
b 
!l.n[l 1gi.tl! p 

6SSZ 

,. ,. I\ 

. '" 

b 

t 
\ U 





" 

COMBUSTION CHARACTERISTICS SIMULATION OF LPG-DOMESTIC 

COOKING BURNER 

,,._ ________ -
I 'r 111 Ir t}.. .... .... ...... ...... I 
/ .. 
i '• .. , -··lCJ h 1 ''h " ') l ! '/r')!J '-· ' ·, r1 rl "),;; L_''' .,,, !l1U ..... '.-:' ... ... '. ..... -----..._. __ ---

ITSARA KONGTAWEE 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF MASTER OF ENGINEERING 

MAJOR IN MECHANICAL ENGINEERING 

FACULTY OF ENGINEERING 

UBON RA TCHATHANI UNIVERSITY 

ACADEMIC YEAR 2016 

COPYRIGHT OF UBON RATCHATHANI UNIVERSITY 





1 £J1tiv'l'u 5 
Q ., "" 

' 
mruru11f11n-a1"f11ii'lvi1"vi1urusnvi ., ., 

Q .Q d Q ' 

m'fru::: fl1';ibi;.i11 vil!'LJe:i-:itr1 
' 

l/Q Q,/ Q ... 
eJT'i1£J 'U1tJe:l6'1';i::: fl-:l'V11 
'II 

' .::::... Q..I .::! ' Q ';ie:l-:lP116'1\91111il11tJ m.?f'V15PlfWl '\/'MP15'U1'V'l1tu'll 'lh:::51'Ufl11iifl11 
' 

ff CV .c::il.c::il 

1e:J-:lP11?fVl111i111tJ Pl';i11:::flfl fl11"fl11 
"' ' 

' Q ' Q..I Q..I ' 1e:J-:lP116'1Vl111i111tJ e:J'l.11\91\91 "'Vl51ilfl1 
' ' 

fl11iifl11 

P1111:::nfl) .... ' 

' .... 

' 
2559 



. nLrnQ. i um t nL\Jl,LltA.9nMQ.L8 

• • 
' , 

n. • 
m 

"' 
L @n r; L !Jl.Ull n Lf>b Ll 8 8 Lrt 

" ' 

. "" . ' " 



... 
b 1€1\1 

""""' 
'IJ 

zj tl '11'111 

6116ll1l'IJ1 

6lJ 

I 

'U'Vlflfl'-ltl 

m1..J m 1 br;.J1 l ' 
1'u1"1'!1 b1tJti 
"" .. fl\l'\111 

"" ... 
({ Q.J .c:il.c:il. 

"" ' 
KB-5, 1 'Vl'1 b"ll..:ir11ti1ru, m1bm 1 'Vlir 

' ' 

l'Vl m'Ll-wti5dlj-J b br;.J1 l bbfi61'Vl\I 
' ' 

(LPG) KB-5 
' 'IJ 

rl1tilf11 (CFO) k-e RNG 

species transport 1f111 br;.J11 'VliJ b Viti'Ur;.J6'1f111'"516'1tl\lfl'U 

(CB) bvi1n'lJ 9.48 -w'lJ11 ljfi1m1:1.J 

mass fraction "lltl\I bbfi61tJtJf168 b ( 0 2), bbti611"11{'Utlti ( C02) 

bbfi611"11{'Utlti:!.Jtltitlf116'/Jvl° (CO) 7.68, 12. 73 15. 78 

m'IJ bb 'U 'Um 1..J 16'1tJ\l611m 11'\.J bb 'lJ'lJ m 1'116'1eJ\l 1LJ1i1tim1v11ti 1 
'IJ 'IJ 

m1 br;.J11 KB-5 

bm tlf16lltl\I b D'111 'YJ (DP) br;.J11 'VliJ t1Gi1V1'!'lJ 

bD6'11 l'YJ (DP) bvl1fl'lJ 2.0 1 

bvl1fl'lJ 1854.33 bf1'1lti 
'IJ ' 

bmbb'U'UV!l.Jtilti (SB) KB-5 'lJ 
9.48, 11.06, 12.48 13.48 

' 
bvi1n'lJ 1887.17, 1910.34, 1911.34 1921.98 bf1'1lti 

.. 'll 'll .. 

LJ 1 b 'IJ6'111 

( l/th) 

b zj..:i 1 b bb 'lJ'lJ'Vl:!.Jti 
' 

3.91, 3.45, 5.78 6.02 

(a) 
' ' 

( f3) 'IJ6'111 'YJ br;.J11 bb'U'UV!l.Jtilti 



' ' ' 817"6 09(, 0S°l 
" ' ' 



• 

TITLE 

AUTHOR 

DEGREE 

MAJOR 

ADVISOR 

KEYWORDS 

ABSTRACT 

COMBUSTION CHARACTERISTICS SIMULATION OF LPG-DOMESTIC 

COOKING BURNER 

ITSARA KONGTAWEE 

MASTER OF ENGINEERING 

MECHANICAL ENGINEERING 

ASSOC. PROF. THANARAT TSRIVEERAKUL, Ph.D. 

KB-5 GAS COOKING BURNER, CFO, COMBUSTION. 

'l 

The purpose of this thesis is to study combustion characteristics of a high 

pressure liquefied petroleum gas (LPG) domestic cooking burner KB-5 using the 

Computational Fluid Dynamics (CFO) method. The Renormalization Group (RNG) 

k - e turbulence model and species transport with combustion reaction model were 

assigned. When compared the simulation results with the experimental results, it was 

found that for the conventional burner (CB) at the firing rate of 9.48 kW, the errors in 

mass fractions of 0 2 , C02 , CO are 7.68%, 12.73% and 15.78%, respectively. It can be 

said that the CFO results produced acceptable solutions, thus, the simulation method 

was further used to predict the combustion characteristics of the KB-5 domestic gas 

cooking burner with various operating conditions and burner's geometries. For the 

conventional burner, the results indicate that size of burner's flame exit hole (Op) 

affect the combustion characteristics. The conventional burner with its burner's flame 

exit hole of 2 mm in diameter produced maximum flame temperature of 1854.33 K. 

Moreover, the simulations of the KB-5 swirl burner (SB) at different firing rates were 

also investigated and compared with the conventional burner (CB). At all firing rates 

of 9.48 kW, 11.06 kW, 12.48 kW and 13.48 kW the swirl burner produce higher 

maximum flame temperature of 1887.17 K, 1910.34 K, 1911.34 K and 1921.98 K 

compared to the results obtain from the conventional burner. In theory, the higher 

maximum flame temperature will produce the higher thermal efficiency (17th)· This 

was proved by the experiment results of thermal efficiency. Increments in thermal 

efficiency when using swirl burner instead of conventional burner at different firing 



\\) 

rates were found to be 3.91 %, 3.45%, 5.78% and 6.02%. Also, the effects of different 

inclined angle (a) and lift angle ( /3) of the swirl burner to the combustion 

characteristics are presented. The swirl burner with inclined angle of 15° and lift angle 

of 26° at a firing rate of 9.48 kW provide maximum flame temperature of 1889 K. 
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fl 1'je)'LlB1fl1131 bb" 1fl1'jLJ1'ULJ'j\liifl13ru 'll €l \l 15 Y1'U11 EJ b :w ri 1 
' ' 

m'Llm'jf'ifl'l31 b b 15, 11 
' 'lJ 

6 A. Namkhat and S. Jugjai [8] 

(Primary aeration, PA) Self-Aspirating 

(>5. 78 kW) Hot test Cold test 

Oxygen sensor PIV 

1:w b:w'Ll flfl Y1'U11 bb 'U'U:ij1" B\l b ri11fl"' bfi EJ\ln'Ll 

b titJ\l"il n'UB\9l'j1fl1'j1 Vl"'lltl\lbbnm<ff m 
'lJ 

Hot test Cold test 

22 b VI" b "ll\lrl1'Ll1ru (CFO) fl ii . ' 
boU1tl'Ub\911 L 1 [9] 

' ' 
Vll1 \lb <BB b fl'Utl1 fl1131 b\;11 L 'Llr111 EJ fl ii b oU1 tl'U b \911 bbtl 

' ' ' 
(>5.78 kW) KB-5 (CFO) 

'lJ 

k - s RNG f11'Ll1ru11:wn'Ubb'U'U:ij1"€l\l species transport bb'U'U 1lJ 

iiLJ5n1EJ 1m'jbm 1 Vl:w b 

(PA) 8.33, 6.07 4.21. P. Boggavarapu, B. Ray, and 

R.V. Ravikrishna [ 1 OJ b\911 L 'Llr111 bb 'j\llii''Ll 
' 

(<5.78 kW) (LPG) (PNG) 



3 

1fi'W'1f'l1'1\?11"1leN 1'Vl'1b68.:il°lTt.nru b bb \J\J-oJ 1'1€l'ltl\J em fl 1 

fl1 'j Pimn fl1'j b 1'W b "8.:im1ii 1e:i'W"l.leJ'l Lb tJtJ'o51 '1 eN b\?11 bbfl'1VJ'l 

t.Jfl1 b 'W <jtJ bb \J\JiX1 b\?11 bbn'1 ntJoJ1 b\?111 'W bb \JtJ-o51'1e:i.:i 'W\J11 

.fl1'W Plm!t1"1JeN bb \J\J'o51'1€l'l"l.leN (LPG) b 
2.J Ji .Q.c:tW:.c:t J'il d!. .c:t Q,J 0 v Cl 

2.5 b 61!€lb 'W'1'l'W beJ'W:U (PNG) b'WlJ'1'l"l.l'W 10 blJe:Jb'Vlt.J\Jfl\Jbb \J\J:U1'1€l'l'Vl1 b\?11 bbfl'1'\/l'l . 
J. Francisco et al. [11] • 

bm 1 'rJY11 t.Jlfi'W'1f'l1'1\?11"1.1€l'l 1 'Vl'1 b "8.:i1°11'W1ru (CFD) t.Jvl1 fl1'j b'll1t.J\J b Vl t.J\J e.J(;l fl1 'j'o51'1€l'l tl\Jfl1'j 

e:i.:i 'W\J11 e.i(;l f11<j'.J1'1 :u1fl f11 'jPifl'l!l1iJri1ri11lJ ri n \J 1 fl f11 'l 

15 V. Hindasageri et al. [12] 

cl1 'Vl'fo°IX1 lJ 'j'W 'j'U d tJ ififl 1 (;l €l'l f11'j'.J1 (;l €l'l 1 iiJ b 'Vl'U e.J'1:W tl\J €l 1 f11 f'l1 'W <j'l] bb \J\J . 
Premixed b tJm:ff e:i 'W\Jl1 1 "IJeJ.:i'rJ'1'fl61im1ii1€l'W (Heat flux) 

.Q .J'.c:ii 2 Q. IQ.I 2.JQ.J O .c:tt 
\J'jbdt\J'W'W'Vl 250 mm b'Vl1fl\J 7 mm €lfl'Vl'l'j'llbb\J\Jf11'j 

-o51'1€l'l il'.:i'11m 'jt"l€J6rn b:U'W 

:u 1flfl1 fl\J Lm bbtl'1'Vl'l 'Wri1'1 'Vlm fl'Vl'11 t.J • 
<jtJ Lb \J\J b "8.:im1ii1'B'W b fl 1li'11m'j'1 

€l6\J1 b:U'W b"ll'Ll bbn'1 b • 
(LPG) mass fraction 1 'rJ . 

