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Abstract  
Combustion characteristics of premixed H2-air 
numerically investigated in wavy wall 
microchannels to examine the ability of such 
geometries to use as the heat source of a micro 
thermophotovoltaic system. Effect of inlet velocity, 
wall wave number, wave amplitude, and wall 
thermal conductivity studied by calculation of wall 
and fluid temperatures and the system's total 
efficiency. According to the results, wall temperature 
increases by inlet velocity enhancement due to flame 
stretch and flame transfer towards the concave areas 
contrived in the walls, whereas total efficiency of the 
system decreases due to fuel consumption 
increasement. It was found that when the number of 
waves enhances up to 10, the total efficiency of the 
system rises 74% in comparison with the similar flat 
wall microchannel. Moreover, wavy walls showed 
good thermal performance when heat recirculation 
increased by wall thermal conductivity. It caused to 
increase average wall temperature and the total 
efficiency accordingly. Finally, the results showed 
acceptable potential of wavy microchannels for 
usage in the micro thermophotovoltaic systems. 
Keywords: Wavy wall microchannel, Hydrogen, 
Emitter efficiency, Heat recirculation 
 

Introduction  
Micro thermophotovoltaic (MTPV) systems have 
increased attention due to their advantages over 
traditional chemical batteries. An array of 
photovoltaic cells in the vicinity of a heat source (or 
thermal emitter) can convert thermal energy to 
electricity, which can be used as a power source of 
portable micro-electro-mechanical systems (MEMS). 
Although the batteries have been the only sources of 
power in portable MEMS for years, today, demand 
for small, light-weight, fast-charging, and high 
voltage power sources have  challenged their usage. 
It has led to the development of micro combustion 
chambers as heat sources of the MTPV systems. 
Because of the exothermic reaction and high surface-
to-volume ratio of micro combustion chambers, 
energy density is high enough to be worth paying 
more attention to. In addition, micro combustion 
chambers can better adapt to size reduction. For 
instance, even if we use a micro combustor as a heat 
source with an energy converter of 10% efficiency, 
the scale of the power system can be reduced to one-
tenth the size of conventional chemical batteries [1]. 

As a practical example, a prototype of a microtube 
combustor of 0.113 m3 in volume developed by Yang 
et al. [2] succeeded in delivering electrical power 
output of 0.92 W, as it was contrived in a MTPV 
power generator with a GaSb photovoltaic cell array. 
However, miniaturization of combustion chambers 
has challenges due to the high level of heat flux, 
inadequate residence time for complete combustion, 
and even flame-wall interaction, which may be the 
leading cause of blow-off, instabilities, and 
quenching phenomena. These challenges caused 
some innovations to be born to improve micro 
combustors performance and flexibility. Yang et al. 
[3] examined microtubes with a backward-facing 
step to prolong flow residence time. Vortexes 
generated due to the backward-facing step, had an 
important effect on the flame location and let the 
micro combustion chamber examine higher mass 
flow rates without blow-off. Yang et al. [3] showed 
that increasing the backward-facing step's height 
could raise the maximum output power of the 
system. An experimental study on the wall 
temperature and radiation heat flux of cylindrical 
micro combustors with a backward-facing step was 
carried out by Li et al. [4]. They found that the 
optimum efficiency was achieved at equivalence 
ratio of 0.8 for premixed H2-air, independent of the 
combustor’s diameter, length, and flow velocity, if 
the micro combustor worked as an emitter. Fan et al. 
[5] investigated a micro combustor with a bluff body. 
The recirculation zone behind the bluff body 
increases flow time, also it can store released heat of 
combustion. They showed as the thermal 
conductivity of material increases, more heat is 
transferred to upstream walls, and the incoming 
mixture is preheated better. Therefore, the gaseous 
volume expands more dramatically, which leads to a 
smaller low-velocity zone behind the bluff body. 
Hence, the blow-off limit becomes more limited. In 
the following, Fan et al. [6] followed their study by 
investigating bluff-body shape. They demonstrated 
that the triangular bluff body has a smaller blow-off 
limit than the semicircular one because of the 
stronger flame stretch caused by shear layers. Ansari 
and Amani [7] investigated a micro combustor with 
a bluff body and baffle. They showed that the 
efficiency of the system decreases in the absence of 
the baffle, and the flame is not stable at some 
conditions in the absence of the bluff body. Akhtar et 
al. [8] showed that stepped micro combustors with 
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trapezoidal and triangular cross-sections had higher 
efficiency when used as a heat source in the MTPV 
systems. Qian et al. [9] numerically investigated the 
performance of a MTPV system with a porous wall 
and bluff body. The system succeeded in attaining 
maximum total efficiency of 9.41%. Zuo et al. [10] 
showed that making a cavity in the microtube 
combustors caused to rise thermal performance of 
the micro combustor for MTPV applications. Because 
it has positive effects on reducing the nonuniformity 
of the outer wall temperature. Alipoor et al. [11] 
numerically investigated performance of a radial 
micro combustor by premixed H2-air mixture. They 
found that generated vortexes are suitable for 
intensifying reactions in the radial part of the micro 
combustor. Their system achieved maximum total 
efficiency of 3.14% at equivalence ratio of 0.8. 
Recently, more complex geometries such as counter 
flow double-layer four-channel micro combustors 
[12], U-shaped microtubes [13], microtube with 
internal micro-fin [14] and multi-channel micro 
combustors [15] are investigated and researches are 
still ongoing. Their purpose is to achieve high and 
uniform wall temperature distribution while less 
fuel consumption. Combustion characteristics of 
premixed methane-air in wavy wall microchannels 
with heated walls investigated by Mansouri [16]. It 
was found that wall temperature enhancement 
moves the flames towards the inlet, whereas the 
flame moves towards the outlet by wave number 
enhancement. Mansouri [17] followed investigations 
by calculation of emitter efficiency and found that 
wavy walls increase the emitter efficiency by 8.3% 
compared to flat walls. Despite the superiority of 
hydrogen over other hydrocarbon fuels, 
investigation of hydrogen combustion 
characteristics in wavy microchannels is missed in 
the previous research. While hydrogen has 
advantages, including higher heating value and low 
emission. Also, the effects of the wall's wave 
amplitude and thermal conductivity have not been 
considered in the existing literature. With this 
motivation, combustion characteristics of premixed 
H2-air numerically investigated in the present work 
with the effect of wall parameters containing 
thermal conductivity, the amplitude of waves, the 
number of waves, and inlet velocity on the MTPV 
efficiency. 
 
