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Abstract

A new concept of dual microcombustor based thermoelectric micropower generator with high power
density (~0.14 mW/mf) and high conversion efficiency (4.66 %) is reported in this work. A new
configuration with a dual microcombustor system is experimentally investigated with two
thermoelectric modules and operates with liquefied petroleum gas as fuel. The dual microcombustor
is fabricated using a rectangular aluminium metal block and detailed investigations on flame stability
limits and thermal characteristics were carried out. Dual microcombustor configuration helps to
significantly improve the flame stability limits and thermal characteristics over the single combustor
configuration due to increased flame-surface interaction and enhanced heat recirculation through solid
walls. Maximum power point tracking (MPPT) algorithm is applied to achieve a maximum power
output of 4.52 W with a maximum conversion efficiency of 4.66 %. The application of porous media
significantly helped improve the upper flame stability limits with a maximum conversion efficiency

of 4.32 %, and 4.66 %, at = 1 and 0.9 respectively at 10 m/s mixture velocity. The system
compactness and high output power with significantly improved conversion efficiency shows the
possibility of its application in various portable micro-scale power generators for remote, stand-alone,

military and aerospace applications.
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Nomenclature

| — Current (A)

m’ — Inlet mixture flow rate (kg/s)

Pn — Input power (W)

Paux— Pumping power\W/)

Pout— Electrical power output (W)

Qs— Heat supplied to module (W)

Qr — Heat rejected from module (W)

Ri — Internal resistance of modul@)

RL — Load resistanced)

tp — Porous media thickness\y

Tcod— Cold side temperature (K)

THot — Hot side temperature (K)
Tsurtace— Average surface temperature (K)
Uin — Inlet mixture velocity (m/s)

V’w— Volume flow rate of coolant (Ipm)

Greek symbols

¢ - Equivalence ratio

Q - Unit of electric resistance

Necon— Conversion efficiency
Abbreviations

LFSL- Lower flame stability limit
MPPT- Maximum power point tracking
TEG - Thermoelectric generator

UFSL- Upper flame stability limit



1 Introduction

Thereis a strong motivation to develop combustion-based portable power systems in the past few
decades due to fast development and implementation of micro electromechanical systemsi(MEMS)
various platforms and small power requirement by these systems for their efficient operation. The
usage of conventional electrochemical batteries as a power deumgeted in various military,
aerospace and standalone applications due to its inherent disadvantages suctecsalgnggtime,

heavy weight, low energy density and adverse environmental imETcts [1]. Hydrocarbon fdel-base
power source with a conversion efficiency~ob %, would result in six times higher power density

than advanced electrochemical battery concepts as illustrated in Fgetefore, combustion-based
systems for power generation are considered to be & alddinativeto conventional electrochemical
batteries owing to their high-power density, light weight and compacﬁize [2]. The poweredkliver

by various conventional electrochemical batteries has a sloping discharge curve and it falls
progressively througholits discharge cycle as shown in Fig. 1b. This could give rise to various
problemsn the system performance, particularly those requaicgnstant voltage supply throughout

their operation. Therefore, the combustion-based micropower generators could provide a better
alternative as they are capable of providingonstant power throughout the operational time with
minimum recharge time as shown in Fig. 1b. The hydrocarbon fuels had®8@imes higher energy
density than conventional electrochemical batts [3]. Therefore, various innovative methods to use
combustion-based power generators for such applications have been pursued by researchers all ove
the world B]. Flame stabilization in such small-scale combustors still continues to be a challenging
task due tats increased surface to volume raﬁs [6]. The strong thermal-wall coupling together with
the reduced residence time results in increased tendency of flame quenching through radical and

thermal quenching routgs|[7]. Researchers have implemented various innovative techniques of excess

enthalpy combustiofi [8-10] and catalytic combus, 12] to resolve the flame quenching issues at

such small scaleShou et aI] studied the effect of porous media on micro combustor performance.
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Their results show that higher and superior uniform temperature distribution along the combustor wall
can be achieved with the application of porous medjayan et aI.] studied the importance of