'W 1'Lll :ij tJ f11'jU1lfi'W'1f'l1'1\?11"1Je:i'l1 'Vl'1 b ( CFD) b -il1 lJ1tJ t.Jrnfl -ii • 
1 'W f11 'j Pi fl '1!111°1 ru'1' f11'jbe.J11 'Vlii' e.i '1 e:i tJ b .:i ri11:w1 €l'W "IJeJ'l b \?11 Lbn '1'\/l'l 1 'W • • 

KB-5 

1.2 • 
1.2.1 (LPG) tl\J€l1fl1f'l611'Vl1'\Jb\?11tl16il 

KB-5 1'Vl'1 (CFD) • 
1.2.2 b Pifl'l!l1 e:i6\J1 tJ eJ'l bb e.J(;l fl1'j be.111 'Vlii' 

... ... ., 
1.3 

1.3.1 KB-5 l.le:Jfl. 2312-2549 . 
(Dn) bvl1fl\J 0.9 mm 

1.3.2 3 . 



1. 3 .3 ";i'\J bb 'U'Ufl1T<il (LPG) 
'U 

fitJ 60 : 
I V Q 0 

1.3.4 (Inclination Angle, f3) bVl1fl'U 26 55 

1.3.5 m 1Jl m) iJ 

(Conventional Burner, CB) (Swirl Burner, SB) 
' ' 

1.3.6 

1.3.6.1 (LPG) bvl1tl'U 9.48 0.5 bar), 

11.06 1.0 bar), 12.48 kW (1.5 bar) 13.43 kW (2.0 bar) 

1.3.6.2 (DP) bvl1fl'U 1.8, 2.0 2.2 mm 

1.3.6.3 (Swirl Angle, a) bvl1fl'U 10°, 15°, 20° 30° 

1.3.7 1Ji'bbri mass fraction 

biJm 1 
' 'U 

(LPG) 

1. 4 '1.h:: 1a•tn1 iil'lfli'u 
1.4.1 (LPG) 

'll'U1V1 KB-5 (CFD) 
' 

1.4.2 Vl";i1'U ";j b 

1. 4. 3 b llmb 1 'Ll fl1 1 'Lll"l-r1 
' ' 

4 



n. 
t 11kr1o t rnr. ,Hot 

1 r. t 
b n. b 

,, IAL!i t Lij), 

(M)j Bl ·s-l..t.UUL.11 I 

z·z·z .. . ,, 1A.m::i:.fl. 
"' ' 

b n. 
,Ho ttLlJ8LB 

" ' 
n. b 

t Lrtf111 ,, 
' " ' 

• 11 IAL!i Lij), 

( M)! Bl ·s-M.!J1ftt 
i:-,, 1A.m::i:.fl. rz·z "' ' ' 

• 11 (9dl) 1 
" 

• n ,, Brb1lHo t LrtL p,rt8!}l1rbQ, 
" ' " 

(aue+ng) I t1 I I 

(auedO.Jd) nMitMl Z 

(9dl 'se9 wna10.1+ad pa!Janb!l) 
' " 
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m':i1.:ivl 2.1 • 

-:itlbbi.J'U 
'II 

9.1 G.I P II G.I o 

• 

.., ... 
bb'U'UVl'l b\Jl1'Vl€l..:J b Vl'1eN -..,: 

i 

'U 

\;11':i1.:ivl 2.2 
• 'II 

tl-:i::b.fl'Vlb\;11 Cl.I W II °" bLnS'Vl.:l\;11lbL 
• 'II • 'II 

"l.l'U1Vl KB-5 
' ,, ' .c:::iil.cil ti I 4 ct V QJ V 

'VllJ"IJ'U 1Vl \3l'UEJ \JlV'l"IJ€l..:JVl1 b\911 
"' 

s .01 • 



n. 
nu. ,, B n.r; LI 

' 

(alZZON) (de) peaH 

.JaUJn8 ) '( aqn+ 8U!X!\f\J) @)2 [SJ £ 
n. • 

S-8){ 

' 
• s-8>1 n ' 

n. • 

n 

8-8){ 

• t'Q. L 
n. 

L 1'1.ltl.IA1'1.Mt:'Ll2LI l'b l'b /"& !=" 1?' JI I /'li J;::o Ji=' 
' n ' 

L-8>1 

L 



£w 1 ( 
8
H£)) 

S' 

(auedOJd) nM.itM. 

[£l] 
" 

-NOH) i l>?ILULB 

11,,V (9dl) i i t 1 
" ' ' 

%£Z ) 

( Aiiawoi lP!OlS) t 17 ·z . ,. 

rut i&n,n 
' ' " b 

(9dl) lb t ,, v.vi:::t[b t t:-@fl.nLt:-L!AtLU 
" ' 

[vJ rz ,. . . 

@Q., t:-LtlA:::ttt i 1tLUfbf} i@M, i f'b (g ti f'b 'er Jr L :t' f" 

(lt?OJ41) 
" ' " 

8 



b'Vi1n'lJ 5/21 % b'Vi1n'lJ 23.81 m
3 

'\J 

6'll.lf11';ibfliif11';ibt:n 1 Vlii"l.le:i.:i?11Tll-;i::f1e:i'lJ'01 b'Vl'W (Butane) f'ie:i 

C4H 10 + 6.502 -+ 4C02 + 5H20 

V1iJ6l.le:i.:i?11-;i'lJ-;i::f1eJ'lJiJ1b 'Vl'W ( C4H 10) 

L'Wf11';ibt:n 1Vlii 

' 1 Vl'W1 tJ 

6.5 ' Vl'W1tJ 

vi'.:itT'W (C4H10) 1 m 3 
b'Vi1n'lJ 6.5 3 m 

9 

(2.2) 

'11f1?ll.lf11';if11';ibt:n 1 V1i16l.le:i.:i?11-;i'lJ-;i::f1eJ'lJ (Propane) b'Vl'W (Butane) 

'V'l'lJl1 ?l1-;i'lJ-;i::f1eJ'lJb'V'l'Wb'V'l'W (Propane) (Butane) 

ilri1b'Vi1n'lJ 5 b'Vi1 6.5 b'Vi1"l.le:i.:i 
'\J 

?11-;i'Ll';i::ne:i'lJ (LPG) (C3H8) 60% 

'lJ1iJ1\91-;i bb'1::'01b'Vl'W (C4H10) 40% vi'.:i-d' 

2.4.1 l'W':ib 'W'IJ C C3H8) b 60 u1b 'Vl'IJ (C4H10) 

40% (by volume) fiie:i 

0.6C3Ha + 0.4C4H1o + 5.602 -+ 3.4C02 + 4H20 (2.3) 

C3.4H8.8 + 5.602 --+ 3.4C02 + 4.4H20 (2.4) 

1 m3 
(02) b'Vi1n'lJ 5.6 m3 

vi'.:itT'W b 'W'\111-!l 
'\J 

WFstoJ b'Vi1n'lJ 26.67 /1 

2.4.2 (C3H5) 60 (C4H10) 

40 (by mass) fie:i 

0.6C3H8 + 0.4C4H10 + 5.902 ___. 3.4C02 + 4H20 (2.5) 

C3.4H8.8 + 5.602 ____. 3.4C02 + 4.4H20 (2.6) 



1 m3 
whntJ 0.0496 kg. 

whntJ o.818 kg. 

(AIFstoi) whn'll 15 .48 

b\ilEJlJ1'1 

2.5 fl11m':ivfl-b"l:um':iAn'ti1 

10 

b\ilEJvi'1 'Vl'1"11€l'l"Ue:i'l1 ?1lJm1e:iu1'fl,; 
v ' 

lJ1'1 blJ'W m ifl1i 1 b tJuiJru'Vl1 
' ' v 

fl 1 i 1 'Vl '1 b n \i1 fl 1 i b e.i 11 'Vl ii e:i 'l 1 -if ?1 lJ fl 1 i b EJ 1-il e:i 'l b lJ b lJ b -Ii u ?1 lJ fl 1 i e:i u 1fl,;lJ1 '1 tJ e:i EJ 
' 

(Chemical species' equation) (Chemical reaction equation) 

m1r\'1u1ru [13] 
., d 

2.5.1 fl11m':iv'IJ':in\i111f;t • 

y 

t 1 

T 
A,-

, I If ,' c , , , , 
' - - x 
... Q) 

I• a.. .f 

2.2. (a) [13] • • 
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y 
• m0 = pu.Ax.t.y 

(O,t.y) Ax.t.y 

• • • 
mo mo + t.xa mo /ax 

x 
(0.0) (Ax.O) 

111cwvi 2.3 (b) [13] • • 

Ax, L\y & 2.2 u, v 

w x, y z !J.x,!J.y "lle:J'l 

LJ1lJ1111"al°l1'UfllJiir11bvi1n'UVi'll'l a b x c fie:i 
' 

y e f 

z b 1 bbfl'W tl'W 

x rie:i'W 2.2 (b) 

a x = 0 
' 

mo = pl · !!:.y · & = pl 

b vi x = O 
' 

:no-:ntu =-Ax. a mo ax 

mca iir11 bvl1tl'U 
' 

ap ap 
-·Ax·L\y·&=-Ax at at 

(2.7) 

(2.8) 

(2.9) 



12 

1J111 

ap + apu =O (2.10) at ax 

vi1n 1'Llmrum";i1 

ap + apu + apv + apw = 0 (2.11) at ax cy az 

ap = o " at 

apu + apv + apw =O 
Ox cy az (2.12) 

2.5.2 • 

' ' ' 
22 (b) bvl1 n'UeY \9l";j1f11 ";j b 1ml.J'U bll'U h.J\911l.J 

(Newton's Law of motion) 2.13 

au au au au aP a (au au au) Pa;+ pu ax+ pv 0i + pw az = - ax + 0i µ 0i + 0i + az (2· 13) 

' 1 ,, 1 il "" (au ) v , 1 "" , ";if1\911l.J tl1f11";i - = 0 " at 
bvl1 bb b ll'Uf'l'Utl 

'lJ 'lJ 

2.5.3 • 
Twvl ";ii bl°l tJJ11 EJ f11 ";j ' 

1 bm 1 
' 'lJ 

b'V11°111l.J1'€l'U'11 nJ11'U'U€J fl"ll 1 tJ 
' 

J11'U b 1'U '11vi 1 f11 ";j be-111 viif tY'U 1 
' ' 

2.2 (b) 

1 be-111 bnt'ln 1";i111 m 
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briiJ 'Lle:Jffi11ntlff:ii1 fl1'j fl1'j 

b 1 vm 
' '\J 

' ' ,, .di .c:il iJ I V 6 V .c::il 
bf'1'1 tl'Ll'Vl b61J1 tlflb'\111 

'\J 

bm 1 bMtJ1-U'e:i-:i t 3 
' 

(x-y-z) 2.14 

-+u-+v-+w-=a -+-+- +q (2.14) ar ar ar ar (a2r a2T a2TJ ,, 
at ax 01 az 8x2 072 8z 2 

., "" .s 8T ., "' • "' .s ( - = o 2.14) at ' 

ar ar ar (a2r a2T a2TJ ,, u ax + v 01 + w az =a ax2 + 072 + az2 + q (2.15) 

q" = wAm = 
k I I iJ V 

a = - = 
pc ' 

';\)1 (2.15) 'Vl'1 

bb b"li'Ll 1 'Vl'1 1'Lltle:J'Ll"lJe:i-:i1 'Vl'1 bll'Ll 
' '\J ., 

\Jl'Ll 

t 'Ufl1'jci1 tJ bll'Ll61Jtl-:J 
' 

bll'Ll'Liqi'Vl1 bMm n'LJm'ji11ri11l.J t hJtl 

.. 
bl.Jtl 

i_=-(a2r + a2T + a2TJ+..!... ar 
k ax2 072 az2 a at 

k a=-
pc 

.di I I 9J Q.J 

a rie:i 
' 

k fie:i 
di I p rie:i f'111l.J'Vl'Ll1 bb'Ll'Ll 

.di I i.I O c rie:i 
' 

(2.16) 
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., fl I 

2.5.4 • 
b -o;i 1nm1 rni'u 1 

(chemical species) 
' ' 

2.17 

aYA aYA a .,..... aYA w· '" pl-+pv-=-pu -+ A Ox 0y 0y AOy 
(2.17) 

d I 

b:l.Jtl YA fltl bl31'M611'W:l.J1'1 . 
WA 

2.5.5 l V1ii 
bb 'U'U°LJ 5n1 'VllY ne:J'U"lle:J"l b (Propane) 

(Butane) 

1 (Propane) 

C3Hs + 502 --+ 3C02 + 4H20 (2.18) 

R = d[C3Hs] =-8.6x 1011 exp[- 30J.[C3H 8 f-1[02l6 5 

I 

bYl'W (Butane) 

C1H10 + 6.502 -----+ 4C02 + 5H20 (2.19) 

RI d[C4H10] = -7.4x 1011 exp[-30].[c4H10]0.1s[oJ·60 
dt R,,T 

2.6 
bb 'U'U:{i 1'1 e:i"l flu n11Pi n'M1 bb 'U'U :{) 1 n b Ylri1J ti n--.!1 

Renormalization group theory Standard k- & 



'j/ ... 