Governing Equations 
Governing equations consist of continuity, 
momentum, species conservation, energy, and ideal 
gas law, which drove as steady state. Turbulent flow 
regime is assumed, and the Realizable 𝐾 − 𝜖 model is 
chosen for turbulence model because this model is 
better for rotation, strong adverse pressure 
gradients, recirculation, mixing, and channel flows 
[18]. Governing equations are presented by 
equations (1) to (6). For the symbols used in the 
equations, see the list of symbols following the 
conclusions section.  

Continuity: 

𝜕(𝜌𝑢𝑖)

𝜕𝑥𝑖
= 0 

(1) 

 
Momentum: 

𝜕(𝜌𝑢𝑖𝑢𝑖)

𝜕𝑥𝑖
= −
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(2) 

 
Energy in the fluid: 

∂(𝜌𝑢𝑖ℎ)
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(3) 

 
Species conservation equation: 

𝜕(𝜌𝑢𝑖𝑌𝑖)

𝜕𝑥𝑖
=

𝜕

𝜕𝑥𝑖
(𝜌𝐷𝑖,𝑚

𝜕𝑌𝑖

𝜕𝑥𝑖
) + 𝜔̇𝑖 

(4) 

 
Ideal gas equation of state: 

𝑃 = 𝜌
𝑅𝑢

𝑊
𝑇 

(5) 

 
Energy in the solid region: 

∂

∂𝑥𝑖
(𝑘𝑠

𝜕𝑇

𝜕𝑥𝑖
) = 0 

(6) 

 
Where Ks is wall thermal conductivity. Di,m is the 

average mass diffusivity of the ith species and 
calculated as [19]. 
 

𝐷𝑖,𝑚 =
1 − 𝑥𝑖

∑ (
𝑥𝑖

𝐷𝑖𝑗
)𝑗≠𝑖

 
(7) 

 
Chapman-Enskog relation [19] is used to calculate 
the binary diffusion coefficient Dij as follows: 

 

𝐷𝑖𝑗 = 10.1325
0.001858𝑇1.5(𝑊𝑖𝑗)

−0.5

𝑝𝜎𝑖𝑗
2𝛺𝐷

 

 

(8) 
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0.193

exp(0.47635𝑇𝑁)

+
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exp(3.89411𝑇𝑁)
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𝑇𝑁 =
𝑇

𝐸𝑖𝑗
      ;   𝐸𝑖𝑗 =

𝜀𝑖𝑗

𝑘𝐵
     ;    𝜀𝑖𝑗 = (√𝜀𝑖𝜀𝑗) 

 
Transport equations for the Realizable K- model are 
[18]; 
 

𝜕

𝜕𝑥𝑗
(𝜌𝑘𝑢𝑗) =

𝜕
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[(𝜇 +

𝜇𝑡

𝜎𝑘
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𝜀
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(10) 