heat recirculation on meso scale combustor by performing a detailed parametric study on combustor
performance by varying the combustor material, inlet conditionsTétrough investigations on
various aspects of flame stabilization in swiss roll combustor by Shirsat andpta [13] and Wierzbicki
et al. ] indicate that extended extinction limits and combustion stability can be achieved with proper
thermal management in the swiss roll combusibings concept in the context of thrust generation for
various applications such as small robotics and nanosatellites also explored by same research grouy

using methanol as fuﬂﬂ‘}lumerous numerical studies have been performed to understand the flame

stabilization and its dynamics in microchannéts past decadq [16-20\Wan and Zhao| [17]

investigated the flame dynamics in a novel preheating micro combustor suitable for portable power
applications. They observed a wide stability and various instability regimes due to the interplay
between flame speed and flow velochyipoor etal. and Akhtar et aEO] performed a numerical
study on curved micro combustors suitable for photovoltaic power generation applications. The result
shows a significant increase in the flame stability limits and combustor wall temperature for the curved
micro combustor compared to the straight channel micro combuEheg observed a wide stability

and various instability regimes due to the interplay between flame speed and flow v&looist al.

used rectangular rib in the micro-cylindrical combustor for better flame stabilization. They
conducted a detailed parametric study on the geometry of ribs to achieve maximum wall temperature
and uniform temperature distributidgince, the conventional chemical batteries are outperformed due

to aforementioned issues, several combustion-based micropower generation systems such as micro ga

turbine I?] micro thermophotovoltaic generato 24], fuel c [25] and thermoelectric

generators| [26-30], were recently proposed and investigated. Although, heat engines could be

commonly proposed, their significant heat and friction losses due to the presence of moving parts make
them impractical for various applications at such small scales because of strong noise and low

conversion efficiencies. Thermoelectric and thermophotovoltaic power generators are simple systems



and subjected to less maintenance issues due to absence of movis [31, 32]. - fednad. [33]
reviewed several micropower generation systems and provided deep insights into recent advancement:

of such systems.

Several efforts have been made by researchers on23, 24] and fceII [25hicaspdwer
generators. Yang et 3] developed a micro thermophotovoltaic power generator usingdackwar
stepped combustor with 0.1&87 volume. The system delivered 1 ¥2power output with hydrogen

fuel. A single chamber solid-oxide fuel cell (SOFC) integrated with a Swiss-roll combustor by Ahn et
al. | was shown to achieve power densities of 420 mW/Ehey studied the extinction limits and
thermal behaviour of the system and achieved efficient performance even at low Reynolds.numbers
In comparison with the fuel cells and other combustion-based power systems, thermoelectric systems
are promising due to their low energy consumption, compactness, system reliability and lohg life o

modules. However, the low conversion efficiency of such systems is still an issue requiring attention

of material researche 1 35].

A TE based power generator using Silicon-coated catalytic combustor fabricated by Yoshida et al.
was able to produce 184mW power with 2.8 % conversion efficiency. Shimokuri aI. [28]
developed a mesoscale vortex combustor integrated with TE modules. Their result suggests that the
heat transfer was significantly enhanced due to formation of vortex flow and produced a system
efficiency of 3 % with a power output of 18.1 W. Yadav e [29] used a three-step combustor with a
recirculation cup as a heating source. They reported that the overall conversion efficiency was
improved from 1.2 % (single module) to 4.6 % for four-module configuration using the same
combustor. Merotto et aO] coupled a catalytic combustor &/ftEG (thermoelectric generator)

and achieved a conversion efficiency of 2.85 % with a 9.86 W of electric power output. Recently, the

same research group have developed a compact power source using the similar catalytic micro

combustor capable of delivering power output up W .



In the present study, a new dual microcombustor configuration based micropower generaten has be
proposed and experimentally investigated. The flame stabilitits, combustion and thermal
characteristics are investigated in detail. Two TEG modules are installed with appropriate heat sinks

to achieve maximum power output from the setup.

Although, several numerical studi 38] have been reported in literature on multi-combustor
configurations, an experimental demonstration of such configuration for portable power generation
needs to be implemented and explored. The system compactness and output power with high
conversion efficiency shows the possibility of its application in various portable scale power generators
for remote, stand-alone, military and aerospace applications. The novelty of the present viork lies
the configuration of the micro combustor and the performance of the micropower generator having

higher power density (0.14 mW/minwith higher conversion efficiency (4.66 %) .
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Fig. 1 (a) Comparison of the energy density of hydrocarbon fuels with conventional electroct
batteries. (b) Comparison of discharge curve of different battery systems and microcombust

power generation system.