'9tl \J ft l1 ti tYU 
,..$ '11 \:;.I -n rt.!fl T\1 tJ1JJi1 l 'J 1J }ffrn f.fli'HJ Q '\.Hl 1 lc-Ifli l'W 

>., m. 15 

b E 'OJ:::vh1 bb"::: bblJ'LlEJ1(;1'lf1l1ri1°1.-r!'Uf1'HUfl1';i1 'Vl'1bb 'U'U Rapidly 

stained flows bb'U'Ulil1"€l'l.01vl' 'Vl" bb 1 
' 

vll tJ 'lvl 'lJ €! 'l f1 ';i ru 'lJ €! 'l f11';j1 'Vl" 'Ll l'Ll vi' d tJb -d'W n'Ll 'Ll €l f1'OJ1 f1 '°'fr 'l ' 
Effective viscosity 

€i'Vl5·vm'lJ€l'lf11';i 1 b ';im b 1 bblJ'Ll81ri1'Vl'!'Um ';i 1 b ';i8 

bb":::f11';i 1'Vl"'U1nru1rnKe.J°L!..:i Standard k - & 

-o;i::: b 'Vim :::ri1'Vl'!'l.Jf11';j 1 b ';itJb b'UtJ 1 'OJ::: 1v111ri1'Vl'!'U1JqJ'Vl1'lJ€l'lfl1';i1 

'OJ1..:i hJ bb"'l k - & RNG 'OJ:::r11'Ll1ru hlbblJ'WEJ1f1l1 bb'U'Uli11"€l'l 

Standard k - & 

2. 7 (Thermal Efficiency) 

b b\Pl1 bb flf;1'Vl'l 1 'Ll f11 ';ieJ1'l€i'l'OJ1 f1 
' 

DIN EN 203-2 [14] 
"" "" ' 

'i.J';i:::bfl'Vl bb mTif11';i'lJtJ1 tJ (Extrapolation) bvJB 1 

bbflf;1'Vl'l bb 1vl' ' "" 
f1€ltw'Vl ( 'i.J';i:::m ru 90 €l'll"lw11m 6lltJ1;1) bb"'1vi' 1m ri1 €l tw'VlfllJ 

'I cu , 'I cu 

b tJ'Llbb f1f11';j be.J11 'Vlii' b b zj.,:i'Vl11vi''OJ1f1b1"1m m 'Llf11';ivl 1 

bb":::eY IPl';i1fl1';j1 'Vl"'ll€l'l bb fi1;1 b b b .. 
2.20 

... 

mwaterc p,water(363 -Twater,;) 

1'/ih = VxLHVxt 

17th fl€! 

mwater 
,, 

... 0 

fl€! 

cp,water 
,, 

.di I i.I 0 

fl€! 
' ,, ' 

Twater.i 
.di .q_ 0 ..:::.. i.I 
fl€! b \Pl'Ll ' 

v fl€! eJ\Pl';i1fl1';i 1 'Vl" b"B..:im:w11P1';i'lJ€J'l bbfl(;1 
,, 

LHV .di I i.I .di o<::1rt. 

fl€! b"1ltlb 'W"'l 

fl€! n"1m m 

(%) 

(kg) 

(k.J/kg.K) 

(K) 
3 (m /s) 

(k.J/m3) 

(s) 

(2.20) 
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.. 
2.a .:i1'U1i5'a-vibna1ilei.:i 

eN tl'U b\Jl1 b 'Llr1'!1L1t1'Ll G'l1l.11111 bb bflVl 
' 

4 iJ Lflvi fit1 
' 

'Vlll'Ll1'Llfl;;r'Ul.11 b m 'Vlll 1 'Ll i (2544) 
'I 'I 'I .. ct9 'I 'I 

[2J 'Ll 
' ' ' 

1 KB-1 o ll'Ll 
'\J 'I cu 'I 'I 

1-il bbfl fl b tJ'Uri11l.l "il1fl bb nG'l1t1 "il1 fl 
'lJ 

G'l1m1m b 11. 92 Lll'Ll 

30 KB-10 
' 

0---m1 -- 11 
..,..._ I 

....=:c:;-- .... 'l .. 11 

r'Fi I 
[' J " •. 

GA& 

2.4 [2J • 

I. D.1:.••50- --..j 

T 
v..-

T-

., f'fAlir --
2.5 PRRB [2] . 
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bflVl f'iti ti tin'1J b\911 
' ' 

1ul"l-r1b1ti'W A. Tamir, I. Elperin, and S. Yotzer (1989) [3] 

t -if 1viEJ b bl?l1 bb till 
' ' 

Coventional Burner (CB) Swirl Burner (SB) 
' 

(/3) bvi1ilti 26 e:i-:il"11 (a) bvi1ilti 15 ti-:il"11 
' ,, ' 

6 % CB 
" ' 

-- : i 
--- ! i 

IV1r.fture 
,..__ i 

2::e:__ff _..__ jiffi -
D= 6 cm 

Gas-Air M.ixture 

Diameter of Port = 3 I.Tl.JD_ ! ex = I 5 

..i ti"' ti ., w ... .f11'W'VI 2.6 n1':i ':i'U ':i.:l\111bl?l1bbml\ll.:l\;11lbbUU SB [3] • • 

(254 7) [ 4J 
' ' ' 

l°l-r1b1eJ'W '1J'W1Vl (CB) mbll'W 
" " ' 

(SB) bVll°l b 'W 
'I 'I q 'I 

(VllJeJ) 
' 

(VllJeJ) 45.02 44.27 
" ' 

...... _ 
,,__ __ 
--

.......... __ 0....-..__. 

' ., 
.f11'VfVi 2. 7 [ 4] • 
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:u11ru (2549) [SJ 
' ' 

61l'W1Vl KB-5 PRRB °v'l'Ul1 
'\J 

b "8-:im1iif :U1 f1f111 tl'U fl'W bb 'U'W i1fi1 b vJ1 tl'U 60 

Lrl'l i1ri1 40 

Emltrinc Porous 
(l:P) 

T, .. 

Primary Air 

A.bsorbiat Porous 
\helium (A. P) 

Inner 
Houllnl 

POT 

Sttoitdary 
Air 

T , •• 

2.8 PRRB [5] v • 

-:i1'U1"5' n'Um1l.l-:i b 1°v'l 
' ' 

u. Makmool et al. (2007) [6] 
' 

'iJ 'l fl11iif B 'W"IJB b \911 bb fl 1'Wfl-r1 b B'W B b 'VI 1 f111 
' '\J 

PIV European standards EN 203-

1: 1992 and EN 203-2: 1995 °v'l'Ul1 

'l B'l tl'UVif!l'Vl 1-:im1ii b :U1 f1 lTif111'VlVI PIV 1vi 
' '\J 

b\911lj 'Vl'16/JB'l b b "8'lfl11ii1B'W 

2. 9 [6] • 
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(2552) [7] 
' ' 

b 'Wfl-r1 L1eJ'W bil'Vlbb (el fl1it'JeJ'Wb b 
' 

hJLn'W 5.78 kW) l.JeJfl. 2312-2549 ... ' 

-
t 

• 

'· -....._:..._..-.-

-- • ...... .._.--..... -- ---°""""' 11"1 

........,, __,.._ --. .....-. .. 
D•.HIM o---

2.10 [7J 

'11flmiPifl'l!t1 50 

fl ifl 8m1l.J1e:i 'W m iei'W m fl 1 Pi Lbfl 1 m iLJ-ruui 'l 'l'H'15 
'I 'U Cl.I 'I ci 

Vj'lJl1 15, 11 6 .., 

A. Namkhat and S. Jugjai (2010) [8] 

611'Wbbifl (Primary aeration, PA) Self-Aspirating 

Hot test Cold test 

T":··········-: . nr 1" nr. . : . ' . 
• 

T, 

.......... J 

2.11 ".in (PA) [8] 



n. n. b 

r-xi.n.r1 ,, n.kfbtLL.l 11 11 

i:rn.n.@k tLlJ Ll>blJ lJ n..v NrnL n,n, ,, 
' " 

1 L)'brt L LlJ L t (9Nd) 

(9dl) (9dl 16) M'>l BL·z 
fll I I I 

[01] (£10Z) ·1e +a ndem'\eS8og 'd 

1z·17 

'L0'9 '££'9 (Vd) 

:µodsueJ+ sapads 9Ntl 
n. n. 

3- )f (O:D) 
b b 

" 
[6] (9SSZ) tM.t:::l1[1 

b b 

UlJ n. t (O::l)) 
b zz +sa+ PlOJ +sa+ 

+OH n,n, 11 Ll';11 
' " " 

t 11 
" ' 

1 Aid Josuas uaSJ\xo E-t 

oz 
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n'U-X1bm1 'W bb 'll'U:ij1 G'leJ 'V>l'Ull b 1 nm bb 

(LPG) 2.5 (PNG) 10 

b VitJ'lltl'll bb 'll'll:ij1G'l rieJ'W'Li1'ULJ 
' ' 

A"' i•I 
11 >(;111011 

f.( ... .. 

. 
... __ f'n•,,ur.· . .• Sr ••1111.'I 

v,.,,,,, 
w:1ll f: 

1 

BurnN 
\A all 

\., .. 

f 
Inlet 

Bunwr 
IH•k'' 

,.;.·· "'>· \,..).' 

t ;1' ( ·n111pu1;it1unal 
1!11•1 

1ti) Ct>mpu1a1um:1I 
'" •lll<!lll 

, ,. 1 Burn.·r heaJ 

2.13 pre-processor [10] 

T....,......(l1 
247'6.! 

ie:o• • 
l506.4 

lll!8.J 

1 

952,l 

?'34,2 

5115.2 

:>!ill.I 

Te-UCJ 

2413.2 

1991.2 

1778.1 

IS81.2 

1]55.7 

1144.2 

'11?.7 

n1.2 

SU.7 

;>'!ft I 

2.14 [10] . .. 

J. Francisco et al. (2014) [11] ('V!iJeJ) 

'U'Wbm oil'Vlr;rflmi ril m 

tJ 1-il'ifi'V>lfll"ll?I 1'Vlfl1 'Wmii.11 b?l'Wm b Vit1'Un'llfl1i'VI 'V>l'll11 

:ijlfl 



--Pot fETML 8 

- Tb 
I t- - . . T1 . 

\,, .. 1h. WATER I _t;....;;.;L 
, 

....... I I '____,.. 
Re!Otr.•or % , 1:.ii.;1 ' • w· ocTT-i [iectr•:QI I ep »% I ' ti\ ' 

. . . . ;' ., I ,,,.- - , -- i. 
- "" ' •O-"i . . .:_ I 10'9 ' WC t leciflCOI -· 

Stueld 1 ar' U I 1' 
F1et'8r.:1tw ' . I 

L I l 
'f/11 

I J. 