 
Where, 

 

𝐶1 = max [0.43,
𝜂

𝜂 + 5
] ,   𝜂 = 𝑆

𝑘

𝜀
 , 

𝑆 = √2𝑆𝑖𝑗𝑆𝑖𝑗   , 𝑆𝑖𝑗 =
1

2
(

𝜕𝑢𝑗

𝜕𝑥𝑖
+

𝜕𝑢𝑖

𝜕𝑥𝑗
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(11) 

 

And turbulent viscosity is calculated as: 

 

𝜇𝑡 = 𝜌𝐶𝜇

𝑘2

𝜀
 

(12) 

 
𝐶𝜇 is no longer constant and it is computed from:  

 

𝐶𝜇 =
1

𝐴0 + 𝐴𝑠
𝑘𝑈∗

𝜀

  , 𝑈∗ = √𝑆𝑖𝑗𝑆𝑖𝑗 + Ω̃𝑖𝑗Ω̃𝑖𝑗 

Ω̃𝑖𝑗 = Ω𝑖𝑗 − 2𝜀𝑖𝑗𝑘𝜔𝑘   

Ω𝑖𝑗 = Ω𝑖𝑗 − 𝜀𝑖𝑗𝑘𝜔𝑘    

𝐴0 = 4.04 ,   𝐴𝑠 = √6 cos ∅  
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1

3
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𝑆̃ = √𝑆𝑖𝑗𝑆𝑖𝑗   ,         𝑆𝑖𝑗 =
1

2
(
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(13) 

 

Where Ω𝑖𝑗  is the mean rate of rotation tensor viewed 

in a moving reference frame with the angular 
velocity 𝜔𝑘.  
Three kinds of efficiency, named as energy 
conversion efficiency (ηQ), emitter efficiency (ηRad), 

and total energy conversion efficiency of the MTPV 
system (ηtotal), were defined as Eqs. (14)-(19) [13], 
respectively. The heat loss (convection and 
radiation) ratio to the chemical heat release rate is 
defined as the energy conversion efficiency.  
 

η𝑄 =
𝑄̇𝑤

𝑄̇𝑅

 
(14) 

 

Where Q̇w and Q̇R are total heat loss rate from the 
external wall and chemical heat release rate, 
respectively. These are defined as: 
 

𝑄̇𝑤 = 𝜎𝜖𝐴(𝑇𝑤
4 − 𝑇𝑠𝑢𝑟𝑟

4 ) + ℎ𝑐𝑜𝑛𝑣𝐴(𝑇𝑤 − 𝑇𝑠𝑢𝑟𝑟) (15) 

𝑄̇𝑅 = 𝑚̇𝐻2
𝑄𝐿𝐻𝑉 (16) 

 
Where Tw and Tsurr are wall temperature and 
surrounding temperature, respectively. ṁH2

 is the 

mass flow rate of the hydrogen. Also, the lover 
heating value of the hydrogen, QLHV is considered to 
be 119 MJ Kg⁄  [19]. The ratio of the radiation heat 
transfer rate from the outer surfaces of the micro 
combustion chamber (Q̇Rad) to the chemical heat 
release rate (Q̇R) is defined as the emitter efficiency 
(ηRad).  
 

η𝑅𝑎𝑑 =
𝑄̇𝑅𝑎𝑑

𝑄̇𝑅

 
(17) 

 
Where, 
 

𝑄̇𝑅𝑎𝑑 = 𝜎𝜖𝐴(𝑇𝑤
4 − 𝑇𝑠𝑢𝑟

4 ) (18) 

 
The total energy conversion efficiency of the MTPV 

system (ηTotal) is calculated by multiplying the 

emitter efficiency (ηRad) and MTPV array efficiency 

(ηMTPV) as:  

 

η𝑇𝑜𝑡𝑎𝑙 = η𝑅𝑎𝑑η𝑀𝑇𝑃𝑉  (19) 

 
MTPV array efficiency (ηMTPV) is defined as the 
conversion of the radiation energy to electrical 
energy. Its value is assigned to be 15% [13]. 
 
Geometry, Boundary Conditions, and Numerical 
Approach 
A set of two-dimensional  wavy microchannels were 
chosen for the geometry, and their schematic 
diagrams were illustrated in Figure 1(a). All of them 
have 45 mm long and 2 mm in channel width. Inner 
walls are chosen wavy because it helps to promote 
absorption of released heat due to surface 
enhancement, whereas outer walls are considered 
flat. Waves of the inner walls were designed based on 
a profile that is presented by Eq (20). In order to 
focus on geometry aspects, two parameters a and b 
were defined in the equation of the internal wall 
profile. The parameter a denotes amplitude of 
waves, b denotes the number of waves, and the 
geometries are categorized by them in Figure 1(b). 
Also, the minimum thickness of the wall is 
considered 0.8 mm for all cases.  
 