2 Experimental setup details
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Fig. 2 Schematic of experimental setup.

Experimental setup consists of high pressure air, fuel tank, precision electric mass flow controllers
(MFC), pipeline and integrated micro combustor-thermoelectric generator system with power
measuring equipments as shown in Fig. 2. The required mass flow rates of LPG and air were supplied
using two separate electronic mass flow controllers Q05 Ipm for LPG and 6 2.0 Ipm for air)
controlled through command module connected to a computer. The fuel and air are thoroughly mixed
in the mixture chamber prior to the micro combustor iflee fuel is injected as a high velocity stream

into the fresh air in the mixing chamber to ensure complete mixing. Fuel-air mixture is ignited using a
pilot flame from a butane torch at the ignition port. The ignition port is closed after the flame
established in the combustion chamber to ensure exhaust gas recirculation through the
microcombustorThe accuracy of the measured mass flow rates is = 1 % of the full scale. In order to
measure the temperature on the outer walls of the heating medium, K type thermocouples of 0.5 mm

bead diameter with an accuracy of £ 2 % were used.

The dimensional details of the micro combustor are depicted in Figh&aual microcombustor with

backward steps and two recirculation holes is fabricated inside a rectangular aluminium metal block



of size 32x32x1@nm?. The dimensions of the heating medium are chosen to ensure their matching
with the dimensions of the thermoelectric modules. Aluminium is chosen owing to it high thermal

conductivity and lightweight.

2.1 Detailsof microcombustor and the micropower generator
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Fig. 3 (a) Dimensional details (b) Cross-section view of the dual microcombustor configura

The mixture inlet diameter of the microcombustor isrg, which gradually increases to 6 mm in steps

as shown in Fig. 3 a and bBotal mixture velocity (W) is calculated based on the inlet area
corresponding to 2 mm diameter. The total mixture is equally divided into two combustors through the
two 2 mm inlets of the dual combustdrhe combustor dimensions are same to alghmrevious
studies ]The steps provided in the micro-combustor create a sudden flow expansion, which

induces local recirculation near the steps. This helps increase the local residence time of fuel-air

mixture and enhances the flame stability limits [4(-42Jaddition to these micro-combustors, two 4

mm diameter holes are provided to dispel the combustion products. These holes further help to extract
excess enthalpy from exhaust ggmand preheat the fresh incoming mixture and simultaneously

transfer excess heat to thermoelectric modules. Detailed investigations have been carried out to
understand the effect of heat recirculation on flame stability limits and power generation as discussed

in the following sections.
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Fig. 4 Conceptual diagram of thermoelectric power generator.

The basic working principle of a thermoelectric power generator is illustrated in Ridieat source

or micro combustor, a heat sink and a thermoelectric generator (TEG) are the three essential parts of
any micro thermoelectric power generator. A temperature gradient is created across HyeaTteat

source and heat sink in turn induces the electron flow through Seebeck effect. An actual pimotogra

of the dual and singl9] microcombustor with thermoelectric modules is shown in Fig. 5 a and b
respectively. The system consists of two commercially availableBthermoelectric modules (TEG)

sized 30x30x3 mafrom Nippon India Ltd. mounted on top and bottom side of the microcombustor
along with multi-pass cooling jacke39]. Thetbermoelectric modules consist of number of
semiconductor couples connected thermally in parallel and electrically in series connections. The
semiconductor legs of these modules are mounted between two 0.8 mm thick ceramic wafers to provide
electrical insulation. This module has a capacity of deliveamgaximum power of 4.6V for a
temperature difference of 220 K.continuous film of thermal paste was applied on the either side of
theTEGto enhance the heat transi&ll.the measuringquipments are calibrated before commencing

the experiment. The total uncertainty in the reported daless thant 1.5 % for all experiments

reported in this wor9].
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3 Resultsand discussion

3.1 Combustion characteristicswithout TEGs
Initially, detailed experiments are carried out to evaluate the thermal performance of the new dual
microcombustor configuration before adopting it for power generation using thermoelectric modules

Flame stability limits and thermal characteristics are investigated as discussed below.

