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Abstract: Providing electricity for isolated areas or emergencies (snowstorms, earthquakes, hurri-
canes, etc.) is an important challenge. In this study, a prototype of a self-powered fan based on a
thermoelectric system was built to enhance the heat dissipation of the thermoelectric generator (TEG)
systems using household stoves as heat sources. To improve output performance of the system, a heat
collector consisting of a heat-conducting flat plate and a heat sink with fan cooling was designed to
integrate several thermoelectric modules (TEM). The effects of the fan operating conditions (airflow
velocity), number of thermoelectric modules, electrical connection mode under different heat flux
among the performance of the TEG system are studied. The data obtained showed a higher heat flux
and lower flow velocity are required to realize self-sustained cooling of the system. The maximum
electric power is more sensitive to the heat flux than the fan operation conditions. It is also observed
that more modules provide a higher power output but lower efficiency. The maximum power of
four modules in series is larger than that in parallel, and the difference between them increases with
increasing heat flux of the heat collector. In the case of self-sufficiency: the maximum output power
and maximum net power with four thermoelectric modules are 10.92 W and 5.26 W, respectively, at
a heat flux of 30,000 W/m2. Additionally, the maximum conversion efficiency of 1.8% is achieved
for two modules at a heat flux of 14,000 W/m2, providing an effective strategy for the installation of
TEMs and cooling fans in TEG.
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1. Introduction

Providing electricity and heating for isolated areas or emergencies (e.g., snowstorms,
earthquakes, hurricanes) is an important challenge. A thermoelectric generator (TEG) is an
intelligent device that can directly convert heat into electricity via the Seebeck effect of a
semiconductor. It has the advantages of no medium leakage, small size, simple structure,
and noiseless operation. The stove powered thermoelectric generator could collect wasted
heat from a heating stove and convert it into electricity, which will provide both electricity
and heating for the residents in remote areas. The power output could be improved by
increasing temperature difference between the two ends of the thermoelectric module.
A better cooling method is very useful for higher temperature difference. Gao et al. [1]
reviewed stove-powered TEGs, and proposed a typical cooling system for a TEG, namely, a
water-based natural cooling system, water convection cooling system, air natural cooling
system, and air convection cooling system.

In a water-based natural cooling system, a larger water reservoir is usually proposed
for stove-powered TEGs as cold side exchangers because of the temperature (maximum
100 ◦C). For example, Champier et al. [2] built a biomass stove-based TEG with a water
tank as the heat sink and an aluminum heat sink as the heat collector, and a maximum
electric power of 7.6 W was achieved. Goudarzi et al. [3] obtained approximately 7.9 W
power at a matched load from a stove-powered TEG using an aluminum water channel.
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Juanicó et al. [4] obtained a maximum electric power of 16 W from an uncontrolled firewood
household stove, using a water reservoir as the radiator. In order to prevent the temperature
on the cold side of the TEG exceeding 100 ◦C, a radiator with fan cooling is required to
dissipate the heat into the environment. Patowary et al. [5] conducted studies on TEG
mounted on modified clay stoves, and tests showed that it was possible to generate 2.7 W
of electricity and illuminate a 3 W LED bulb.