 

𝑦 = 𝑎𝐶𝑜𝑠(2πb⁄L) (20) 

 
 



FCCI-2022-0078 

 

Ninth Fuel and Combustion Conference of Iran 

 
(a) 

 
(b) 

Figure 1: Dimensions and defined geometrical 
parameters (a), microchannels which categorized 

based on defined geometrical parameters 
 

Regarding the boundary conditions, uniform inlet 
velocity and zero-gradient pressure are applied at 
the inlet where premixed H2-air is entered at the 
temperature of 300 K and equivalence ratio of 0.8. 
No-slip boundary condition for velocity and zero-
gradient boundary condition for pressure and 
species mass fractions are considered at the inner 
walls. Also, coupled condition is assumed for the 
temperature at the fluid-wall interface. Mixed 
conditions (convection and radiation) are 
considered at the outer walls. Surrounding 
temperature and convection heat transfer coefficient 
were set to 300 K and 10 W m2. K⁄ , respectively 
based on the existing literature [20]. Thermal 
radiation emissivity of the wall and thermal 
conduction coefficient of the wall is determined 
according to the wall material where Quartz and 
Silicon Carbide were considered as the wall 
materials, and their thermal properties are reported 
in Table 1. Pressure-outlet boundary condition is 
imposed at the outlet where the outlet pressure is 
assumed 1atm. In order to initiate the combustion 
process and activate reactions, the initial 
temperature is set to 2000 K for both fluid and solid 
zones. This should not affect numerical results 
because of steady state condition. The second-order 
upwind scheme and SIMPLE algorithm were 
considered for the governing equations 
discretization and coupling of the pressure-velocity 
fields, respectively. Also, residuals were set to 10−6 
for convergence criterion. Surface reactions were 
neglected, and Discrete Ordinate (DO) model was set 
for surface-to-surface thermal radiation. Governing 
equations were solved in two-dimensional by ANSYS 
Fluent 19.2. About mechanism of the combustion, 
detailed chemical kinetics [21] consisting of 9 
species and 20 reversible elementary reactions used 
for the H2-air combustion mechanism.  
 

Table 1: Thermal properties of wall materials  
Material 𝑘𝑠 (w/m.K) 𝜖 

Quartz[12] 1.05 0.92 
Silicon Carbide[22] 32.8 0.9 

 

Solver Validation and Gride Study 
A prototype MTPV power generator of Yang et al. 
[23], containing several stepped microtubes, 
differentiated by their wall thickness is selected for 
solver validation. Experimental results exist for the 
average wall temperature of the micro combustion 
chambers for premixed H2-air combustion. The 
thickness of 0.6 mm is selected for comparison, and 
numerical results showed good agreement with the 
experimental results according to Figure 2.  
Four different structured grides were generated for 
gride study. In order to extract the results in a better 
way, three guidelines have been defined and plotted 
according to Figure 3. AB is a polyline defined along 
the center of the microchannel width, CD and EF are 
straight lines on the top and bottom of the outer 
walls, respectively. Gride study is performed for the 
case of U=8 m/s, ϕ=0.8, b=6, a=0.5 mm and K= 1.05 
W/m.K. Temperature values along the AB polyline 
are drawn for the grides. According to Figure 4, the 
dependency of the results on the grides can be 
ignorable for the gride containing 26100 cells. 
Therefore, the gride of 26100 cells is chosen for the 
rest of the results. 
 

 
Figure 2: Solver validation for U=12 m/s and wall 

thickness of 0.6 mm 

 

 
Figure 3: Defined guidelines for result extraction 

 

 
Figure 4: Temperature variations along the AB 

polyline for the case of U=8 m/s, 𝛟=0.8, b=6, 
a=0.5mm and kS = 1.05 W/m.K 
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Results and Discussion 
 

Effect of Inlet Velocity 
Results are presented in this section. The 
equivalence ratio was set to 0.8 for all cases. Since OH 
radical is an active radical in the flame front, it is 
elected to display the flame shape and location. Thus, 
contours of OH mass fraction are shown in Figure 5 
for the case of b=6, a=0.2 mm, and K= 1.05 W/m.K 
versus various inlet velocities. According to the 
contours, the flame has an asymmetric shape at all 
considered velocities due to the asymmetric 
geometry of the microchannel. Also, the flame is 
strengthened near the walls because the OH mass 
fraction has a higher value. The reason is the 
existence of concave areas in the walls which operate 
as cavities and cause to reduce flow velocity. 
Therefore, flow residence time increases versus 
reaction time near the walls. Subsequently, the 
released heat of combustion should be more 
significant in the concave areas.  
As shown in the Figure 5, flame stretch increases, as 
the inlet velocity increases. While inlet velocity 
enhancement has no considerable effect on the flame 
location (near the walls) from the beginning of the 
channel even when the inlet velocity increases up to 
16 m/s. Therefore, wavy walls can prevent blow-out 
at high inlet velocities and increase the upper 
flammability limit because they fix the flame at the 
inlet. 
 

