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The purpose of this research is investigation of performance and potential of a radial micro combustion
chamber which is designed for a micro thermophotovoltaic system as well as, study of combustion
characteristics of premixed Hz-air mixture. Conservation equations of flow, energy and species are
solved in a three-dimensional geometry with into account detailed chemical kinetics for Hz-air mixture
with CFD approach. Investigated parameters in this research contain inlet velocity, gap distance and
wall thickness. Achieved results showed that inlet velocity enhancement causes to approach the
combustion zone to the wall and stretch that to the downstream. It causes to increase wall temperature
and consequently, increase the micro thermophotovoltaic efficiency. Upon increasing of inlet velocity,
circulation zone inside the micro combustor will be stronger and also, temperature distribution on the
outer surface of the bottom wall becomes more uniform. Result indicates increasing of inlet velocity to
15 m/s is not reasonable and it has revers effect on efficiency. Results proved that decrease of the gap
distance and enhancement of the wall thickness have desirable effect on the micro thermophotovoltaic
efficiency enhancement. The micro efficiency calculated for all cases, and resulted that maximum
accessible efficiency is 2.63%. In this research, obtained results are unique for the radial micro
combustors, and indicated that radial micro combustors have ability of competition with other micro
combustors in order to usage in the micro thermophotovoltaic systems.
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Fig. 1. (a) Schematic of radial micro channel with dimension, (b) 3-D view of
radial micro channel.
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Temperature variation along B — B’ line for different grids.

dlusiel y3 Led Wilpds (u) c@)l& C}Iaau 9 Ul:')"' Olde o Ly Slaks (;d‘) ¥ LS':“
ilizee SdSud gl B — B? s

Wools il 9 rdads &yl — &

Lol pebaisl Gode J> )l Juols> Saodld s 9 doxds dShl dy Juse (ol
el ol il 0.8 coll Hlude (§))led Cod Jisw ol Jlge (2led 5o
@ dzsi b 035y i) o2l 05 iy SRR I ok ol @l 4 O

R

Gde o Gy 9 e el - P
ol 03wl 40,33 (S350 Jo ) S 2y S 9 od et Sl (S39)9 2
9 Cowl ou 43,8 a3 o 9 300 39,9 Wil i bl Sl .l
Sl 3582w ELIed Cod 4 465 b 53939 03 LS 2y S e
ol o3l yiio Lad OLLE b by Olegss iz Lok 31 S99 Sye 03 HLad
9oLad Gl 9 sdd pue bd Bl dladze (3950 590 G9) s Sl sl
Sl el 0 03latnl yino OIS b sl Olagss Sipe Lo S (22 S
el o o0lainl (395 108 9 38 Side T 53 gles b9 Shpe Doy 3l Les
o2litsl isS (£)2 S 9 o3 et Sl Ologsd Sy Lo 5l (3m9y> 50 5
Sl sl puds oolail A0y Gie b ) Hlid Sl (onized sl bl
il 3 bl SloS JUl pite 93 5o (Bl dlaama g s
ol )28 (oS 300 CBlbl Jacme Sled (orized Caml 0l 4d)S a5 )
RO

ou ealaswl Fluent 18.2 ()l Hl3lays 31 Sl @¥slas ($oue J=> Sl
caal Oby> ¢lp Realizable K-g Jdo Jad 31 Gleadais Jlidlays ol ) sl
JsS Sl dpawas 015801 9 @S i 1y Discrete Ordinate (DO) Joe
gz Loiledl 52 Adpe sl 0ud 488 a3 o Hlad 9 s SO
198 5 (59 )e Bl Sltian Sl el 00 0dai5 1076 Jlao 3hSed gy
ooliul (Gladie (Slg 21 9 leonds 4355 9 Jalis [Y-] azye Bl pit |
el ouds L8 40 (oo SlauiSlg 3l g ol