As opposed to water reservoir cooling methods, water-forced convection cooling
systems usually use pumps and heat sinks as cooling blocks, which have a lower thermal
resistance and larger power output than pot cooling systems. Alptekin et al. [6] designed
and tested a natural gas-fired boiler-powered TEG using Bi2Te3-based thermoelectric
modules. Approximately 36 W power was generated from the TEG unit with cooling
water, which was equivalent to one-third of the requirement of the boiler. Montecucco
et al. [7] designed a solid-fuel stove-powered TEG with a water-cooled convection system.
Hot water was then used for household use or heating. It produced an average power
of 600 W with an efficiency of 5%. Sornek et al. [8] examined three types of TEGs, which
were mounted on a flue gas channel or flat surface of a wood-fired stove and cooled by
air and water convection, respectively. Obernberger et al. [9] developed a wood pellet
stove-powered TEG cooled by a water circuit, which produced 50 Wh of electric power
to cover its own electricity consumption. Lv et al. [10] designed and analyzed a compact
water-cooled thermoelectric generator based on portable gas stove, and a maximum electric
power of 12.9 W was obtained. Li et al. [11–13] designed and tested water-cooled, stove-
powered TEGs with U-shaped, Ω-shaped, and multiple-notch grooves copper plates as
heat collectors. Corresponding electric power outputs of 12.9 W, 62.6 W, 25.7 W, and 200 W
were achieved. Zhang et al. [14] set a water-cooled energy exchange short-circuit in TEG to
reduce thermal energy loss at the cold side, the results showed that the power is 41.96 mW
and the energy conversion efficiency is 1.16%. Tanpradit [15] installed TEG system on
liquefied petroleum gas cookstove to utilize waste heat source and adopted circulating
water -cooling system for heat dissipation. The power of 107 W was obtained at the average
maximum temperature difference of 278.5 ◦C.

Compared with a water-cooling system, the natural convection of an air system is
driven by the buoyant forces of air owing to density change, which has a higher thermal
resistance with no moving parts. Nuwayhid et al. [16] obtained a maximum power of
4.2 W with a single TEG module mounted on a woodstove and through natural air con-
vection with higher extended dissipation. Lertsatitthanakorn [17] created a TEG system
on a biomass cook stove and obtained approximately 2.4 W power, which was cooled by
natural air convection with a rectangular fin heat sink. Yousef et al. [18] built TEGs on
a multipurpose stove and natural air convection with larger extrusion heat sinks, and a
maximum power of 7.88 W was achieved.

Air convection cooling for TEGs has a fairly low thermal resistance owing to cold
cooling by fan cooling. Bass and Killander [19] obtained up to 10 W power from a firewood
stove-powered TEG that cooled forced air over a heat sink using a 2 W fan. O’Shaughnessy
et al. [20] obtained a maximum power of 5.9 W with a single thermoelectric module, which
used portable biomass cook-stoves as the heat source and was cooled by a commercially
available heat pipe heat sink and fan. Li and coworkers [21,22] designed a stove-powered
TEG using two quarter circle copper plates and two copper flat plates as heat collectors,
respectively, and the corresponding maximum electricity power was 8.25 W and 12.9 W
with fan cooling. Li et al. [23] further obtained a maximum power of 20.5 W from a gas-fuel
combustion-powered TEG with forced convection cooling. Murcinkova et al. [24] tested
a stove-powered TEG with air natural and convection cooling, and the corresponding
power outputs of 0.5 W and 1.5 W were achieved at a temperature difference of 63 ◦C and
94 ◦C, respectively. Martinez et al. [25,26] designed a thermoelectric self-cooling system
and reported that the relative thermal resistance between the heat source and ambient air
was reduced by 25–30% due to the extended dissipater and fan cooling. Mohammadnia
et al. [27] studied the influence of fan operating conditions on the performance of a self-
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cooling TEG, and indicated that a minimum inlet airflow external load resistance and
temperature were needed for greater net power output.

Although various stove-powered TEGs have been illustrated, only a few studies have
been conducted on the enhancement of heat dissipation across the heat collector surface
to improve performance of the system. A stove-powered thermoelectric generator with
a heat sink and fan cooling was designed to obtain more electricity and deliver more
heat from a stove for household heating. For the convenience of testing, the experiment
was conducted using an electric heater instead of household stove. The effects of the fan
operating conditions (airflow velocity), number of thermoelectric modules, and electrical
connection mode under different heat flux among the temperature difference on the power
output and efficiency was analyzed.