3.1.1 Effect of porous media on flame stability limits

Ceramic fibre wool, used as the porous medium in the present study, has a porosity of 0.92, density of
2600 kg/m, specific heat of 850 kJ/kg K, thermal conductivity of 0.03 W/m K and emissivity of 0.8.
Porous media helps to store the heat and preheat the incoming mixture and in turn increases the flame
speed through heat recirculation. A porous media is placed at the third step as shown in Fig. 3a to
enhance the flame stability limits. The effect of the thickness of porous mgdaifivestigated to

decide the optimum thickness as shown in Fig. 6a. It is clear that almost same surface temperature
(Tsurfacd IS Observed fort= 0 and 2 mm and it reduces with an increase in porous media thickness. The

flame is observed to quench at=t4 mm, 7 mm and 10 mm for 3 m/s, 5 m/s and 7 m/s velocity

10



respectively due to a significant reduction in the flow velocity and poor preheating of the incoming
mixture. Therefore porous media of 2 mm thickness has been used in the presenA selfy.
sustained flame is observed at different steps of the micro-combustor based on the operating
condition ]. A conical flame is formed which anchors at different steps and its position changes
with an increase in mixture velocity a fixed equivalence ratié\ flame stability diagram is plotted

to understand the operating regime of the micro-combustor configurdtienterms upper flame
stability limit (UFSL) and lower flame stability limit (LFSL) are used to defined the maximum and
minimum mixture velocity at which a sustained flame is achieved in the combustor for a fixed
equivalence ratio to understand the operating regime of the micro combugt@b shows the flame
stability regime of the proposed dual combustor with and without porous media at the third step,
keeping the ignition port open (no heat recirculatidv)stable flame is observed for a minimum
thermal input of ~ 10 WUpper flame stability limit is not observed with heat recirculation cases(tlos
ignition port condition) for both (porous and non-porous) the conditions. However, flame extinction
occurs at intermediate fuel flow rate conditions for free flame condition (non-porous media), when the
combustor is integrated with module and cooling jacket, due to excessive heat tidresiefiore, to

further improve the microcombustor performance, a ceramic wool based porous media of 2 mm
thickness was inserteat the third step of the dual microcombustor. The ceramic wool significantly
helped to sustain the flame at higher flow rates and helped increase the heat reciation [43]. The
lower flame stability limit (LFSL) remagd nearly same to that of free flame case. No upper flame
stability limit (UFSL) was observed with the porous media, even when the modules were mounted on

the combustor as shown in Fig. 6b.
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Fig. 6 (a) Effect of porous media thickness on thermal characteristics. (b) Effect of porous m
flame stability regime of dual microcombustor.

The composition of the LP&sprovided by the supplies 560 % butane and 40 % propane. Fuel flow
rate multiplied with its calorific value helps obtain the thermal input to the system. Combustion
completeness is measured through detailed exhaust gas analysis using a gas chromatograph and flu

gas analyzeriThese studies on combustion completeness have been reported earlier by Deshpande et

al. ],Taywade et al] and Fan e[45|11e combustion was nearly 9899% complete.

3.1.2 Temperaturedistribution

Figure 7a and 7b show the wall temperature and temperature uniformity of the proposed dual
microcombustor configuratiom,pre-requisite characteristic for TEG based power generation system.
Figure ‘& shows the temperature distribution on the combustor surface for 6.0 m/s mixture velocity
and ¢ = 1. Even though, there is a monotonic increase in the surface temperature along the axial
direction up to x = 19.2 mm, a slight overlap in peak temperature is observed between x = 25.6 and 32
mm locations. This variation is perhaps due to the flame location and a spread in the distribution of
temperature is due to presence of porous media at 25.6 mm (third step) location. However, it is to be
noted that the overall variation of surface temperature is less than 10 K along x and y-axis, which

confirms to the requirement of temperature uniformity at the outer surface. Figure 7b shows the
12



comparison of average surface temperature and exhaust gas temperature for a single and dua
microcombustor configurations @&t 1.0 with mixture velocities. The average temperature is obtained
using equidistant points along the central line on outer surface of the combustor. It is observed that the
average surface temperature reaches aroundK6#® 6.0 m/s mixture velocity. However, this
temperature drops significantly to safe operating limits of the modules (< 523 K), when thesnodule
are mounted on the combustor even at higher mixture velocities.