2.1s lPl1bb [11] 

11 \ i \ 

; ! -
/ l ;· 

t; i 

i.\\ 
i \1 
\ 'i\ ....... 

... 

:>_-__ r lefl1}eroture line 
_;- - ·:-S1'3CE:-vtll-;" Gtf=-- ,_,, 

------=-c..--· --{ 1f · - ; ; - '• '.., 

·;.; ·.: > _: 
'. ' - ' ' i .' •. - -·- - ' ' .: . .- " . ,· ' - ·'1 

' . . '' ...... .. -, ' - . ti 
..!:'" . ' 

2.16 [11] 

22 

V. Hindasageri et al. (2015) [12] 

1 -ffi1 'U'U Premixed ' 
(Heat flux) 

250 mm 2 
I. vl1tl'U 7 mm '1tl €i ir-::i 

'111J 1. "il'W 



-...... 11u ............... .., ...... 1u ............... 
" .. . . lit. " .. : • : ........ ,,, ••• : ft c .... •t ... "' ,. . . . . . 

tfi 
' . . . . .. ,_,.,....__.., ( .,,... .. .. :i 

" .. . .. at a •I Ii' : • I ... If ••• 
.. 1'11 • • • r n r " • 1 01 

. . . . .. 

Ill 
. i . . 
.. ' . ,·,...;-

I 
" ' . . ... , .. ... .... _... ...... f•llt"' ... 

' 
J 

0:1 
"··· ,,., ... " " r •: ".,._ •·ul .. .. .. ".: .. ; ....... Qi 

.. ... , . . 
lilt 

. ., 
.... 

.I 
":L 

II(, -": ,.,.,. ......... ... -·-· •1-,'· 
• I• 

!H If If .,_ i: • { •• II' 411 I • • ( U ;: r.,. 1·•1 

" 
·: I t: •""- "" ' ;, . '). 

.. ,_,. . .., ... 

£Z 
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2.3 • 

<Cl Cl.I .cl d II 
-:t1'U1l\IEJ'Vlbna1"tle:i.:i ti 

'\"U'L 
""' 

[2] 
' 

2544 

A. Tamir, R. Elperin, I fl.f'l. 

and S. Yotzer [3] 1989 

th::i..n'VI 

b\Pl1 

bb I fo 
b b "B-:iri11:w1e:iu611V11''U b\Pl1 bbfl'1'Vl-:J 

' 
1 uri1'1 KB-10 'Vl1-:i1u-:i1:wn'U PRRB 

(Water Boiling 

Test) "li1EJ 

11. 92 
'IJ 

bvi1ntJ1e:iEJc;i:: 30 

bb I b"8-:iri11:w1e:iu 
'IJ 

KB-5 
' 

(CB) mbtJtibb'U'U 
0 I Q.J 0 .Q, .d.c:::i1 

'Vl:Wtilti (SB) Vl:W 
' 

Q.J 0 .ct 0 v 
26 bbc;i:::w:wbe:iEJ-:i 15 

' ' 
(Water Boiling Test) 

(CB) bvl1fl'U1BEJ'1:: 6 
"' 1'1\l\Pl I bb I b"8-:iri11:w1e:iu'11V11''U 

'IJ 

bfJfl::b'1U::fl'1 [4] 
' 2547 KB-10 

' 
CB mbtJU SB 

'IJ 

PRRB v11-:i1u-:i1:wn'Uf\1"1JU::nmb'Uti-tltibrl-:J vl1 
,, 

(Water 

Boiling Test) 
Q 'V .c:i1 0 I cu i.I 

b "ll-:Jfl11:W fl'Uf\ 1"1JU:: fltibb 'Uti 

bvl1tl'U1€JEJ(;l:: 45.02 bbf;l::tltibrl-:Jbvl1fl'U1€JEJ(;l:: 

44.27 
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2.3 <viei) • 

' ' Q, Q,I ..:ii ..:ii if 
.:11'U1'1EJ'VlbnEl1"tlel .:! 

'OJ11tU 'OJ1'UflG'l1..:J [5] 
' 

U. Makmool et al. 

[6] 

Q f{ Q.I Q.I ff 

eJ'W1\9l\9l iJ'Vlu'OJm 
' ' 

tJ".i:a.n'VI 
i'.J 

b\P11 

YU'l. 
'lJ 

2549 

0 di. Q.I Q.J Cl 2.1 
'Vl1fl11131fl'l!t1 b\9l1 bbfl6'1'Vl..:J\9liJ '()'LI 1Vl 

' 
KB-5 bVltJ fl11 b\9l1 CB 

'lJ ' 

iJibll'W SB PRRB Vi1..:i1'W11iltl'U 

fl'Wbb 'U'W-fl'W 

(Water Boiling Test) 

'V1'Ul1 PRRB (SB) 

51ri1'1..:Jfll1 PRRB 
'lJ 

(SB) 1fi'..:i 

20 

ri.131. I bb I 
2007 'Wri11 b.fl'Vlbb 

' 
e:itJ 1 b'Vll311 'VltJ bbii'1Vi1 m1 b mtJ'U 

'lJ 

PIV Y1'Ul1 

b\9l1 bbfl6'1Vl..:J b 'Wfl1'1 
' 

PIV 

'1'1.131. I I 
I 2552 b\9l1 bbn6'1Vl..:i b.fl'Vl bb \9l1iJm ' 

[7] iJe:ifl.2312-2549 15m1 
' 

(Water Boiling 

Test) '1'1'Ul1 'lJ., 

m1iJ-re:i'W eJ'Wtl1fl1131 
' ' 

bbn6'1 'V1'U111 
., 

di. I <V I.I 

15, 11 6 
'lJ 
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2.3 L • 

' ' c. u .cil .i:::t II 
.:11'Ll1lil'-l'Vlbn'-11"tlel.:I 

A. Namkhat and 

S. Jugjai [8] 

1 

[9] 

P. Boggavarapu, 

B. Ray, and R.V. 

Ravikrishna [10] 

ti 
th::i..n'VI 

b\il1 

fl .f'l. I bb I ' 
2010 (PA) Self-Aspirating 

Hot test Cold test 

b oJ1 t.J'U b Vit.J'U [:.Jfl tltJ bb tJtJ "il1rtt1\I b "ll\l'Vl t)'\;5blJ blJ'U 
V V tf Q.I I 0 

WtJ11 t:.Jrt'Vl1'U1 t.J'Vl1\I 
' 

..::ii tJ v d 
l°lfltl\I f1'U 

b V1tit.11oJ 1 en Vlrt 
,, 

(PA) 22 

w.f'l. I bb I 
2556 

fl.f'l. 

2013 

"ll'U1\il KB-5 

1 Vlrtb"ll\lrl1'U1U.l ( CFD) 

b oJ1t.JtJb Vit.J'U tltJt:.Jfl U.lb WtJl1 

oJ'1mrue:nmf'lci1mb (PA) 8.33, 

6.07 4.21 

bb I off 

(LPG) (PNG) 
Clt..c::il 0 2.1 .Q..c::il tf 

1Vlrtb"ll\lrl1'U1ru (CFD) WtJl1 

fli!t1"1Jtl\I bb 'U'U"il1rttl\l"lltl\I 
,, ' ,, 

b (LPG) 

2.5 
2.1 .c::t Q..I 0 Q..I ell 

10 blJtl 
' 

' 
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2. 3 -:11'LI L (\Piei) • 

' ' II I I tl':i::Lf)'VI 
Clll .:ii ti llrnm':iAn'tet1"tlv.:i.:i1'Ll1:5'a 

-
J. Francisco et al 

[11] 
I M. I L"11W-W1 

2014 

TI.fl 1'V'J 1. 68..:i F1111J e:J..:i 

m'll'U::: ('Vli!e:J) ·1.m1.19n1vJvh 

V. Hindasageri et al. I fl.I"\. 

[12] I 2015 

v .di! 0 v 2.J 

fl111J1€J'Ufle:J f111'U1fl111J1€l'U, f111'V'J1f1111J1€l'U 

1.1.'1::: fl '! ..:i i1fld1lJ1e:J'U 1tJ15 f111'\ll '1€1..:i 

1.mtJ'U1.'VltJ'Un'Um1:51'1e:J..:i 'V'J'U11 e.1'1"i11nm1"i11 

'1€1..:i e:J..:i 

1.19111 m"B..:i 1.oJm 1 'VJ 

'V'J1ru'1!8 1im1'Li11.'\ll'Ue.1611Jn'U 
'U ' 

mml"l1 'W1oJ1.b'U'U Premixed 
'U 

I. b 'VI tJ'Un'U m1:51'1e:J..:i 'V'J'Ul1 

d..::t Clo J' d 2 (Heat flux) 'VllJ'U11.1UJ'V'J'U'\ll 250 mm l.b'1::: 

1.vhn'U 7 mm 

:ij1'1e:J..:i 



"' 

d 
\J'Vl'VI 3 

Q .Q.Q.Q. Q,I 

\JE.l\J151'1\JEJ 

3.1 

2.1 _tj 2.1 Q.I ct.V 

bfl tn"ll tJ 

i 
bb'U'Ulil1rie:i-.:i CFO 

! 
KB - 5 

3 m1 
i 

" 

LJ-r'ULJ1-.:i1LJ bb'U'U , " 
m1:6'1rie:i-.:i 

1 otlbb'U'U:6'1rie:i-.:i 

f111lJD'UD1'U k - e Species transport with 

reaction 

i 
,...._ 

i 

I ... , IOllll I 

1 
" 

bb'U'Ufl11bb'U'U:6'1rie:i-.:i1 LJP!n'l;1 Vl1i' 

b"li'U (LPG), LJr11 
" 

(a) 

q Q,I 4!::11 Q..cilA. Q.I 

.fl1'W'VI 3.1 uau161'1a 



.. p. z WW gz:·z:17z: lblJL\A, rnr. l1i rli 1 l1i 

n. 
WW 6"0 lbl.lLIAi LtlbM. 1 "£ Z:"£ !AM.LU' rbl '=" 1?' l="rb I l'li I )ro::r I=" 

" ' ' • n. 

n. • n. 
<;-8)1 iilAU'i ;;tr, 

n. • 
c;-8>1 1Tz:·cc: 

(.JOSSa:Jo.Jd-a.Jd) i 'Z'£ I l'O 

"' 

n. • 
£ (O:D) mtnL)pt:-&rnllbtt:-@u. 

" " 
t !2'LllL@lbiJ (9dl) 

" 

(9dl) 
' " 

L rtL !\llt LrtL!Jt:-@ ii L l':l Li Lllb 

ii ii i LrtL!b 
n. n. 

t Ll':litLL.ll1111ir,tn (O:D) tr.1 

UO!PEClJ Lfl-!M +JOdSUEJ:). sapads 3 -11 
n. 

<;-8)1 ii1Avi;::tr, 
" ' ' 
• t t:-llb!J)Jii ii t:-Lk!Jt 8 i 

(O:D) !JL L)pt L 

1 ·cc: (O::D) 
' ' ' 

t i ( O:D 

'SJ!weuJ\o P!nl:J ieuoqe+ndwoJ) 

t i 
" ' 

IJ)Jii L.l@11t:-r1lltLrtL!Jftt 
' " " 
rt!Jl':l@\A,l"b rt!Jl':l (9dl) iBffe rn)Jii 1'1JLrt&r6Ll i LlL 

n. 
CJ-8>1 

n (9dl) mig i t 
" 

6Z: 
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bvl1tl'U 70 mm ('\lllJB) b'UB1 45 

(lJBfl) 2312-2549 3.3 "" . 