2. Experimental Section
2.1. Experimental Setup

The experimental setup is consisted of an electric heater, a TEG assembly system,
an electronic load, and a data acquisition system, as shown in Figure 1. The maximum
power of the electric heater was 1500 Watt, which was regulated by a voltage adjuster. The
electric heater was an aluminum plate with a diameter of 180 mm and a thickness of 10 mm,
around which an aerogel of thickness 30 mm was used as an insulation. The TEG assembly
is comprised of a heat collector, thermoelectric modules, and heat sink with fan cooling,
where thermoelectric modules are sandwiched between the heat collector and heat sink.
The prototype of TEG system was shown in Figure 2. The TEG system contained a heat
conducting substrate, thermoelectric modules, fan unit, top shroud, thermocouples, and
a hot-wire anemometer. The thermoelectric generator is cooled by 28 fins with a shell of
260 mm in diameter and170 mm in height. Several commercial Bi2Te3-based thermoelectric
modules (Thermonamic: TEP1-12656-0.8) were applied to the TEG, which were clamped
between the hot plate and the radiator cooled by a fan. The specific parameters of the
thermoelectric module are listed in Table 1.
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Table 1. Specific parameters of thermoelectric module.

Type Length (mm)

Hot end temperature Th 300 ◦C
Cold end temperature Tc 20 ◦C

Module size 56 mm × 56 mm × 4 mm
Internal resistance 2.0 Ω

Open-circuit voltage (OCV) 5.0 V
Output power 14.5 W

Thermoelectric efficiency 2.9%

The airflow test refers to a fan unit installed in the setup shown in Figure 1. The
experimental setup of the airflow consisted of a power source, fan unit, top shroud, and
a hot-wire anemometer. The shroud was 355 mm high, with an internal diameter (D)
equal to the outer diameter of the fan, and was placed on top of the fan. Two holes of
diameters 6 mm and 90◦ apart were located 175 mm from the top of the shroud. The
hot-wire anemometer contained a 6 mm diameter probe of sufficient length to insert into
the center of the shroud. The air flows down from the top of heat radiator under the drive of
the fan, as shown in Figure 2. The air at the top of house could be further heated, which can
reduce the vertical temperature gradient in the heating space through forced convection,
making the indoor temperature relatively uniform.

Before the test starts, the power input of the electric hot plate was adjusted to a set
heat flux, and the fan unit operation was allowed to stabilize until the base temperature
remained constant. The air velocity and flow rate produced by the fan were measured and
calculated as follows. The inner areas of the shroud were divided into five equal areas,
as shown in Figure 3. The air velocity of each area was measured by inserting a hot-wire
anemometer probe through the holes located in the middle of each area inside the shroud.
Measurement points are shown from points 1 to 5 in Figure 3. The probe tip was inserted
into the other hole and the aforementioned operation was repeated for each of the five
points listed in Table 2. The average air velocity of the fan was considered as the average of
each velocity on five points owing to the equal areas of five zones. The fan power input
was adjusted for various air velocities and the entire procedure was repeated for different
heat fluxes.
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Table 2. Insertion length of air velocity transducer.

Point Length (mm)

1 0.053 × D/2
2 0.166 × D/2
3 0.297 × D/2
4 0.461 × D/2
5 1.000 × D/2

The output voltage and power were obtained using the electronic load as the external
load, and the voltage and current of the heaters and fans were obtained using millimeters
and clip-on meters. Two T-type thermocouples were mounted on the heat collection plate
and heat sink to measure the temperatures of both thermoelectric sides. Temperature
signals were collected and recorded using an acquisition system (Agilent 34972A). The
uncertainties of the temperature, heating power, heat flux, power output, conversion
efficiency, and flow velocity were obtained using the root-sum-squares (RSS) method [28],
which are listed in Table 3.

Table 3. Uncertainty for measured variable.