 
Figure 5: OH mass fraction variation for various 

inlet velocities, b=6, a=0.5 mm, 𝛟=0.8 and kS = 1.05 
W/m.K 

 

Figures 6 (a)-(c) show temperature distribution 
versus the inlet velocities along the defined 
guidelines. It is observed in Figure 6 (a) that reacting 
flow has a higher temperature in the first half of the 
microchannel at lower inlet velocities. In contrast, it 
has a lower temperature in the second half of the 
channel because the combustion zone moves from 
the centerline to the concave areas of the wall by 
inlet velocity enhancement, according to the Figure 
5. Inlet velocity enhancement decreases flow 
residence time versus diffusion time across the fluid 
flow. Therefore, released heat of combustion and 
species need a longer distance to diffusion from the 
near walls (where generated) to the center of the 
microchannel. That's why the flow has a lower 
temperature along the first half of the centerline. 
However, flame stretch increment at high inlet 
velocity makes the reacting flow have a higher 
temperature at higher inlet velocities in the second 

half of the microchannel, according to Figure 6 (a). 
Figures 6 (b) and (c) illustrate temperature variation 
along the top and bottom walls, respectively. 

 
(a) 

 
(b) 

 
(c) 

Figure 6: Temperature variation versus inlet 
velocity along the defined guidelines for (a) fluid, 
(b) upper wall and (c) bottom wall for 𝛟=0.8, b=6, 

a=0.5 mm and kS = 1.05 W/m.K. 
 

According to the figures, the bottom wall has a higher 
temperature near the inlet because the first concave 
area of the bottom wall is closer to the inlet. Wall 
temperature increases with the inlet velocity at the 
rest of the length due to the flame stretch and other 
concave areas. The flame surface increases, as the 
flame stretch. It causes to increase released heat of 
combustion. Moreover, inlet velocity enhancement 
causes to push the combustion zone to the walls. 
Therefore, most of the combustion heat is released 
near the wall. Due to the lower value of the flow 
velocity, especially in the concave areas, there is 
more time to transfer the heat of combustion to the 
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walls than the center of the channel. Therefore, wall 
temperature increases with the inlet velocity.  
 

Effect of the Wave’s number 
The parameter b denotes the number of concave 
areas named as concave or wave number. Effect of 
wave number on the combustion zone shown in 
Figure 7 for the case of a = 0.5 mm, U = 16 m/s and K 
= 1.05 W/m.K. According to the figure, as the number 
of waves increases, concave areas become smaller 
and closer to the inlet. Therefore, trapped 
combustion zones in the concaves are closer to the 
inlet. Consequently, flame stabilizes at the beginning 
of the microchannel even if the inlet velocity 
enhances up to 16 m/s. Figures 8 (a) and (b) 
represent upper and bottom wall temperature 
distribution versus various wave numbers, 
respectively. As the Figure 8 (a) indicates, upper wall 
temperature increases with the wave number, 
especially in the vicinity of the inlet because concave 
areas locate closer to the inlet. In addition, the 
number of trapped combustion zones increases in 
the vicinity of the inlet.  
 

 
Figure 7: Effect of the wall wave number on the 

flame, U=16m/s, a=0.5 mm, 𝛟=0.8 and 
K=1.05W/m.K. 

 
(a) 

 
(b) 

Figure 8: Temperature variation versus different 
wave numbers for (a) upper wall and (b) bottom 

wall at 𝛟=0.8, U=16m/s, a=0.5 mm and 
kS=1.05W/m.K. 

Effect of concave number enhancement on the wall 
temperature enhancement is greater for the bottom 
wall, according to the Figure 8 (b). As the wave 
number increases from 6 to 10, wall temperature 
raises by 534 K in the vicinity of the inlet. This is 
desirable for MTPV applications where high and 
uniform wall temperature distribution is needed for 
the emitter efficiency enhancement.  
Therefore, as the wave number increases and 
subsequently concave areas become more, 
especially in the vicinity of the inlet, wall 
temperature becomes higher and more uniform. 
 