/ 

3.2 (LPG) (CB) • v 

3.1 'tl'Ll1fl KB-5 v • v 

II fl1 v 

(mm) 
" 

0.9 
d • 2 (mm ) 242.28 

(mm) 22 

';ifl (mm) 23 
I I .,:J 

(mm) 165 

(mm) 70 

b'UB{ 45 (mm) 450 
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r-------------------------1 : IE rJ I • ' • • ' .,,, I 
I I 
I I 
I I 
I I 
I I 
I _i_ I 
I - I 

• I ' • 1 '. • •. I 
· ·· 11 1 . n .. ,.,,,,,,,,,,. I .. ---------

........... -·- , --·- ··-.·:. -, -- . -.. i( .. --. -. -.. -. --. -... -... , '' 
. \ 

\ld(.,•1,.• .1,.1·. I ll.ih.;'J .• • .1,\1.'<I'. 

3.3 

3.2.1.2 fl1'Hl1Vl'Uvm.J"ll (Mesh) 

(Mesh Generation) fatJm1n1vt'Uvi 

bu'Vn b\911 b 'U ri-r1 b1eJ'U lil'U b 1 
' 

45 l.Je:in. 2312-2s491vitJ1i 
"" ' 

CFO blJ'Um1n1vt'UV1blJ"ll (Mesh) 3.4 
'\J 

\11:1J1abfil'tl 1 fiti 
"' 0 ., \ll:IJ'lEJbfil'ij 3 flit! 

tUl t l,, 

\ll:IJ'lEJbfil'tl 2 fiti 
\ll:IJ'lEJbfil'tl 4 fiti 

d II • dd11 
fl'l'W'VI 3.4 m':ia':i'l.:tb:IJ'tf (Mesh generation) bb\J\Ja'1:1Jb\llfi!EJ:1Ja\ll'Ll'l (Tetrahedrons) 
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(Mesh) b (Tetraedrons) 'W 

'aDbb'U'U Skewness Geometry ffi -ill 'Um'aflifl°1!!'1 

fl11 l1'1 bB tJ 1'Wm'arl'1'W1 ru blJ61l (Mesh) nm 'a r\'1 'W1 runfl11 lJ bB 'lle:i-:i 

element bvl1tl'U 1,061,655 element '11'W1'U node bvl1tl'U 198,261 node 

bvl1tl'U 8.035x10-
7 

mm bvl1tl'U 0.828 mm ' ' 
I Q.J oC::li .:::t I I cf cf <di 

b'Vl1fl'U 0.236 mm (Quality Mesh) 0 fl-:J 0.25 61l-:JfleJ 

(Mesh) 
' 

3.2.1.3 (Boundary Condition) 

(Boundary Condition) 

1 'Wfl-!1 KB-5 ffi -ill 'Um'aflifl°1!!'1 
' 
1) 'lleJ'Ub"lJ\Pl'Vl1-:Jboif1 (Inlet) (Outlet) "lJeJ-:J1Dbb'U'Ufl11'11i;ie:i-:i 

fa tJvl1 fl11flifl°i!J'1 m11 'Vl'1 b (LPG) tl'UeJ1 f11f!l 

KB-5 [10] CFO 
' 

(LPG) bvl1tl'U 0.9 mm bvl1tl'U 

9.48 kW 0.5 bar) Mass flow rate (kg/s), 

mass fraction 1 b ( C3H8), D1 b 'Yl'W ( C4H10) ( 02) 

3.2 (Inlet) 1 

(Outlet) 2 3.4 ' 
(LPG) fl'UeJ1fl1f!l'lleJ-:J'a'Libb'U'Um11il1i;ie:i-:i bvl1tl'U 300 K 

3.2 "tleJUb"tl\Pl\111-:tbii'1 (Inlet) "tleJ-:t'atlbb'IJ'l.Jn1'al\11f;'lv-:t .. 
Boundary Type Inlet 

Mass flow rate (kg/s) 0.001319214 

C3H8 mass fraction 0.059382606 

C4H 10 mass fraction 0.039589018 

02 mass fraction 0.20720699 

Static Temperature (K) 300 

Boundary Type Outlet 

Location Opening 

Mass and Momentum (Pa) 0 

Static Temperature (K) 300 
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2) "lJ€J'l.JL"ll\Jl'Vl1-.jboiJ1 (Inlet) (Outlet) "lJ€J-.j1i.Jbb'lJ'lJfl11:ij1;;=i€J-.j 
'\J 

(Wall Treatment) "lJ€J-.j1i.J bb 'lJ'lJ m1"il 1;;=t€J-.j61'1Vi1''lJ 
'\J 

fl11bm1Vlii Standard wall function b'W1i.Jbb'lJ'lJ No-slip wall 
'\J '\J 

"lJ€J-.jfl11:ij1;;=t€J-.j b .lJ'W 0 b v\1 fl'lJ 
'I 'U 'U 'I 

39 5 K61'1V11''Um 1 Viii b 1 fl tJruVI b -.j n11 tJtwVifllJ 
d3 q 'U 'U 'I 'U 

"" .. 
' '\J ' 

3.3 "UeJ\Jb"tJ\;Jt:Ji!.:i (Wall Treatment) 

Boundary Type Wall 

Standard wall function No slip wall 

Temperature (K) 395 

3) (Combustion Model) 
'\J 

Partially Premixed Model 

(LPG) (C3H8) (C4H10) 

LPG Air Mixture 3.4 

3.4 (Combustion Model) 
'II 

(Combustion Model) 
'II 

bTI1bTI'U (C3Hs) 

Dlb'Vl'U (C4H10) 

(CO) 

1 Viii fl1{'lJ€l'W ( C02) 

iJ1 (H20) 

(N2) 

(02) 

Vliibtm (LPG) 

(LPG) ( 02) Viii bbri 
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(CO), (C02), tl1 (H20) (N2) 

(N2) 2.5 

3.2.2 (processor) 

fl1 ';j'l.J';j t:J '6'l"ll€J-!l bb 'lJ'lJ '6'1 e:i.:i fl1';ibt:J11 VllJ "lltl .:i 1 'W fl-!1 'Li b.fl 'Vl 
' 

KB-5 81-llb 'Li-;ibbmlJ&11b CFO 

flfl1-;i Le..111 VllJ"lle:J.:J-;i'l.J LL 8 ri1m1:i.J 

vl1'W18t:J"1 (Converoence Criteria) Lvl1fl''lJ 10-6 
:::> 

Convergence Criteria 18.ff 1ri1 

Lvl1il'lJ 500 Iteration (Report) 

3.2.3 (Report) 

'W -;i'Libb mass fraction 

3.5, 3.6, 3. 7, 3.8 I , cu 'lJ , 

3.5 m:u1ru mass fraction "tie!.:! co 



zo t-@n. uoipeJJ ssew L ·t; IAM.Lll 
I"' 
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3.3 • 
QI tnl II G.I 

3.3.1 Vl'Jb\Pl1bbmlV1.:i\Pl11bb';i.:lfl'lJa.:i "tl'lJ1fl KB-5 . .. 
(CB) 6-25 kW ' '\) '\) 

3.9 tl';izb.n\llbb "ll'lJ1fl KB-5 . .. 
"' 3.3.2 

48 kg 'Vl'1 

bbfim<ff (Pressure Regulator) b b:ff m fJ 
v 0 8)1 

bbfl'1 

3.10 (LPG) "U'lJ1fl 48 kg 
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3.3.3 (Pressure Reaulator) . . ;:, 

(pressure regulator) LPG HARRIS iu 8018-4-LP bll'W 

40 bar 
' '\J ' 

3.11 (Pressure Regulator) • • 

3.3.4 (Gas flow meter) 

e) Vil:l'V€J\I bbnm b Nitto DKSOOs-6 [Air] b 
' 

bbtJtJl:lfl'1€ltJ 1Vl'1'V€l\1€l1fl11"1b 100 - 1000 L/h 
'\J 

3.12 (Gas flow meter) 
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3.3.5 (Hood) • 
DIN EN 203-2 ' "" 

1 l'U'U'U'lleJ..:JV!lJ e:i b m'1 e:i..:i n'l..lm m Pin1 £.J'U e:in b-i11m t1 

3.13 eitlmru1fl lmaa (hood) • 

3.3.6 (Exhaust Analyzer) 

(Exhaust Analyzer) 1 bi:.Jl 1 viii' 
Testo 350 CO, C02 0 2 0.05% 

1..:ie:ie:in'IJe:i..:i 

3.14 (Exaust gas analyzer) 
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3.3.7 (Data Logger) 

fl floif oU-'.l1'Ll fl'U ;;11 fl UJVi <QlJ (Thermocouple) 

(K) 10% 90% 

'11t!;;11 fl fa 9 utJ:J.J 66:J.J-:imu;;1 
'lJ 

-180 °( 1,350 °( 
' 'lJ 

111cwvi 3.15 eitln':iWU'LIVinilei11t'l (Data Logaer) 
• 'I.I ::> 

3.3.8 

0.01 'lmVi 

' 111cw\ii 3.16 
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3.3.9 

b'Utii 45 45 

30.6 nbf!n-rl.J eJ1.::!B'l\Pl1l.Jl.J1\Pl1\i1'WeJ1.::!B'l DIN EN 203-2 ' 
L"il.::i rn1l.J1'ti'W"llti.::i b\Pl1 bbtl61Vf.::i hrn b'Vl tiTil.JlJ b\Pltiib 1 fllJ 

'I 'U 'I 'U ., 
"llti'ltl1 

,:ii II 
.f11'W'VI 3.17 (V111el) bUel':i 45 

"" 

3.3.10 b'Vlvfi:11ijb\Plvi (Thermometer) 

m UJVfflil 
'I 'I 'U 'I 'U 

I V Q 

b'Vl1fl'U 0 - 100 c 

tJli' 

. 
.• •.ii"' 

•/ •,,#" 

3.18 b'Vlei-flllijb\Plvi (Thermometer) 
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3.4 

eJ1\lB\l\9l1lJlJ1\Jl';i;J1'WbtJtJ';ilJ'W DIN EN 203-2 [14] ... 
m-11 f11';i'\.J';i:: tJ b b\Jl1 bbfl'1Vl\l (LPG) '\.J';i:: b.fl'Vl bb -;i\l \'l'W'1\l ';i\91\ltl 

' ' 'U 

3.4.1 b b-tl'W ;)1'W';itl\l.fl1"ll'W:: 
'I 'I 'I 

1'Wri'!1b1€l'W '\.J';i::b.fl'Vlbb-;i\l\'l'W'1\l KB-5 (LPG), .fl16ll'W:: (VliJtJ) b'UtJ1 45 
'\J 

45 b6i!'W&iblJ\Jl';i 

3.4.2 b\Jl1 b1J11bllm1m'\.J';i::mru 1 o 'WTVi 
' ' 

3.4.3 (eJ1\lB\l\Jl1lJlJ1\Jl';i;'i1'W DIN EN 203-2) bvl1tl'U 30.6 kg ... 
1ci"\l 1 'W.fl16ll'W:: -w1tJlJ fl1 TU'WVifl tlf.1.!Vl.flil 

' '\J 

3.4.4 'Vi'1rn1i.J'!'UeJ\Jl';i1f1111 Pressure Regulator 

3.4.5 '\.J';i::lJ1ru 90 tJ\lf'111 
' '\J ... 

