelectric 

generator,seeFig.1. Hence, the heat flux is applied at 

the hot surface of the thermosyphon-TEG 

system,referred to as the heatsink. The heatsink has 

32 pin fins mounted separately. The fins havea height  

of 9.625 mm and a hydraulic diameter of 1.25 mm.To 

investigate the influence of the fin height,values from 

2.5 mm to 14.5 mm with 2.5 mm intervals are used.A 

schematic of the height changes is shown in Fig.2. 

 

 
Fig.2. Schematic view of the extent of the storage tank elevation 

(a) 0.00 mm, (b) 0.75 mm, (c) 1.50 mm, (d) 2.25 mm, (e) 3.00 

mm, (f) 3.75 mm, (g) 4.50 mm and (h) 5.25 mm. 

 

The heat flux, generated by the fins, enters the fluid 

in the thermosyphon-heatsink system. A wall is 

considered  above the surface of the storage tank. To 

consider the fluid evaporation at this surface, an 

approach similar to the oneused by Deasy et al. [5] is 

employed, wherea constant heat transfer coefficient, 

80 W / m
2
 K in this case, is assumed. On this basis, 

the evaporation heat at the surface of a given wall in 

contact with air, Qevaporation with no shear stressis 

assumed.The lateral walls of thestorage tank are 
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isothermal with the ambient temperature. The feed 

and thermosyphon discharge pipes, as shown in 

Fig.1., have a diameter ofD=2.5 mm. The TEG is 

located at the bottom of the heat sink, whose pole is 

connected to the heat sink by a ceramic coated part. 

The semiconductors presented in the TEGs of this 

research, are chosen as Bi2Te3. All components of the 

thermosyphon-heatsink are made of alumina. The 

selection of this alloy is due to the suitable heat 

transfer of aluminum within the operating 

temperature range. 

 

Boundary Type Fluid Thermal 

Storage tank top Wall 
Zero 

stress 

h=80W/m
2 

K 

Storage tank 

sides 

Storage tank 

bottom 

Feed pipe 

Discharge pipe 
Heat sink 

sidewalls 

Wall 

Wall 

Wall 

Wall 

Wall 

No-slip 

No-slip 

No-slip 

No-slip 

No-slip 

T =298.16 

K 

Adiabatic 

Adiabatic 

Adiabatic 

Adiabatic 

Heat sink bottom Wall --- Const. flux 
Table 1: Boundary condition description 

 

The boundary conditions are given in Table 1. It is 

worth noting that adiabatic conditions are used for 

both heatsink sides as well as the feed and discharge 

pipes, which is identical to those found in prevalent 

thermosyphon-heatsink systems. The bottom area of 

the heatsink is 25mm×30mm.The lateral part of the 

hot pole of the TEG iskept at 70°C.It is worth noting 

that the Bi2Te3 alloy, used in the present TEG, can 

endure temperatures up to 300°C [5]. The cooling 

system efficiency, based on the heat transfer to the 

fluid by natural convection, of the TEG was 

evaluatedusing different fin heights, with a fixed 

finarrangement. Auniform flux with a temperature of 

70 °C is applied to  the lower part of the heat sink. 

 

The expansion coefficient 𝛽 = 0.00044 (1/𝐾) is 

used for water in the simulations, which is based on 

the average ambient temperature (26 °C) and hot part 

of the heat sink temperature (70 °C) . Other water 

properties are considered to betemperature dependent. 

 

III. NUMERICAL METHOD 
 

Although the problem has a transient-state behavior,  

the  results are similar to a steady simulation. This 

has also been verified previously [5]. Hence,  

simulations are carried out as steady state. 

 

3.1.  Governing equations 

The significant temperature differencesin the 

TEG,produces buoyancy forces that helps the fluid to 

circulatein the thermosyphon system.The fluid flow 

inside the thermosyphon is single-phase, laminar, 

incompressibleand Newtonian.The density, thermal 

conductivity, viscosity and specific heat vary with 

temperature. 

 

The continuity, momentum and energy equations 

using the Boussinesq approximation are as 

follows[14]: 

 

 .( ) 0V
(1) 

     .( ) .( )VV P V
                              (2) 

    .( C T) . .{ T}
p

V PV k
     (3) 

 

Where 𝜌 is the fluid density,𝑉 is the velocity vector, 

𝑃 is the pressure, 𝜇 is the dynamic viscosity, 𝐶𝑝  is the 

specific heat at constant pressure, 𝐾 is the thermal 

conductivity and 𝑇 is the temperature. 

 

3.2 Flow parameters 

Due to the small Grashof number, the flow is laminar 
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Moreover, Newton’s cooling law is used to calculate 

the average heat transfer coefficient for the heat sink 

as 
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h
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(5) 

 

where, Q isthe heat flux from the TEG, Aws isthe 

wetted surface area of the heat sink, Tfeed is the 

temperature of the water in the feed pipe and Tws is 

the average temperature inthe wetted regionof the 

heat sink. 

 

3.3 Numerical  scheme 
The finite volume method is used for the 

discretization of equations (1-3). The numerical code 

used in this study, has a second-order accuracy in 

time and space with the QUICK schemeused for the 

convective terms. 

 

3.4 Validation of the numerical  method andGrid 

independence examination 

To assess the validity of the numerical method for the 

current problem, simulations are carried out for the 

geometryof the experiment carried out in [5].The 

experimental data is for constant heat fluxes of 60, 

120, and 180 W, thermal convection heat transfer 

with h=80 W/m
2
 K at top of the storage tank, and 

adiabatic conditions for other boundaries. 