Effect of the wave’s amplitude 
Three microchannels that are differentiated by their 
wall's wave amplitude are investigated in this 
section. Contours of OH mass fraction shown in 
Figure 9 for U = 12 m/s and K = 1.05 W/m.K. The case 
a = 0 belongs to the microchannel without wavy 
walls or flat microchannel. According to the figure, 
flame locates at the middle of the flat microchannel 
and has an asymmetric shape. The reason may be the 
production and consumption of species with 
different molecular mass and mass diffusion 
coefficients during the combustion process. Each 
species related to its diffusive velocity and molecular 
mass, has different diffusive momentum. Collision of 
these species causes to change in the direction of the 
diffusive momentum vectors. It causes the flame to 
become asymmetric in some cases [24].  
Making waves in the walls causes the flame to move 
toward the inlet to survive and intensify in the 
concave areas. Figures 10 (a)-(c) show temperature 
distribution along the defined guidelines for 
different values of wave amplitude at the inlet 
velocity of 12 m/s. According to the Figure 10 (a), for 
the flat microchannel, flow temperature remains 300 
K up to slightly more than a third of the channel. 
While it has a maximum value than the other 
microchannels at the last third of the channel. 
Because the flame belongs to the flat microchannel 
placed ahead of the others.  
Increasing the wave's amplitude increases the fluid 
temperature at the upstream due to flame formation 
in the concaves near the inlet. As the wall's 
amplitude increases, wall temperature increases in 
the first half of the microchannel. By increasing the 
wave's amplitude from 0.2 mm to 0.5 mm, wall 
temperature increases about 175 K at the inlet. Wall 
temperature remains lower than the others in most 
of the wall for the flat microchannel. Because most of 
the heat releases in the middle of the channel, 
according to the Figure 10 (a), whereas in the wavy 
microchannels most of the heat releases in the 
vicinity of the walls and inlet due to the existence of 
concave areas. It causes heat transfer from the hot 
flue gas to the wall to perform better. Because the 
surface of heat transfer increases due to waves of the 
inner walls. In addition, flow velocity in the vicinity 
of the wall is lower than the center. Therefore, the 
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released heat of combustion has more time to 
transfer from flue gas to the wall.  
 

 
Figure 9: OH mass fraction variation for various 

wall's wave amplitudes, U=12m/s, 𝛟=0.8, and 
kS=1.05 W/m.K. 

 
(a) 

 
(b) 

 
(c) 

Figure 10: Temperature variation versus different 
wall's wave amplitudes for (a) fluid, (b) upper wall 

and (c) bottom wall for 𝛟=0.8, U=12m/s and 
kS=1.05 W/m.K. 

 

Effect of the Wall Thermal Conductivity 
Since the wall thickness and hydraulic diameter have 
the same order of magnitude in microchannels, heat 
transfer through the wall significantly affects the 
self-sustaining of the combustion and combustion 
characteristics. Wall can promote combustion 
stability and make sustainable combustion by 
conducting heat of combustion from downstream to 
upstream or heat recirculation. On the other hand, 
when the rate of heat recirculation becomes much 
higher in the way that causes to unbalance between 
the rate of released heat and the rate of heat transfer 
to the wall, the flame becomes unsteady or 
extinguishes. With this in mind, two materials with 
different thermal conductivity and almost equal 
thermal radiation emissivity are considered for the 
investigation role of the wall material, according to 
the Table 1. Temperature variation along the walls 
shown in Figure 11 versus different values of wall 
thermal conductivity for inlet velocity of 16 m/s. As 
illustrated in the figure, thermal conductivity 
enhancement disappears wall temperature 
fluctuations. Also, wall temperature increases and 
becomes more uniform with the enhancement of 
thermal conductivity. As the thermal conductivity 
increases up to 32.08 W/m.K, upper and bottom wall 
temperatures rise to 567 K and 286 K, respectively. 
It means that heat recirculation has better done. 
Therefore, wall thermal conductivity enhancement 
up to 32.08 w/m.K is beneficial for wavy walls from 
the viewpoint of heat recirculation. 

 
(a) 

 
(b) 

Figure 11: Temperature variation for different wall 
thermal conductivities plotted along the (a) upper 

wall and (b) bottom wall for 𝛟=0.8, U=16m/s, 
b=10, and a=0.5 mm 
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Investigation of Efficiency for MTPV Application 