Variable Uncertainty Variable Uncertainty

Th 3.1% Tc 3.5%
PTE 2.6% QH 2.9%
ηTE 3.3% q 3.6%
v f an 4.1%

2.2. Experimental Procedure and Parameter Definitions

The power of the electric heater was adjusted by a voltage adjuster. The heat flux
through the TEG is obtained from the power of the electric heater and the surface area across
the heater. The current and voltage were measured using a clip-on meter and a millimeter,
and the corresponding heat flux across the TEG was obtained using Equation (1).

q =
QH
A

=
UH IH

A
(1)

where q and A are the heat flux and surface area across the heater, QH , UH , and IH are the
electric power input, voltage, and current of the electric heating plate, respectively.
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The air flow velocity was also adjusted to the desired value by changing the power of
the fan. The related air flow velocity was measured and accurately calculated using an air
hot-wire anemometer. The power output of the fan was acquired by measuring the voltage
and current, as shown in Equation (2).

Pf an = U f an I f an (2)

where Pf an, U f an, and I f an are the power, voltage, and current of the fan, respectively.
The system is considered stable when the cold and hot-side temperatures basically

remain unchanged within 10 min. The temperatures of both sides of the TEG were measured
and recorded using an Agilent 34972A acquisition system. The voltage and current of the
TEG were measured by adjusting the electrical load, and the corresponding maximum
output power and thermoelectric efficiency were obtained from Equations (3) and (4),
respectively.

PTE = UTE ITE (3)

ηTE =
PTE
QH

(4)

where PTE, UTE, ITE, and ηTE are the power output, voltage, current, and thermoelectric
efficiency of the TEG, respectively.

3. Results and Discussion

As mentioned earlier, various air flow velocities and heat fluxes were acquired by
adjusting the electrical power, which affected the hot and cold-side temperatures of the
TEG and the corresponding temperature difference between them, thermoelectric modules
are in series as shown in Figure 4. It is observed that the hot and cold-side temperatures
of the TEG slightly decline, while the corresponding temperature differences are almost
unchanged with increasing flow velocity for a fixed heat flux. For example, the temperature
of the TEG on both hot and cold sides is reduced from 79.4 ◦C to 60.7 ◦C and 44.5 ◦C to
27.4 ◦C, respectively, and the corresponding temperature difference is changed from 34.9 ◦C
to 32.3 ◦C as the air flow velocity increases from 0.30 m/s to 1.3 m/s for a given heat flux of
6000 W/m2. This is because the convective heat transfer coefficient at the cold side of the
TEG is increased with the increase in flow velocity, leading to a lower thermal resistance
at the cold side and lower average temperature of the TEG. Furthermore, the thermal
conductivity of the TEG first declines and then increases with increasing temperature of
the TEG, as shown in reference [29]. There is a tiny decline for the thermal conductivity
with the decrease of TEG temperature at the present case. For a fixed heat flux, the thermal
resistance is proportional to the temperature difference. Thus, the temperature difference
across the thermoelectric module is almost unchanged with the increase of flow velocity,
whereas the hot and cold side temperature of thermoelectric module is declined.

Moreover, the temperature of the TEG on the hot side is significantly increased,
whereas the temperatures on the cold side ascend mildly with increasing heat flux for
various flow velocities. The corresponding temperature difference across the TEG is also
amplified, and the tendency weakens with increasing heat flux. This is because the thermal
resistance of the heat collector and cold heat sink remain nearly constant, while the thermal
resistance of the thermoelectric modules decreases with increase in the temperature of the
TEG due to increase in thermal conductivity. For example, the temperatures of the TEG
on the hot and cold sides are increased from 65.7 ◦C to 246.0 ◦C and 30.8 ◦C to 86.3 ◦C,
respectively, and the corresponding temperature difference is increased from 34.9 ◦C to
159.7 ◦C as the heat flux increases from 6000 W/m2 to 30,000 W/m2 at a velocity of 0.80 m/s.
This indicates that the heat flux across the heat collector has a dramatic effect on the hot-side
temperature and the corresponding temperature difference across the TEG, which has a
minor effect on the cold-side temperature of the TEG for a given flow velocity.
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To further illustrate this, the temperature profile from the hot plate to ambient air is
shown in Figure 5. The thermal resistance of the cold heat sink decreases with increasing
air flow velocity, leading to a lower cold-side temperature and a resultant higher temper-
ature difference for a given heat flux (from dashed line b to solid line a). Moreover, the
temperature difference is significantly decreased owing to the reduction in the hot-side
temperature and heat flux through the heat collector (from solid line a to dotted line c).