Comparison of the results with the experimental data, 

given in Table 2, shows a reasonableagreement. 
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Fig.3. Bottom view of the selected fins polyhedral mesh with a 

polygonal mesh for the circular fin shape geometry. 

 

Heat flux 

(W) 

Experimental 

[5] Rth (W/K) 

Numerical 

Rth (W/K) 

Error 

(%) 

60 0.099 0.092 7.0 

120 0.080 0.074 7.5 

180 0.073 0.069 5.5 

Table 2: Comparison between experimental [5] and present 

numerical results for the thermal resistance of the heat sink 

 

In this work, the effect of height difference between 

the heat sink and storage tank on the heat transfer 

performance is examined. Hence, in comparison with 

the experiment in [5], the heat sink is replaced with a 

new configuration. Furthermore,  circular fins are 

used in a staggered configuration to increase the heat 

transfer and reduce the thermal resistance.A sample 

view of the mesh is given in Fig. 3, showing the 

polyhedral mesh used. 

 

Name Elements 

Mesh 

size 

(×10
-

6
mm)

 

Discharge 

Temperature 

(℃) 

Error 

(%) 

A 2314158 7.6 52.65 0.84 

B 2858272 5.1 52.34 0.59 

C 3402687 3.26 52.21 0.0 
Table 3: Discharge temperature and error for different grids 

 

To examine the mesh dependence of the simulation 

results, three different meshes are used, see Table 

3.Simulations are carried out at the operating thermal 

heat fluxof 180 W. The differences in discharge 

temperature predictions for grids A, B and C are less 

than 1%. 

 

IV. RESULTS AND DISCUSSION 

 

4.1 Velocity and temperature contours 

Velocity contour plot for a lateral cross section is 

given in Fig.4. Figure shows a maximum velocity of 

0.022m/s. Water flows from the storage tank to the 

heat sink. 

 

 
Fig.4. Velocity magnitude contours in a lateral cross section. 

 

 
Fig.5. Temperature contours in a lateral cross section. 

 

In Fig.5,  a contour plot of the temperature is given. 

Figure shows that cold water enters the heat sink. 

After cooling the heat sink, water at a higher 

temperature enters the storage tank. This process is 

due to the buoyancy forces and natural convection 

mechanism. The hot water flowing out from the 

discharge pipe entersthestorage tank, where its 

temperature drops to almost the ambient condition. 

This process goes until a steady-state is reached. 

 

4.2 Effect of the fin height 

Effect of the fin height on the average convection 

heat transfer coefficient for the coolant is shown in 

Fig. 6. The efficiency increases monotonically with 

the fin height.  An economically optimum fin height 

of 9.5 mm is indicated in the figure. 

 

4.3 Effect of the storage tank elevation 

In Fig.7, variation of the average heat transfer 

coefficient with the storage tank elevation is given. 

Figure shows that the average heat transfer 

coefficient drops with increasing tank storage 

elevation. A minimum value occurs for an elevation 

of about 5.2 mm, which is the optimum value, where 

thermosyphon-heat sink system has its maximum 

efficiency. 

 

Thermal resistance variation with respect to the 

storage tank elevation, see Fig.8, shows almost the 

same behavior as the average heat transfer coefficient 

in Fig.7. 
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Fig.6. Effect of the fin height on the average heat transfer 

coefficient. 

 

 
Fig.7. Effect of storage tank elevation on the on the average 

heat transfer coefficient. 

 

 
Fig.8. Effect of storage tank elevation on the thermal 

resistance. 

 

Thermal resistance variation with respect to the 

storage tank elevation, see Fig.8, shows almost the 

same behavior as the average heat transfer coefficient 

in Fig.7. Similarly, a minimum value occurs  at about 

5.2 mm tank elevation. 

 

In Fig.9. the efficiency is given with respect to the 

storage tank elevation. The efficiency increases and 

reaches a maximum at about 5.2 mm storage tank 

elevation. A further increase in elevation, 

decreasesthe efficiency. 

 

 
Fig.9. Effect of the storage tank elevation on the efficiency. 

 

As can be observed, the increase inefficiency due to 

the change in the storage tank elevation, ismuch less 

than the efficiency changesdue to the increase in the 

fin height in the thermosyphon-heat sink. This 

suggests that the change in elevation has a rather 

small influence on the entire system 

efficiency.Hence, the storage tank and heat sink can 

be place at almost the same level and maintain an 

optimum efficiency. This new configuration is more 

suitable, optimal, less bulky and more efficient, 

compared to other thermosyphon configuration[5, 6]. 

 

V. CONCLUDING REMARKS 

 

In this study, the effect of storage tank level on the 

heat transfer performance of thermosyphon-TEGheat 

sink was numerically investigated. It was found that 

the optimum efficiency for the thermosyphon-TEG 

heat sink, considered in this study, was reached for a  

storage tank elevation of 5.2 mm.A new design, 

where the storage tank and heat sink are placed at 

almost the same level was proposed and numerically 

tested. The new design would allow for a better 

configuration of the TEG components. 

 

Furthermore, to increase the heat transfer efficiency 

of the passive cooling system, a staggered 

configuration of circular fins was employed in the 

cooling system and its efficiency was numerically 

tested. 
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