Inlet

ap
—=0;T=300K
dan

Yh,. 0.5, = constant ; Youner species = 0

u = constant ;

I
Inner walls
u=0
Outer walls e Q =
N - dn
(i
Ks (ﬁ)s = heony (T — Tourr) + ea(T* — Tdyy) / % =0
N\ Ta=T¢
\ z aT AT
\ = —
\ KS(E)S _Kf(ﬁn)r
N\ X
I ]
\ ¥
I £ y
Outlet
M _ o, p=101325kpa; Zm0; iy
an i e i m

Fig. 2. Boundary conditions of simulation.
(S > Sl o 48, B4 S0 Ll Y Ko

Glewlowe dSeds <83 dalllas g (Frwcous - O

sl oy QL 8> pruecoue (s n S [T] e Pl @i
0953 192-0Jgyded diseeo] iy GLAS! (afiadd 033L 9 Lo 2)95 e ol 4o
Aot (Gl -T) S5 5o Lol 0 gy 2 (3525 g 4 Sl Sladlglg S
ol ol dulia lages (0 -Y) JKib 15 9 Frhuecous Sl odd 418, las )
o ) Ka @lhas Cul odd ool Olas (pKa)T @l b Goue Jo
16 $39)9 Caspw 0 e 9 dueyd 39.5 b plp (3,25 ol b BMasl ¢piaw
Gz ol g J9d BB s I laiayge Sl coplnly .ol m/s
9 Wl udgd glie Slad gl slad b dSids due ¢ lanlone dSud B> gy
8,5 51,3 J )90
0905 (@ -F) K @lhae L)y as okl (s Sadboloile 4l Sl
Cand ygmma dlial 0 A — A' bas (Ké @lae .Gl 0l Capad dundid
90 oo dold aug )0 9 Sloply Canud had sliisl jo B — B las- gy Sio
das 9 OF yeme olial 43 9 dglgySue Hlged G9) C — €' las cSloply dxaw
00 .l ol Cangad OF lad sluiel )3 9 b Slopls d=iuo Hle3 S9, E — E'
Olad alise SlaaSiss sl B — B das (59 oy Ol Hlaged (& -F) S
A b aSus Sl Lo Ol dS dgdis domals (Kb @Blae sl 0 031>



A. Alipoor et al / Applied Energy Conversion 01 (2021) 3910.1001

{+v=5m/s
~o-v=10m/s
—r-v=12m/s

—x-v=15m/s
-O-v=20m/s

T[E_E'|(K)
= 2 B B
EE- - -

<
=
S

25 -20 -15 -10 0
x(mm]

Fig. 6. Variation of temperature on E — E’ line for different inlet velocities.
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Tabal 1. Comparison of calculated parameters in order to investigation of
the potential of radial micro combustor for using in thermophotovoltaic
devices.

QRad (W) T]Rad (%) ntat (%) Tw,max (K) Tw,ave (K)
©=0.8, kg=1 (W/m.K), heony=20 (W/m2.K), H =2 mm,

V(m/s) b =1mm, e =093
5 21.48 13.9 2.09 1243 712
10 52.06 16.9 2.53 1380 888
12 63.72 17.2 2.58 1406 934
15 80.91 17.5 2.63 1425 989
20 107.45 17.46 2.61 1422 1058
©=0.8, k=1 (W/m.K), hegny=20 (W/m2.K), V=10 m/s,
H (mm)
b =1mm, e = 0.93
2 52.06 16.9 2.53 1380 888
3 48.15 15.65 2.34 1361 884
b (mm) ©=0.8, kg=1 (W/m.K), hony=20 (W/m2.K), V. =10 m/s,
H =2 mm, e =0.93
0.4 27.32 8.88 1.33 1452 883
0.7 41.27 13.41 2.01 1415 885
1 52.06 16.92 2.53 1380 888
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Fig. 13. Temperature variation on C — C’ line for different wall thickness for

10 m/s inlet velocity.
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