The maximum power output at various air flow velocities and heat fluxes is displayed
in Figure 6, and the corresponding consumption power of the fan is used as a reference.
The maximum power output is acquired as in reference [30] when the internal load of
the TEG matches the external load. Generally, the power output is approximately the
square of the temperature difference between the two ends of the thermoelectric module.
Hence, the power output evidently increases with increase in heat flux owing to increasing
temperature difference through the TEG, as shown in Figure 4. Moreover, the power
output is slightly increased and then declines with increase in the air flow velocity or
thermoelectric module number for a given heat flux. The peak power is generated at
the heat flux of 6000 W/m2 when the flow velocity is 0.45 m/s, and at the heat flux of
10,000 W/m2 and 14,000 W/m2 when the flow velocity is 0.80 m/s for one module and
two modules, respectively. Furthermore, the maximum power is generated at a heat flux
of 18,000 W/m2 when the flow velocity is 1.05 m/s for two modules. Similarly, the peak
power output is generated at the heat flux of 6000 W/m2 and 10,000 W/m2 when the flow
velocity is 0.45 m/s, and at the heat flux of 14,000 W/m2 when the flow velocity is 0.65 m/s
for three modules. When the flow velocity is 1.05 m/s for three modules and four modules,
the peak power is generated at the heat flux of 18,000 W/m2 and 26,000 W/m2, respectively.
However, although the maximum power output of the TEG increases with increase in
the thermoelectric module number, the maximum power output for each thermoelectric
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module declines with increase in the thermoelectric module number within the allowable
temperature. For example, the total power output of the TEG increases from 5.8 W to 11.4 W,
while the power output of each thermoelectric module is reduced from 5.8 W to 2.85 W
with increasing number of thermoelectric modules within the allowable temperature. The
self-sufficient operation can be achieved by adjusting the air flow velocity at different heat
flux. In the case of self-powered conditions, the maximum output power of TEG is 10.92 W,
and the maximum net power is 5.26 W.
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creasing temperature difference through the TEG, as shown in Figure 4. Moreover, the 
power output is slightly increased and then declines with increase in the air flow velocity 
or thermoelectric module number for a given heat flux. The peak power is generated at 
the heat flux of 6000 W/m2 when the flow velocity is 0.45 m/s, and at the heat flux of 10,000 
W/m2 and 14,000 W/m2 when the flow velocity is 0.80 m/s for one module and two mod-
ules, respectively. Furthermore, the maximum power is generated at a heat flux of 18,000 
W/m2 when the flow velocity is 1.05 m/s for two modules. Similarly, the peak power out-
put is generated at the heat flux of 6000 W/m2 and 10,000 W/m2 when the flow velocity is 
0.45 m/s, and at the heat flux of 14,000 W/m2 when the flow velocity is 0.65 m/s for three 
modules. When the flow velocity is 1.05 m/s for three modules and four modules, the peak 
power is generated at the heat flux of 18,000 W/m2 and 26,000 W/m2, respectively. How-
ever, although the maximum power output of the TEG increases with increase in the ther-
moelectric module number, the maximum power output for each thermoelectric module 
declines with increase in the thermoelectric module number within the allowable temper-
ature. For example, the total power output of the TEG increases from 5.8 W to 11.4 W, 
while the power output of each thermoelectric module is reduced from 5.8 W to 2.85 W 
with increasing number of thermoelectric modules within the allowable temperature. The 
self-sufficient operation can be achieved by adjusting the air flow velocity at different heat 
flux. In the case of self-powered conditions, the maximum output power of TEG is 10.92 
W, and the maximum net power is 5.26 W. 