6LJtJlJ"6LJtJ\l nm 
'\J 

3.4.6 bbn'11€l 

(hood) 0 2, C02 bb":: co 



"" 'U'Vl'VI 4 
..... d 

1 b\911 'Llfl-r1 KB-5 
' 

'lh::: bflVl (CFO) b 'Ll':i'lJ bb iJiJfl1':i1 k - c 
'\J '\J 

RNG species transport 
,, "" ., "" 

4.1 tfim.J b 

m':i b LJ18iJ b Vi 8 rn.n1 li!1 mLJ bb iJiJ fl1 m':i V1ilt11V1-riJ b\911 u, nGi'Vl-:i b 'Llfl-r1 
'\J ' 

'lJ':i::: bflVlbb KB-5 b :ff e:i 
'\J '\J 

(LPG) (On) bvJ1tliJ 0.9 mm (LPG) bvJ1fliJ 9.48 

kW 0.5 bar) b 'Ll bb (tl'Ll'Vliie:i) zj,:i 'Ll':i'lJ bb 
'\J 

mass fraction b"li'Ll mass fraction 

"1J€J-:ibbflG1tleJfl68bli!'Ll (02), (C02) (CO) 

b 'lJ'111 'V'J (Flame Temperature) b\911 b 'Llfl-r1 

b'Ll':i'lJbbiJiJ.yj'11LJ (Conventional Burner, CB) 4.1 "ll. 
'\J 

4.1 n1'ab 'l.fia'U b Viau v..:ia1'111Tu b\Pl1 b • 
KB-5 

'I.I 

B\Pl'a1m'ailv'LI 
m3J1W mass fraction fli1 

"tlv..:lbbna1eibaavi'Li¥1'111i..:i'11n 
0 

"' ... Q 

..l (g) 
(kW) (g) 

(g) (%) 

tleJfl68bli!'Ll (02) 0.207343 0.191417 7.68 

(C02) 0.0315491 0.035567 12.73 
9.48 

(CO) 0.000388191 0.00032361 15.78 

eJUJVlflihm-:ib'lJ'111'V'J (K) 1854.33 - -
' '\J 
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1flfl1';i'11mN I. LJ1 CJ'U I. ViCJ'Ufl'U ';i'V1V1(;'1€J ..'.l 'V'l'Ul1 tusn"lJ€J..'.l l.l.fl'11€l 

fl1';i1.m1VllJ"ll€l..'.lfl1';i'11(;'1€J..'.l (LPG) 1.v11n'U 9.48 kW 0.5 bar) 

mass fraction "ll€l..'.ll.l.fl'1€l€lfl681.:u'U (02) llr111.v11i1'U 0.207343 g, mass 

fraction "ll€l..'.l l.bfl'1r11'foe:J'U1viv€Jfl 161llil ( C02) i'.lr111.v11 fl'U 0.0315491 g mass 

fraction "lle:J..'.11.1.fi'1rn1'Uv'U:l.J€J'Ue:Jfl161llil (CO) llr111.v11i1'U 0.000388191 g 

mass fraction "ll€l..'.ll.bfl'1€l€lfl681.:u'U 

(02) llr111.v11n'U 0.191417 g, mass fraction "ll€l..'.11.1.nr:1ri11'Uv'U1vivvfl161llil (C02) i'.li-11 

1.v11n'U 0.035567 g mass fraction "lle:J..'.11.1.nr:1ri11'Ue:J'U:l.J€J'U€Jfl161llil (CO) llr111.v11n'U 

0.00032361 g :u1 LJ1EJrnVi 'U'U 
0 1...::::iil.I cJ tQ./2.1 

'V'l'U11 :l.Jrl1rl11:l.Jfl(;'l1\ill.fl(l€J'U 7.68, 12.73 15.78 

zj..'.lf'l1m1:i.J rim vi ';iti CJ€l:l.J'!'U 'Ue:J n:u1 n-d ';iD 1.1. 'U'U"ll€J..'.lfl1';i'11"€l..'.1'11lJ1W1.1.'1 VJ..'.l 
'IJ 

vilJ' 1.v11i1'U 1854.33 K , '\.I \.I , 

' ' 
4.2 (LPG) 

"tl'U1fl KB-5 • 
:u1 flfl1';i'V1V1'1v'Um1:i.Jti11. zjvnv"lle:J..'.l ';jLJ 1.1. 'U'Ufl1 ';i'11" :l.J1';iti CJ v:i.J'!'U 1m 'W-X1-ir 

'IJ 

'U'U fl1';i'11'1€l..'.lm 1iv11'U1 EJB'VlTI'V'l(;'l fl1';j 1. eJ\Jl';i1 fl1 ';iD €l'U 1. 1. (LPG) €l 

b 'Uri-!1 i.1v'U "ll'U1V1 KB-5 b 'U';iD l.b 'U'U-X11.\Jl1 LJ 
' 'IJ ' 

(CB) (LPG) 1.v11n'U 9.48 kW 0.5 bar), 11.06 kW 1.0 

bar), 12.48 1.5 bar) 13.48 2.0 bar) 'V'l'Ul1 mass faction 

6llv..'.l 1.1.fi'1v€ln6B 1.:u'U ( 0 2) ';i VllJ"lle:J..'.l ';jLJ 1.1. 'U'U fl1';i'11"€l..'.l i'.li-111. \Jl';i1 fl1 ';j 
'IJ 

(LPG) mass fraction "ll€l..'.ll.bfl'1€l€lfl681.:u'U (02) i'.li-11 

1.v11i1'U o.207343 g, 0.207910 g, o.208017 g o.208006 g 4.1 

mass fraction "ll€J..'.ll.bfl'1€l€lfl6B1.:u'U (02) VllJ"ll€J..'.l';iDl.b'U'Ufl1';i'11(;'1€J..'.llJ1 
'IJ 

vilJ''1:i.J\pru (% 1vi EJ:l.J'J(;'l) 'V'l'Ul1 ru 1.1.n'1€l €J n681. :U'U ( 0 2) tj 
15 201viEJ:l.J1(;'1 

'IJ 'IJ 

€J€Jfl6B1.:u'U (02) 4.1 mass fraction "ll€l..'.l 
'IJ 

1.1.n '1€1€1 n6B 1. :U'U ( 0 2) vilJ'"lJ €1..'.l ';iD 1.1. 'U'U fl1 ';j '11 (;'1€1..'.l 'V'l 'Ul1 \Jl';i1 m ';i,J €l 'U 
'IJ 

(LPG) 1.v11n'U 9.48 kW 0.5 bar) 11.06 kW 1.0 bar) mass 

fraction "ll€l..'.l l.btl'1€l€lfl68 l.:U'U ( 0 2) 1. 
'IJ 
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L.fhnru mass fraction (02) 

1 \Jl':i1n1-:i'l'Je:im b Lfl 1 

.2081 

.2080 

........ .2079 Oil ....., 
C'I 

0 .2078 .... 
0 
c .2077 0 :,::; 
u 
llJ 

.2076 
Ill 
Ill 
llJ 
E .2075 

.2074 t I I • 02 I 
-

I I I I I I I I I .2073 E I I I I I I I I I I I I I I I 

9 10 11 12 13 14 

Firing rate (kW) 

I I I/ I 

.f11\'\1Vi 4.1 (LPG) mass fraction 

unaeiein.ijbl\l'U (02) 

bb'U'Ufl1T'il1'1€l-:i611lJ1':it1€l5'U 1 CJ mass fraction "lJ€l-:i bbti61 

rn{'Um.i 161!\il ( C02) 4.2 611lJ1':iti'Vl':i1'U 

(LPG) 'Vj'lJ11 mass fraction (C02) 

';iD€l'Ub b (LPG) ntf 'U611lJ1';itl'Vl';i1'U 

(LPG) bvl1tl'U 9.48 kW 0.5 bar) n-:i 12.48 kW 1.5 bar) Vl'U11 

mass fraction (C02) zj-:il1ri1 

bvl1tl'U 0.0315491 g, 0.0332293 g, bb'1::: 0.0375788 g 

(LPG) bvl1tl'U 12.48 kW 1.5 bar) n-:i 13.48 kW 2.0 bar) Vl'U11 

mass fraction "ll€l-:ibbn61rn{'U€l'U 161!\il (C02) 

4.3 (LPG) 

mass fraction (CO) 'Vj'lJ11 mass fraction 61.1€l-:ibbti61 

161!\il (CO) V1if"lJe:i-:im-:i'11'1e:i-:i ';iiJ€l'U b 

(LPG) bvl1tl'U 9.48 kW 0.5 bar) n-:i 11.06 kW 1.0 bar) mass fraction "ll€l-:i 
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rn1'ue:i'Wl.leJ'UeJt1161llil (CO) zj,:iilriw1hn'U 0.000388191 g o.000402508 

g ( 0 2) 1'U-d1-:in1'mn1 mass 

fraction ( 0 2) 1 
'lJ 

mass fraction 161llil (CO) 

(LPG) Lvhn'U 11.06 kW 1.0 bar) 13.48 kW 2.0 bar) ilmmru mass fraction "IJeJ-:J 

(co) 
'lJ 

e;:, 

"' 0 u .._ 
0 
c 

_Q -v 

............. ....,....._......, .................... ...-.............. 

. 038 

.036 

.034 .._ 
"' "' ""' E 

.032 g 

.030 I I I I I I I I I I I I I I I ! I I I 9 f ! f p I f 

9 10 11 12 13 14 

Rring rate (kW) 

4.2 (LPG) mass fraction 

(C02) 
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.0011 

.0010 

r-. .0009 on ......... 
0 u .0008 .... 
0 
c 
0 .0007 
u co ..... .0006 .... 
Ill 
Ill co 
E .0005 

.0004 I--- co I 

.0003 
9 10 11 12 13 14 

Firing rate (kW) 
I I 91 I 

.n1V11iii 4.3 (LPG) mass fraction 

c co> 

'lJhnru mass fraction 'VilJ"lleN '\J'\J 
'lJ 

b\Jl1 b 'Wr11'1 b1€l'W KB-5 b bb LJ (CB) 
' 'lJ ' 

(LPG) bvl1tl'U 9.48 kW 0.5 

bar) 11.06 kW 1.0 bar) mass fraction (02) 

mass fraction (CO) 

v111 bLJ'111 vJ 
'lJ ' 'lJ 

1i11m'l.J bb EJ€ltu'Vlfli1 b 'l.J'111 'VilJ 
'\J 'I '\J '\J 'I 

1854.33 K, 1883.72 K, 1903.87 K 1909.59 K 4.4 

(LPG) bvl1tl'\J 9.48 kW 11.06 kW 'VJ 
'I '\J '\J 'I 

' ., 
cf I C:0:: 

b 
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1920 

1910 

1900 
S2 ....... 
Q) 1890 .... 
::J .... ro .... 
Q) a. 1880 
E 
{!:. 

1870 

/ I --- Temperature I 
1850 I 

I I I I I I I I I I I I I I I 

9 10 11 12 13 14 

Firing rate (kW) 
I I JI I 

.n1cw\ii 4.4 (LPG) • v \.I • 

4.3 filVIG"Wi'l"tl'U1fl':i\111.:ivvn"tlv.:ib tli'l11 LLna 
"' 
"tl'U1fl KB-5 • 

':il1 bb 'IJ'U EJ f1"lleN b LJm 1 yJ ( D p) 

uri1'1 "llti 1 KB-5 €J be.J 11 eN EJi1 
' 

(CB) (DP) b'Vi1n'IJ 2.0 mm 

(/J) b'Vi1n'IJ 55° (a) b'Vi1n'IJ 0° 

4.5 4.6 vJ Wp) L'Vi1n'IJ 

1.8, 2.0 mm (LPG) b'Vi1n'IJ 9.48 kW 0.5 bar), 

11.06 1.0 bar), 12.48 kW 1.5 bar) 13.48 kW 2.0 bar) 

4.2 
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lPl1"a'Nvi 4.2 "tl'U1t'l-aV11.:imin"tlv.:iblPl1bbna'Vl.:ilPi'11 l ufli1 tJ (CB) . 
d d 

'\.J-a:: b.fl\ll"tl ei.:i blPl1 (mm) 
"tl'U1t'IW'U\ll"a\111.:lvvn 

(mm l 
CB 1.8 215.60 

CB 2.0 242.28 

CB 2.2 278.40 

111wvi 4.5 (CB) • 

111wvi 4.6 (CB) • 

'11 m'lJ bb 'U'U f11 ':it11lJ Trn'Vl 1u 1 B'Vlti'W '1"l.l'W 11'1':i'Vl1 .::i e:i e:in"l.I e:i.::i b 'lJ '111 (DP) '1 m e:i 

'W'U'J1 mass fraction "l.1€l\lbbnt1e:ie:in6ilbli!'Ll (02) 

f11 ':iD€l'Llb (LPG) b i'.J'W 1 tfl 'UVi\3\'Vl1\l e:in"l.le:i\l b'lJ'111 (OP) 11'1 

(LPG) bvlltl'U 9.48 0.5 bar) fi.::i 11.06 kW 
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1.0 bar) l1'lfhnru mass fraction (02) ' 
'IJ'W1Vl'IJ€l'lTV11'l€l€lf1'1J€l'l b 'llm 1 

.2084 

.2082 -.2!) .. 
0 .2080 ..... 
0 
c: 

..Q .2078 
1j 
..... .2076 

E 
.2074 

a / / .// 
/" ,,. 