In this section, introduced parameters in the Eqs. 
(14)-(19) with the average values of temperatures 
are calculated in Table 2. Both the upper and bottom 
walls are exposed to PV cells and calculations of the 
Table 2 are performed for both of upper and bottom 
outer surfaces. Calculations performed per unit 
length of micro combustor's depth. Maximum and 
minimum values in each column of the table are 
bolded. According to the table, the rate of released 
heat increases with the inlet velocity. Because 
hydrogen mass flow rate increases. Also, the 
radiation heat transfer rate and overall heat transfer 
rate are increased, as the inlet velocity increases up 
to 16 m/s. Because the average wall temperature 
increases due to flame transfer towards the wall and 
flame stretch. While the average fluid temperature 
decreases because of heat transfer enhancement 
between the fluid and wall.  
Although the average wall temperature increases, 
emitter and total efficiency of the system are 
reduced. It means that the system has lower 
efficiency despite higher wall temperature. That is 
because the rate of released heat increases two 
times, as the inlet velocity becomes double. While 
Q̇Rad and Q̇w increase just 18.83% and 17.84%, 
respectively. Therefore, emitter and total efficiency 
decrease with the inlet velocity because the emitter 
efficiency enhancement is not so great to dominate 
energy conversion efficiency enhancement. 
Q̇R remains constant with the wave number 
variation, whereas emitter and total efficiency are 
increased. Because the heat transfer rate to the wall 
increases due to surface enhancement. For the flat 
microchannel, efficiencies have lower values. 
Because most of the heat releases in the center and 
the flame locates at the middle of the channel due to 
the lack of concave areas. According to the results, 
the wave's amplitude increment from 0.2 mm to 0.5 
mm has no considerable effect on the efficiencies. 
While the total efficiency of the wavy wall 

microchannel (b=10 and a=0.2 mm) is 74% higher 
that the flat wall microchannel. 
Wall thermal conductivity enhancement leads to an 
increase Q̇Rad about 28%, whereas Q̇R remains 
constant. Therefore, the total efficiency of the system 
rises about 28%. Also, wall average temperature 
increases because temperature distribution 
becomes uniform due to heat recirculation 
enhancement. Therefore, using Silicon Carbide for 
wall material is more beneficial than Quartz. 
 
Conclusion 
Combustion characteristics of premixed H2-air 
numerically investigated in various wavy wall 
microchannels to determine the feasibility and 
performance of such geometries for usage as the 
emitter in the MTPV systems. Results showed that 
wall temperature increases by inlet velocity 
enhancement due to flame transfer towards the 
concave areas where the combustion zone releases 
most of the heat in the vicinity of the wall. Therefore, 
wall temperature increases, whereas the total 
efficiency of the MTPV system decreases because the 
effect of the inlet velocity enhancement on the 
released heat of combustion is more severe than the 
wall thermal radiation.  
As the wave number increases, the flame moves 
towards the inlet even when the inlet velocity 
increases up to 16 m/s. Therefore, wavy wall 
microchannels showed a higher upper flammability 
limit. Wall wave number impacts the efficiency and 
wall average temperature, and both increase with 
the wall's wave number. In comparison with the 
similar flat wall microchannel, the total efficiency of 
the wavy wall microchannel increased up to 74%, as 
the wave number and wall's wave amplitude 
enhanced to 10 and 0.2 mm, respectively. From the 
viewpoint of wall material, Silicon carbide has better 
thermal performance than Quartz. Because of better 
heat recirculation due to higher thermal conductivity 
while equal thermal radiation emissivity.

 
Table 2: Calculated parameters related to the performance of the MTPV system 

 𝐐̇𝐑(W/m) 𝐐̇𝐑𝐚𝐝(W/m) 𝐐̇𝐰(W/m) 𝛈𝐐(%) 𝛈𝐑𝐚𝐝(%) 𝛈𝐭𝐨𝐭𝐚𝐥(%) 𝐓𝐚𝐯𝐠,𝐅(𝐊) 𝐓𝐚𝐯𝐠,𝐖(𝐊) 𝐓𝐚𝐯𝐠,𝐂𝐃(𝐊) 𝐓𝐚𝐯𝐠,𝐄𝐅(𝐊) 

U(m/s) 𝝋=0.8, b=6, a=0.5 mm and kS =1.05 W/m.K 

8 38818.94 10896.96 11724.69 30.20 28.07 4.21 1636 1225 1202 1247 

12 58228.41 12236.56 13091.58 22.4 21 3.15 1618 1256 1232 1280 

16 77637.88 12949.8 13816.88 17.79 16.68 2.5 1582 1263 1245 1295 

           

b 𝐔 = 𝟏𝟔m/s, 𝝋=0.8, a=0.5mm and kS =1.05 W/m.K 

6 77637.88 12949.8 13816.88 17.79 16.68 2.5 1582 1263 1245 1295 

8 77637.88 13605 14495.82 18.67 17.5 2.62 1606 1290 1279 1314 

10 77637.88 14323.95 15233.73 19.62 18.45 2.77 1631 1311 1304 1333 

           

a(mm) 𝐔 = 𝟏𝟐m/s, 𝝋=0.8, b=10 and kS =1.05 W/m.K 

0 58228.41 7187.22 7734.98 13.28 12.34 1.85 1180 909 987 834 

0.2 58228.41 12520.95 13390.14 23 21.5 3.22 1631 1266 1257 1285 

0.5 58228.41 12236.56 13091.58 22.4 21 3.15 1618 1256 1232 1280 

           