There is a significant increase in heat transfer from exhaust gas to combustor wall for the dual
combustor configuration as compared to single combrz@SQ],aﬁ< ATsingle) s clear from Fig. 7b

This is due to increased heat recirculation and increased flame-wall interaction. i rise is
obtained for dual combustor configuration at the same flow rate conditions. The increased heat transfer
in dual microcombustor configuration would help in improving the output power and overall

conversion efficiency of the micropower generator system.
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Fig. 7 (a) Wall temperature variation along y-axis at 6 m/s and (b) Variation eigaveurface an

exhaust gas temperature and with total mixture velocipy=at..0.
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3.2 Performance of micro power generation system
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Fig. 8 (a) Variation of temperature with mixture velocity for with and without TEG case:

Temporal variation of temperatures and output voltage for 6.0 ny/s &tO.

A detailed analysis of thermal and performance characteristics of the integrated systemnhas bee
carried out. The hot side temperaturedslincreases with the fuel input for both TEG and no TEG
case. Even though the combustor temperature increases beyond 673 K at 6.0 m/s flow velocity, a
significant drop in Fot (~483 K at 10 m/s) is observed, when TEGs are mounted as shown in Fig. 8a.
TEG modules absorb significant amount of heat andrdps to safe operating limits, which ensures

its safe operation within the experiment bounds. Figure 8b shows the temporal variatipmgaid

output voltaggV.) at a mixture velocity of 6 m/s arnd= 1.0. After establishing a stable flame inside

the combustor, the ignition port is closed (t = 0 min), angl Thcreases to 423 K within 6 minutes.

Then onwards, H remains nearly constant until the mixture supply is stopped at tmi25which
indicates the steady state of operation of the systenst study of 1 hour time period has been carried

out to understand the working time of the system. The system was able to produce a steady power
output after initial 6 mins of starting up time, till the fuel supply cea3dwough Tc also increases

after ignition,it does not exceed 308 K during the experiments due to high specific heat of cooling
medium. The output voltage of eaclkG follows a trend, similar to temperature and reaches its

maximum value of 2 V at t = 6 min and remains constant with time. These results indicate that the
14



system output reaches its maximum value withimié and ensure the practicality of the proposed

system.

3.21 Determination of maximum power output

A 0 — 20 Q range rheostat is connected in series with the thermoelectric generators to obtain the V-I
characteristics for the given conditions and to apply the maximum power point tracking (MPPT) to
extract the maximum power from the TEGs. The load resis{@&igén the circuit is varied in the step

of 0.2 Q manually and the corresponding voltage is measured using a voltmeter for different fuel
inputs. Power output is calculated using:B V.%R. formula. This has been also verified by using

the formula Bu= Vx| for each caseMaximum power from the module is extracted using the technique

of maximum power point tracking algorithm and the V-I characteristics are recorded for different
electric loads. Figure 9a shows the variation of power with mixture velocity for different load
resistances. It can be seen that, the output power peaks towamsidtance and decreases on both
sides of the load resistance. The maximum power is extracted from the system, when the internal
resistance of the module matches with the external load resistance. A similar trend has been observec
for all mixture velocities considered in the present , 46]. Figure 9b shows the variation of
power output and current with the voltage for a single module case. Maximum power of 2.3 W is
obtained with an optimal electric current of 0.9 A. This condition implies the matching of the internal

resistance of TEG with the load resistance.
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Fig. 9 (a) Variation of power with load resistance for different mixture velocities and (b) Variat

power and current with the voltage at 7 m/s @mdl.0.

3.2.2 Effect of operating parameterson power generation

Conversion efficiency is defined as the ratio of electrical power output to the chemical energy input.
Chemical energy input is calculated from fuel flow rate multiplied with its calorific valueginLo,

several experiments were conducted to understand the effect of coolant flow rate on electrical power
output (Ruy). It is observed that coolant pumping powes{Hncreases from 0.09 W to 0.51 W, when

the coolant flow rate increases from 0.5 to 2.0 Ipm as shown in Fig. 10. However, no significant
variation in power output is observed for flow rates greater than 1.0 Ipm due to the higher heating
capacity of water. For instance, net power outpud:{fPaux) of 2.05 W is achieved at stoichiometric
conditions for 6.0 m/s mixture velocity. It is clear from this figure that the pumping power required
for driving the coolant is negligible as compared to total power output. Therefore, all the experiments

in the present study are conducted at a coolant flow rate of 1.0 lpm.