.2072 .,..,,-/,.,./ 

.2070 
9 10 

/ 

... {) 

........ o······· 
!)-········· 

11 12 

rate (kW) 

// 

// 

__._ 01.8 
.... o .... 020 
_..,_ 022 

13 14 

.n1-wvl 4. 7 'l..B111ru mass fraction (02) .. 
(DP) 

(DP) bvl1tl'U 2.0 mm mass fraction 

'IJeJ.:J ( 0 2) b f1f111 

mass fraction (C02) 4.8 

mass fraction ( C02) 

b\911 b 'Wfl-r1 b'llfl11 (DP) bvl1 tl'U 

1.8, 2.0 2.2 mm mass fraction 'IJeJ.:J ( C02) l1 

bb'W1 b (LPG) 1 
bvl1tl'U 2.0 mm mass fraction (C02) 

'V11.:JeJ€lf1 1.8 mm 2.2 mm ' 
1 be-.111 'Uri-!1 -ill 'Wf111Pimn 1 ' 

mass fraction (C02) 



ON 
u 
0 
c: 
0 
tl 
£ 
"' "' "' E 

.o94 rr-T_,.......-,_,......,.....,..-r-"'T'""T""il'""""T_,.....,...-r-T"""'lr-T_,.......-...-__..-

.092 / 
/ 

/ 
/ 

.090 
T'--------

0 .. 

.088 

/ 
/ 

/ 
/ 

K"-
/ 

o· 

_ .... 

_.._ 01.8 
o.. 02.0 

02.2 

.086 I I I I I ! I I I I I I I I I I p I t I I ft I I I I 

9 10 11 12 13 14 

Firing rate (kW) 

..; "F- .. d 1 1 d ...,.., .fl1'W\ll 4.8 1J'UJ1ru mass fraction flviln 8lf\il (C02) 
'I.I 

(DP) 

50 

11il cFil1 mass fraction "ll€l'l lil'U ( 0 2) 

mass fraction 11il€l€lfl ( C02) mass 

fraction (CO) 4.9 mass fraction 

m1'lJ €l'Ul.l€l'U€l€lfl (CO) 'VliliJ bb 'W11 uiJ b e:J'Ub:ff e:J 

(LPG) <op) 
(LPG) bvlltl'lJ 9.48 kW 0.5 bar) n..:i 11.06 kW (vl 1.0 bar) 

mass fraction (CO) 

mass fraction mass 
'lJ 

fraction (DP) bvlltl'lJ 2.0 mm mass fraction "ll€l'l 

(OP) bvlltl'lJ 2.2 mm. bbf!::: 1.8 mm. zj'llil1flfl11 

bt:.111 'Vli11:::'Vl11..:i b:ff e:J b (LPG) n'lJm ml"! vlB(;l11fl11 

(LPG) bvlltl'lJ 9.48 kW (vl 0.5 bar), 11.06 kW (vl 1.0 bar), 12.48 kW 

1.5 bar) bbf!::: 13.48 kW (2.0 bar) mass fraction 

mfoe:J'Ul.J€l'U€lfl (CO) 1 
'lJ 

b '1Jf111 'V'J 4.10, 
' 'lJ 

(;1111..:ivl 4.3 bbf!::: 4.4 (LPG) bvlltl'lJ 9.48 kW (vl 0.5 bar) 
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(DP) t.vl1fl'U 2.0 mm 

(OP) t.vl1tl'U 1.8 mm 2.2 mm 

.118 

.116 

.114 

.112 0 u 
0 .110 
c 
0 

.100 u 

.106 ro E ..... ------

.1M 

.100 
9 10 

I ____ _. 

11 

/ 

I 
/ 

I 

/ 
/ .0 

/ 
/ 

/ 
/ / 0 / . 

12 

_......_ 01.8 
Q .. 02.0 

02.2 

13 

Firing rate (kW) 

14 

... F- p ' " ' ,dq .fl1'r4\ll 4.9 u":i1J1tu mass fraction "tleJ.:lbLnafl1":i'UeJ'U1JeJ'Ue>n b'llfl (CO) \111J"tl'U1fl":i\111.:ive>n 
'IJ 

(DP) 

1920 

1910 

1900 

g 1890 

::l .... 
1880 (!! 

Q) c. 
E 1870 Q) 
f-

1860 

1850 ./ 

1840 
9 

// 

// 

10 

/// 

// 

o·· 

/.,,..,.. 

11 

.,...,.. 
/ .,..,... 

.,...,.. 

12 

Firing rate (kW) 

.o 

o·" 
_A --

_......_ 01.8 
.. Q .. 02.0 

02.2 

13 14 

4.10 (DP) 



4.3 (DP) 

., 
b'l.11;111-ri (Dp) 

(mm) 

Dl.8 

D2.0 

D2.2 

eiruvt.nij . ., 
btJ1;111vJ 

(K) 

1852.44 

1854.33 

1849.51 

52 



4.4 Contour (Dp) 

"tl'U'lfl'!i'Vl'l.:lvvn"tlei.:i 
'II 

(DP) 

(mm) 

01.8 

02.0 

02.2 

'1 CU\11.fJ iJ 

(K) 

1852.44 

1854.33 

1849.51 

53 

4.4 "tl'U1fl KB-S 
• 'II 

'Vl.:ilPiiJvi'11tl (CB) (SB) • • 
b tl'111 'VJ (DP) 

"ll'U1(jl KB-5 1'U1tl 
' 'U 

tl <CB) bb 'U'Um1-;ij1'1e:i-:i&J1tl1::: EJmil-iil 'U 
'I 'U , 'U 

"IJ'U1(jl KB-5 
' 'U ' 

(/J) bvi1ti'U 55° <a) bvi1n'U o
0 

(SB) < f3) 

bvl1tl'U 55° (a) bvl1tl'U 15° 4.11 4.13 (a) 
' ' 

-:i 1 EJ [3] '!'Utl 1-:if! 1vi 1-:i e:ie:i n"lle:i-:i b 'VJ nlJ b 'VJ 
.. 'U 'I 'U 
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4.5 'tl'Ll1fl KB-5 • 

tJ -a:a.n'Vl'tl el .:i b \911 'tl'L11fl'a'Vl1.:leleln'tlel.:lb l 'W 4 d 
'ti 'l.11 fl'Vi'LI 'Vl'a'Vl1.:I el el n 

'II 'II 

(a) (mm) QI 2 
'tlel.:l'Vi1b\911 (mm ) 

CB (SB0°) 

SB15° 
2.0 242.28 

4.11 bL tJ <CB) (A) • 

GJ 
4.12 (SB) (B) • • 
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4.13 (/J) b'Vi1nu 

i'lJl.b 'U'Uf11i:il'1"1eJ-.'.lf11il.m l.l.'U'Uvi'11 LJ (CB) l.-.'.ltJ6/JeJ-.'.li 
'U q 'I 'U 

'Vl1-.'.leJeJf16/JeJ-.'.ll.'lJ"111'V'l (/J) 1.vi1n'U 55° (a) 1.vi1n'U (SB) 

(/J) l.vl1fl'U 55° (a) l.vl1fl'U 15° 

mass fraction (02), (C02), 

rl11'UeJ'W:l.JeJ'WeJf1161lvl' (CO) mass fraction 6/JeJ-.'.l 
'I 'U '\J 'I 

e:ie:in681.1ii'W (02) 4.14 'V'j'\Jl1 

mass fraction 6/Je:i-.:i (02) iJ l.b'Wl 1 
'lJ 

(LPG) mass fraction 6/JeJ<rne:in681.1ii'W (02), (SB) 

1.1. 'U'Uvi'11 LJ (CB) 1. (Swirl) 
'U 'I ci 'I 

(SB) (Secondary air) 

f11il.e-J11 mass fraction 161lv1 ( C02) 
., .. 

4.15 

.2084 

. 2082 

"' 0 ..... .2080 0 
c: 
0 
tl 

.2078 re 
.)::: 

"' "' re 
'" E .2076 

.2074 

.2072 
9 

o ... · ..... ·"' .. o . 

0 

10 11 12 

Firing rate (kW) 

0 

13 14 

4.14 n1'n tffo'Ub ViEJutA111ru mass fraction "lleHbLnaeieinilib'1'U ( 0 2) 

a1V1i'Ui1b\Pl1bbfliil'Vl.:ilPi11l tl (CB) (SB) • • 



(SS) n.e.n.it111.n.n.m:1;m (SJ) 
(ZOJ) uo1peJ:J. ssew Sl"17 

6 
980" 

990· 

3 Ill 
060" 

Ill 
Ill 

..... o 
Ill ,••' n ..... 

0 1:60" 5· 
:I 
0 ...., 
() 

1760" 0 
"' ....... 
"° .._, 

960" 
0 

860" 

(9dl) (8)) r1>ttk\>n,n.ii fl I I I 

b 

(OJ) uo1pe.i1 ssew 1 
" ' b b 

(9dl) (8S) 
' " 
(OJ) uo1pe.i1 ssew mLrt&,ri. (.ieq o·z 
917·n (.ieq s·1 917·z1 '(.ieq 0·1 90·11 '(.ieq s·o 917·6 n,,VL\11,1 (9dl) 

(0)) 
" ' ' 

IJ1J1it:-@ri. uoipe.i1 ssew 91"17 (ZOJ) 

uo1pe.i1 ssew (zOJ) uoipe.i1 fl fl I I 

ssew (zO) uo1pe.i1 ssew 
" ' ' 

1 (8)) ri.t 

(8S) uo1pe.i1 ssew 

(9dl) (ZO)) uo1pe.Jj 
" " ' 

ssew l'ULM:&,r1> (.Jeq o·z 817"£1 (.ieq s·1 917·z1 '(.ieq 0·1 

9o·n '(.ieq s·o 817"6 11,,VL\tl,1 (9dl) 
' " ' 

9S 



on ........ 
0 u -0 
c:: 
0 
+-' u 
ro ..... -"' "' IO 

E 
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.11 

.10 r 0.. 

.09 

· ... 
.. .. 0. .. 