(W/m.K) Sk 𝐔 = 𝟏𝟔m/s, 𝝋=0.8, b=10 and a=0.5mm 

1.05 77637.88 14323.95 15233.73 19.62 18.45 2.77 1631 1311 1304 1333 

32.8 77637.88 18317.2 19309.4 24.87 23.6 3.54 1602 1402 1390 1415 
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List of Symbols 
 

a wall's wave amplitude(mm) 

b wave number 

𝐶1 Constant 

𝐶2 Constant 

𝐶1 Constant 

𝐶2 Constant 

𝐶3 Constant 

𝐷𝑖𝑗  Binary diffusion coefficient of the ith 
species in jth species (m2/s) 

𝐷𝑖,𝑚 Average diffusivity of the ith species in the 
mixture (m2/s) 

𝐺𝑘 Generation of the turbulence kinetic energy 
due to the mean velocity gradient 

𝐺𝑏 Generation of the turbulence kinetic energy 
due to the buoyancy 

h Enthalpy of the mixture (J/kg) 

ℎ𝑐𝑜𝑛𝑣 
External thermal convection coefficient 
(W m2. K)⁄  

ℎ𝑖  Enthalpy of the ith species (J/kg) 
k Turbulence kinetic energy rate 

fK Fluid thermal conductivity (W/m.K) 

𝑘𝐵 Boltzmann constant, 1.381 10−23 (J K⁄ )  

Sk Wall thermal conductivity (W/m.K) 

𝑚̇ Mass flow rate (kg m3⁄ ) 

P Pressure (pa) 

𝑄̇𝐿𝐻𝑉 Lower heating value (MJ Kg⁄ ) 

𝑄̇𝑅 Chemical heat release rate 

𝑄̇𝑅𝑎𝑑  
Radiation heat transfer rate from the 
external surfaces 

𝑄̇𝑤 
Total heat transfer rate from the external 
wall 

𝑅𝑢 Universal Gas constant (J Kg. K)⁄  

𝑆𝑘  User defined source term 

𝑆 User defined source term 

T Temperature (K) 

𝑇𝑎𝑣𝑔,𝐶𝐷 Average temperature along CD guideline 
(K) 

𝑇𝑎𝑣𝑔,𝐸𝐹  Average temperature along EF guideline 
(K) 

𝑇𝑎𝑣𝑔,𝐹 Average temperature of fluid (K) 

𝑇𝑎𝑣𝑔,𝑊 Average temperature of wall (K) 

𝑢 Velocity vector (m/s) 

U Velocity magnitude (m/s) 

𝑊 Mean molecular weight of the mixture 

𝑊𝑖𝑗  Mean molecular weight of ith and jth species 

x Mole fraction  

Y Mass fraction  

𝑌𝑀 Contribution of the fluctuating dilatation in 
compressible turbulence to the overall 
dissipation rate 

𝜌 Density (Kg m3)⁄  

𝜇 Dynamic viscosity of the mixture (kg/m.sec) 

𝜇𝑡 Turbulent viscosity 

Ω𝐷 Collision integral 

Ω𝑖𝑗  Mean rate of rotation tensor 

𝜖 Thermal radiation emissivity of surface 

 Kinetic energy dissipation rate  

𝜀𝑖  Lennard-Jones energy of the ith species 

𝜔𝑘 Angular velocity 
𝜔̇𝑖  Rate of reaction of the ith species 

(kg m3. sec⁄ ) 
𝜎 Stefan-Boltzmann constant, 

5.67×10−8 W m2. K4⁄ 
𝜎𝑖 Collision diameter (Å) 

𝜎𝑖𝑗 Mean collision diameter of the ith and jth 
species (Å) 

𝜎𝑘 Turbulent Prandtl number for k 

𝜂𝑀𝑇𝑃𝑉  Total energy conversion efficiency of the 
MTPV system 

𝜂𝑄 Energy conversion efficiency (%) 

𝜂𝑅𝑎𝑑  Emitter efficiency (%) 

𝜂𝑡𝑜𝑡𝑎𝑙  Total energy conversion efficiency of the 
MTPV system (%) 

𝛿𝑖𝑗  Kronecker delta matrix 

𝜙 Equivalence ratio 

𝑣 Kinematic viscosity (m2/s) 
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