Figure 5. Temperature Profiles from hot plate to air ambient. (a) Aluminum hot plate and heat sink
with fan cooling. (b) As in (a), but with a lower flow velocity. (c) As in (a), but with a lower heat flux.
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The thermoelectric efficiency is shown in Figure 7, which can be obtained from the 
power input of the heat source and power output, as shown in Equation (4). The efficiency 
increases slightly and then decreases with increasing flow velocity at a fixed heat flux. 
This is because the temperature difference of the TEG is slightly increased, while the ther-
mal conductivity and hot side temperature weakly decline with increase in flow velocity, 
as shown in Figure 5. As shown by Rowe et al. [30], the conversion efficiency is positively 
associated with the temperature difference and the figure of merit Z of the TEG, and is 
negatively associated with the thermal conductivity and hot side temperature of the TEG. 
Similarly, the conversion efficiency first increases and then decreases with increase in the 
heat flux of the heat collector. This is because the hot side temperature, temperature dif-
ference across the TEG, and the thermal conductivity all increase with increasing heat flux. 
Furthermore, the conversion efficiency decreases continuously with increasing number of 
modules for a given heat flux and flow velocity. This is because there is a higher temper-
ature on the hot side and larger temperature difference between the double sides of the 
TEG with fewer thermoelectric modules owing to the increasing heat flux of each module. 
The thermal resistance on the cold side declines with decrease in the number of modules 
owing to the larger heat dissipation area for each module. Under the competition of the 
temperature difference, hot-side temperature, and thermal resistance on the cold side, a 
maximum conversion efficiency of 1.8% is achieved for the two modules at a heat flux of 
14,000 W/m2 under self-powered conditions as shown in Figure 7b. 

Figure 6. (a) one module, (b) two modules, (c) three modules, (d) four modules. Maximum power
output at various air flow velocity and heat flux.
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The thermoelectric efficiency is shown in Figure 7, which can be obtained from the
power input of the heat source and power output, as shown in Equation (4). The efficiency
increases slightly and then decreases with increasing flow velocity at a fixed heat flux. This
is because the temperature difference of the TEG is slightly increased, while the thermal
conductivity and hot side temperature weakly decline with increase in flow velocity, as
shown in Figure 5. As shown by Rowe et al. [30], the conversion efficiency is positively
associated with the temperature difference and the figure of merit Z of the TEG, and is
negatively associated with the thermal conductivity and hot side temperature of the TEG.
Similarly, the conversion efficiency first increases and then decreases with increase in
the heat flux of the heat collector. This is because the hot side temperature, temperature
difference across the TEG, and the thermal conductivity all increase with increasing heat
flux. Furthermore, the conversion efficiency decreases continuously with increasing number
of modules for a given heat flux and flow velocity. This is because there is a higher
temperature on the hot side and larger temperature difference between the double sides
of the TEG with fewer thermoelectric modules owing to the increasing heat flux of each
module. The thermal resistance on the cold side declines with decrease in the number of
modules owing to the larger heat dissipation area for each module. Under the competition
of the temperature difference, hot-side temperature, and thermal resistance on the cold
side, a maximum conversion efficiency of 1.8% is achieved for the two modules at a heat
flux of 14,000 W/m2 under self-powered conditions as shown in Figure 7b.
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The connection mode of the thermoelectric modules also influences the thermoelec-
tric performance, and the effect of the connection mode on the power output of the four 
modules is shown in Figure 8 at a fixed flow velocity of 1.037 m/s. Generally, the maxi-
mum power of four modules in series is greater than that in parallel. The difference be-
tween series and parallel configurations increases with increasing heat flux of the heat 
collector. The corresponding connections of the four modules in series and parallel are 
shown in Figure 9, where each module is represented by the voltage sources V1, V2, V3, 
and V4, respectively. The reason for the power loss is the additional wire and connectors. 
However, the performances in series and parallels are almost the same because of the 
identical number of connections for ideal conditions. Several junctions exist in the parallel 
circuits. The existence of a junction implies that the current can propagate through multi-
ple pathways in the circuit. The current mainly travels along a path with low resistance 
when it reaches the intersection. Therefore, the power output decreases with increase in 
the junction number in the array configuration circuit. The power loss depends on the 
proportion of the current in the circuit. However, the temperature difference is different 
for each module in a practical system due to the different heat fluxes across the modules, 
resulting in different power outputs and electrical resistances for each module. Therefore, 
the difference in performance in series and parallel configurations increases with increas-
ing heat flux owing to the number of connections and unbalanced power output. 
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The connection mode of the thermoelectric modules also influences the thermoelectric
performance, and the effect of the connection mode on the power output of the four
modules is shown in Figure 8 at a fixed flow velocity of 1.037 m/s. Generally, the maximum
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power of four modules in series is greater than that in parallel. The difference between
series and parallel configurations increases with increasing heat flux of the heat collector.
The corresponding connections of the four modules in series and parallel are shown in
Figure 9, where each module is represented by the voltage sources V1, V2, V3, and V4,
respectively. The reason for the power loss is the additional wire and connectors. However,
the performances in series and parallels are almost the same because of the identical number
of connections for ideal conditions. Several junctions exist in the parallel circuits. The
existence of a junction implies that the current can propagate through multiple pathways in
the circuit. The current mainly travels along a path with low resistance when it reaches the
intersection. Therefore, the power output decreases with increase in the junction number in
the array configuration circuit. The power loss depends on the proportion of the current in
the circuit. However, the temperature difference is different for each module in a practical
system due to the different heat fluxes across the modules, resulting in different power
outputs and electrical resistances for each module. Therefore, the difference in performance
in series and parallel configurations increases with increasing heat flux owing to the number
of connections and unbalanced power output.
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4. Conclusions