1.0 2.5
0.8 /.—C. 2.0

g 0.6 15 5

o’ 0.4 1.0 &
0.2 0.5
0.0 : ‘ ; . 0.0

0.5 1.0 1.5 2.0
V', (Ipm)

Fig. 10. Variation of auxiliary and electric power output for different coolant flow rate at 6 m,

o=1.

Figure 11a shows the variation of output power with mixture velocity for different equivalence ratios.
It is observed that nearly equal power is obtained@ fo10.9 and 1.0 mixture conditions. FpeE 0.8,

a significant reduction in electric power output is observed. This might be due to reduced thermal

16



input, which results in lower temperature within the combustor and hence lower power output from
the modules. Figure 11b shows the variation of overall conversion efficiency with the mixture velocity
for different equivalence ratios. Maximum conversion efficiencies of 4.32 %, 4.66 % arfs 40
obtained witha corresponding power of 4.62 W, 4.5 W and 3/ iespectivehyat$ = 1.0, 0.9 and 0.8
with Un = 10 m/s. The obtained power output, power density and conversion efficiencies are

significantly higher compared to those reported earlier from such systems.

3 4 5 6 7 8 9 10
U, (m/s) U;, (m/s)

Fig. 11 Variation of (a) Output power (b) Conversion efficiency with total mixture velocity.

3.2.3 Comparison of dual and single microcombustor configurations

A comparison of thermal input and power output as a function of mixture flow rate for single and dual
combustor configuration gt= 0.9 is shown in Fig. 12a. The increasing trend of power curve provides
an insight ino the further increase of mixture flow rate for obtaining higher power outputs. Maximum
output power of 3.89 W and 4.6 W is achieved for single and dual combustors respectively for a

mixture flow rate of 2.35 g/min (k= 10 m/s) with an input power of ~ 9V.

17
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Fig. 12 Comparison of (a) Power output (b) Conversion efficiency and temperature differe

single and dual microcombustorspat 0.9.

The conversion efficiencyncon) for both the combustor configurations followssimilar trend as

shown in Fig. 12b. Theeonis a strong function of combustor wall temperature as electric power output
depends on th&T, (Thot— Tcod) across the TEG. The distributed temperature profile on the combustor
wall and enhanced flame-surface interaction in dual combustor has an increased influence in increasing
the wall temperature as discussed eafiarimprovement in the residence time of the reacting mixture

due to multiple zones also helps in better heat transfer to the solid wall. This can beattiielauiyd

from the increase IAT (THot — Tcoid) Of dual combustor system as shown in Fig. B&bincrease of

10- 20 K temperature difference from single to dual combustor resudssiicrease of ~ 0.2 to 0.6

% in ncon for the dual combustor system. Recent numerical st38, 47] also predicted similar
improvements in thermal characteristics of multichannel microcombustors over a single-channel

microcombustor.

A detailed energy balance is obtained for intermediate velocities of 3, 5 and 7pmm/4.8t The total

heat input to system is chemical eneafyhe fuel, calculated using fuel flow rate multiplied with its
calorific value. The heat loss from TEG to heat sink is determined using Peltier effect, heat conduction
and Jules heating effect. The combustor temperature is assumed to be uniform to obtain the convective
heat loss through the side surfaces of the heating medium, where TEGs are not mounted. Therefore

the total heat lost through the exhaust gas can be expessRef,..= Qpu — (Qsink + Qiosd - It can be
18



observed from Table 1 that major part of the heat is lost through exhaust gaseg,(@hich shows

that nearly 60% of the total heat is rejected to surroundings. Heat rejected through thermoelectric
modules to sink (&) is around 20- 30 % and it increases with an increase in power output from
thermoelectric modules. It is interesting to note that, although the heat loss from all parts of the
combustor increases with an increase in thermal input, the overall contribution of heat loss in the heat
balance decreases (4.4 % to 3.54 %) due to the significant dominance of thermal input over the total

heat loss.

Table 1. Energy balance summary for various operating conditiord:o@l thermal inpu
QexhaustHeat-loss through exhaust,§— Heat-loss through uncovered sides of systegax<€
Heat-loss through sink, eBcricElectric power generated. Numbers in parentheses

respective percentage.

(W) Uin = 3.0m/s Uin = 5.0m/s Uin = 7.0m/s
Qinput 32.14 53.57 75.0

Qsink 9.14 (28.43 %) 15.42 (28.78 %) 22.34 (29.78 %)
Qioss 1.42 (4.4 %) 2.06 (3.85 %) 2.65 (3.54 %)
Qexhaust 21.02 (65.39 %) 34.51 (64.41 %) 47.27 (63.03 %)
Pelectric 0.57 (1.78 %) 1.59 (2.96 %) 2.74 (3.66 %)

) Single combustor

- B =
3 / / W Electric Power
M
: n
s 30 1 26.5% % =" %

N 3-*% ”""‘

Dual combustor

Fig. 13 Comparison of energy balance for single and dual combustor at 7 r
and¢ = 1.0.

The heat loss increasesl.5 %) due to increased bare surface area for dual combustor configuration.
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A significant improvement in heat transferred to the sink (~98)Ghrough solid walls for dual
combustor helps to increase power output compared to single combustog) & &hown in Fig.

13. The novelty of the present system lies in the design and performance of the dual microcombustor
configuration for increased power generation with improved power density of 14 midsim
compared to 12 mW/mhfor single combustor systemhe power density is defined as the ratio of
output power to the total volume of the power generator including micro combustor, TEG/TPV and
cooling jackets. The overall size of the power generator system is extremely important for portable
power applicationsDue to high power density, the dual combustor design appears to be a promising
alternative for micropower generation and capable of delivering a maximum power of 4.5 W with a
conversion efficiency of 4.6%.

It is interesting to note from Fig. 14 that, though many researchers have came up with various
combustion based micro power generators in the past d,, 30, 38], no system in the
literature has shown to operate at high overall conversion effigredcd) with a high power density

( > 0.08 mW/mm). There is a significant increase in both the power density and overall conversion
efficiency over last two decades. The present micro power generator is an appreciable contribution to

the increasing demand of high power density with high conversion efficiency as shown in Fig. 14.
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Fig. 14 Performance comparison of combustion based micropower generators.
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The present study disciesthe performance of an efficient prototype of a micro thermoelectric power
generator using premixed LPG-air mixture. The results reveal that, the proposed prototype offers
significantly high power density with improved conversion efficiency as compared to the similar
power generators reported in the literature. However, it is important to understand the practicality of
the system for real life applications. Therefore our research group is currently workitige
development of a self-aspirating micro power generator, where air is entrained into the micro
combustor from atmosphere through an ejector system using the kinetic energy of the high speed fuel
jet. Furthermore, the total size of the system should be reduced further to increase the power density
for the next generation stand-alone power generation systems. The present study provides a grea
insight into the influence of various operating parameters such as inlet velocity and equivalence ratio
and the effect of porous media on flame stabilization and power output. This would help in the design

and development afnew self-aspirating portable power generator for various real life applications.

4 Conclusions

In the present study, a planar dual microcombustor configuration has been shown to work for power
generation with increased power density of 0.14 m\W@mad higher conversion efficiency (4.%6.

Flame stability and thermal characteristics of the proposed dual microcombustor configuration are
experimentally investigated. The upper flame stahblilityts were significantly enhanced with porous
media due to preheating of fresh mixture through heat recirculation contribution of porous media. The
dual combustor configuration offers superior temperature uniformity and higher surface temperature
due to increased flame-surface contact and enhanced heat recirculation. Maximum conversion
efficiencies of 4.32 %, 4.66 %, and 4 %®with a maximum power of 4.62 W, 4.5 W and 3.61 W are
achieved fop = 1.0, 0.9 and 0.8 respectively at a mixture velocity of 10 Tims.major advantages of

the present system include (i) Improved thermal and flame stability characteristics of the integrated
dual microcombustor (i) High power density (0.14 mW/end high conversion efficiency (4.66

%) of the system, (iv) Easy to fabricate from the application view point (v) Quick startup time for

system and non-degradable performance with time.
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