A self-powered fan was designed, and the effects of the flow velocity, heat flux through
the heat collector, module number, and electrical connection mode on the performance of
the TEG were investigated. For a given number of modules, the temperature difference
across the TEG remains almost unchanged with variation in the flow velocity at a fixed
heat flux. The heat flux through the heat collector has a dramatic effect on the hot-side
temperature and the temperature difference across the TEG, which has a minor effect on the
cold-side temperature of the TEG. Consequently, the power output is more sensitive to the
heat flux and is less dependent on the flow velocity. The power output evidently increases
with increase in heat flux, and slightly increases and then declines with increase in the
air flow velocity or thermoelectric module number for a given heat flux. The maximum
output power of the TEG is increased from 5.8 W to 11.4 W, while the power output of each
thermoelectric module is reduced from 5.8 W to 2.85 W when the number of modules is
increased from one to four within the allowable temperature of the thermoelectric module.
In the case of self-powered conditions, the maximum output power of TEG is 10.92 W,
and the maximum net power is 5.26 W. The conversion efficiency is slightly increased
and then decreases with an increase in flow velocity or heat flux when other conditions
remain constant, and a maximum conversion efficiency of 1.8% is achieved for the two
modules at a heat flux of 14,000 W/m2. The maximum power of four modules in series
is higher than that in parallel. The difference between series and parallel configurations
increases with increasing heat flux of the heat collector. The heat source conditions of
this experiment are relatively stable. Considering the temperature fluctuation during the
combustion of household stoves, the subsequent experiments should be carried out on
specific household stoves for verification. The opposite air flow direction will study with
another fan in counter rotation and compare with the present case in the future work.
For the TEG system with domestic stoves as the heat source, setting the appropriate flow
velocity of fan for different surface temperature will result in better output performance.
More heat is delivered from the stove to the environment due to the forced convection with
the self-powered fan compared with the natural convection without the cooling of the fan.
The thermal efficiency of the stove will also be conducted in the future work.
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