·····O·· .................. Q 

.og ...... -.-.................... -.. ...... ...._ ................................................. .._ ............... . 
9 10 11 12 13 14 

Firing rate (kW) 

4.16 m':ibmarnViaum111ru mass fraction (CO) 

b tl (CB) bbf;l::bb\J\J\1111'U1'U (SB) • • 
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blPl1 (SB) ru mass fraction 
' ' 

"lle:i-:i <co) b1P11 t t1fl-r1 'U'Uvi'11 LJ < cB) b e:i-:i:v1f1 
' 

(SB) (Secondary Air) 

b-rr1 t:.1'1lJn'U fl1';ibm 1 Vi:W' b Vim b LJm 1 vJ 
'lJ 'I 'U 'lJ 'I 

4.16, 4.17 4.17 b LJ"1 
'I 'lJ 'lJ , 

1 'V'J (Flame Temperature) bb€l"i'l 

(LPG) bvl1tl'U 9.48 0.5 bar), 11.06 1.0 bar), 12.48 1.5 bar) 13.48 

kW 2.0 bar) 'Vi'U11 e:iruV1nil'1-:i'1vi"1Je:i-:ib'tJ"11 'U'U 
'I 'lJ 'lJ 'I 'I 

V1lJt11t1 (SB) ljfi1e:iruV1ni'.1"1Je:i-:i b'Lim 1 f111 bm bbn'1V1-:i bb 'U'Uvi'11 LJ <CB) 4.6 bb" 
'I 'I 'U 'U 'I 

4.7 



1940 

1920 ........ 0 .................... 0 

1900 

2 t: o··· 
1880 

J ....,. 
4.1 

1f60 a. 
E 
4.1 
I-

1840 

1820 

1000 
9 10 11 12 13 14 

rate (kVV) 

n1cwvi 4.17 (Flame Temperature) 
• 'U 'U • 

lPl1'a1.:ivi 4. 6 tli:t11 'Vl""tlei.:i'atl bL uum'a'11i:tei.:i 
• 'U'U'll .... . "' . 

Lvi1nu 9.48 kW <Vi o.s bar) 

ini;ru:::"tlei.:iblPl1 

CB (SB0°) 

SB15° 

el tlcl\11.fl ij 
• 'U 

btli:t11vJ 

(K) 

1854.33 

1887.17 
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4. 7 Contour b 
'I .... 'I . " . 

VifillPl,-1m,-ueim;'leibcwii.:i bvhnu 9.48 kW <Vi o.s bar) 

CB (580°) 

5815° 

.O-····················O .. -
40 ... 

# 
38 F- .o··· 

>. .., 
c: 36 _gi .., 

;;::: 
34 f Qi o·· 

iii 
§ 32 
Qi 

.r=. 30 I-

28 i:. I : ;:,.1 
2€ 

9 10 11 12 13 

Firing rate {kW) 

14 

eJ tl.l'VI .fl ii . " 

(K) 

1854.33 

1887.17 

4.18 (Thermal efficiency) 

59 
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'UeJfl'OJ1 bb DDvf1 hJ (CB) • 
(SB) (Water Boiling Test) 

4.18 ( 1J) "ll'U1V1 KB-5 

DIN EN203-2 [15] (LPG) 
"" 

bvl1tl\J 9.48 0.5 bar), 11.06 1.0 bar), 12.48 1.5 bar) 13.48 

2.0 bar) mlJ'11vi'D 'V'l\Jl1 DDVlll'Ul'Ll (SB) b vi1nD • • 
33.67, 37 .95, 41.38, 42.2 

(CB) 29.79, 34.5, 35.6 36.18 • 
bm bb\JDVlll'Ul'U (SB) '1-:J fll1 bb Di.Jvi'11 ti 

, 'I \I 'I 

(CB) 

'OJ1mtl bb b'1eJ'Ll 
'IJ • 

bbi.Ji.Jvf11tl (CB) (SB) 'V'l\Jl1 (SB) • • • 
(/J) bvi1nD 55° (a) bvi1ffD 

b (CB) • 

4.5 (a) l'Vl1.:ieiein'tlei.:ib 

b\;11 bbfli:IVi.:i\9iiJ i. 'tl'Ll'lfl KB-5 • 
4.4 (a) 

"ll'Ll1V1 KB-5 (a) bvi1ni.J 10°, 15°, 20° 30° 

b-:JfJ (/J) bvl1tl\J 55° b tli;i11 yJ b vl1tl\J 
.., .. 

2.0 mm 4.8 

4.8 . " 

"" 'tl'Ll'lfl':i'Vl'l.:lvein"Uei.:ib 11 'VJ 'tl'Ll'lfl'tlel.:liJiJ belEJ .:! • " " 
(a) (mm) (mm l 

SB10° 

SB15° 

SB20° 
2.0 242.28 

SB30° 
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1viCJ t:.ia\?lnru'1"1JeJ-:i bbn611B nm1Lm1 Vlii'"1JB-:im1'11'1 eJ-:i Lm 1 'UF11'1 L1B'U 
' 

"IJ'U1V1 KB-5 (OP) bvl1tl'U 2.0 mm 

mass fraction fleJ 4.19 i"-l'Ul1 mass fraction "lleJ'lbbfl61 

< 0 2) iJLL 'U11i.fa.1 oSmi"-la-:i <LPG) 

LBCJ-:iv1'tm'Um1Pin'l!l1 (a) 15° mass fraction "lleJ'lbbtl61 

(02) 30°, 20° bb'1::: 10° 4.20 ., ' 
mass fraction "1JeJ'lbbtl61Fl11'UeJ'U1V1eJBfl161lvi' (C02) 

i"-l'U11 mass fraction "lleJ'lbbtl61 
' 

m1'UeJ'U1V1eJeJn161lvi' (C02) (a) bvl1tl'U 10°, 15°, 20° bb'1::: 30° iJ 

LL'U11 <LPG) Lb'1:::611in1tivi11'U ., ' 
LBCJ'l (a) bvl1tl'U 10° mass fraction "lleJ'lbbtl61Fl11'UeJ'U1vieJeJfl161lvi' (C02) ., 
"IJ'U1VllJlJbBCJ'l (a) bvl1tl'U 15°, 20°bb'1::: 30° 

' ' 
CJ'lueJ CJ t:.i'11 m1LV1tiCJTW 1"1J eJ-:imm l"lin t:.161lJn'Um1Lm1 eJ CJ 

.2086 

.2084 ........ .. 
0 ._ 
0 .2080 c 
0 

13 .21178 ID 

"' .21176 "' ID 
E 

.21174 

.21172 

.21170 
9 10 

.0 

...... o· 
.o······ _.,... . ./:!. 

__..·"" 
.. _,,./' ,,,,,,. ,,,,,,,, 

!X310 
........ 0 ........ $15 
--....--- $20 
-··-A·-·· SB30 

11 12 13 

Rring rate (kW) 

14 

4.19 tl'ii.nru mass fraction "tleJ.:lbLnaeieiniijL;i'U (02) 

':iULLuum':i;l'11;rn.:1 
'II 



62 

mass fraction "lleN bbnG1fl11t1t1'Ul.lt1'Ut1fl (co) 

(a) b'Yi1nt1 10°, 15°,20° 30° 

(DP) bvl1tltJ 2.0 mm 4.21 mass fraction "IJ€1-!lbbnG1 

fl11t1t1'Ul.lt1'U tlfl (CO) i1 bb 'U1 b Ul.l'1V1'1.:iml.l5 eJ'Ub b lil1fl'Vl"'flm 

tltlflbb tJtJ'Vll.l'Ul'U (SB) mass fraction "lltl-!l bbnG1fl11t1t1'Ul.lt1'Ut1fl (CO) 
' 

' 'U 'U 

l.ll.JbBtJ-!l 15 mass fraction 
' ' 

.098 

:B> 
"" 0 .ose 

/ .o 
/ u 

'O 
c 

_Q .094 ...., 
1,,1 

.... 
"' .092 
"' IO 
E 

.090 

/ 
// .. P·· ,,.,.. . .8 

//<;·;•>·"'--
... ·· .. /" 

_,,_..., ... ··.:&··/ 
········O-······· SB15 
--......--- SB:<!l 

SB10 

-··-..l>·-·· saao 

.088 
9 10 11 12 13 14 

rate (kW) 

4.20 tfi3.11ru mass fraction (C02) 

':iU bL 
'U 

'U €1fllil1flti °IJ'111 (LPG) 
'I 'll '\J 'I 

(LPG) b'Yi1nt1 9.48 kW 0.5 bar) l1t1ru'VlflilG1.:iG1vi"1Jt1-!l 'I 'U 'U , 

(a) b'Yi1nt1 10°, 15°,20° 30° l11°i1b'Yi1nt1 1874.09 K, 1887.17 K, 
' 

1885.06 K 1854.17 K 4.22 4.9, 4.10 4.11 



.-.. 
ail ....... 
0 u 
'+-0 
c 

..Q 
t m 

"' "' m 
E 
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.16 
b,.... .. _ 

-··-··-··!::. 

14 

12 

10 

...,. __ 
......... __ ........ _ 

o.. . . ...__ 8810 
08 I- I ... O· . 8815 

---T--- SB20 
--6--·· SB30 

____J --I I I I I I I I I I I I I I I I I I I 

10 11 12 13 14 

rate (kW) 

4.21 m3J1ru mass fraction (CO) 

'II 

1940 

....:.'-'' 0 

_ .. _ .......... -- -- . ,' ....- ./. .u· 

/ 
./ 

1920 
........ 
...... 

CV ...... 
::J 1900 +-' 

CV 
Q. 
E 1880 CV 
I-

./ 
/ 8810 

1860 I- / J ..... Q .. 8815 
.if --.........--- 8820 

-I'> _ .. 8830 

1840 t I I I I I I I I I I I I I I I I I I I I I I I 

9 10 11 12 13 14 

Firing rate (kW) 

4.22 (Flame Temperature) . " " . 
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4.9 . .. ... . 
' " ' (LPG) L'Vhnu 9.48 kW (Vi 0.5 bar) 

d.ci1 -=ii I Q,,I 0 0 0 0 II II 
(a) L'V11n\J 10 ,15 ,20 30 (fl1'U"tl1.:1) 

LfilEJ .:! • 
vW'Vlllii . .. 

LtJa11vJ (K) 

10° 1874.09 

15° 1887.17 

20° 1885.06 

30° 1854.17 
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(LPG) b'Vhnu 9.48 kW (0.5 bar) 
_d .::I 1 Cl.I 0 0 0 0 II II 

(a) b'Vl1n'U 10 ,15 ,20 30 • 

vt\J'Yl.fli'.i . " 
btlii!1bcrJ(K) 

10° 1874.09 

15° 1887.17 

20° 1885.06 

30° 1854.17 
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\Pl1':i1.:ivi 4.11 
'I 'lJ "lJ 'I . "' 

(LPG) bvi1nu 9.48 kW (0.5 bar) 
d .ct I g,.I 0 0 0 0 II 

(a) b\111n'U 10 ,15 , 20 30 • 

bfila.:i • 
eiru'Vl.nii . .. 

btlii11b'W (K) 

100 1874.09 

15° 1887.17 

20° 1885.06 

30° 1854.17 

0 Q.I .::ii 0 Q.J Q.J QI 21' .d..c:t .:::ii l Q.J 

(a) '11'Vi1\J'Vi1 L\Jl1 LLf1'1'll!..:'l\JliJ'VliJ'!J'W1VllJilbe.Jtl..:J (a) b 'Vl1f1\J 
0 0 0 0 ... ' v 0 ... ti 1··1 ) 10 , 15 , 20 30 (p) b'Vl1fl\J 55 '11 (DP 

Lvl1tl\J 2.0 mm (a) Lvi1ni.J 15° 
.. 'I CIJ CIJ 'I 

Ltie.i..:i:u1nr11t1'1mru mass fraction (02) 

1 nt!'Wr11t1'1ii1ru mass fraction 'lJe.J..:J 
" 
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(CO) (a) 10°, 20° 30° 

(Secondary Air) boU1:!.J1t:-16'1:!.Jn'\Jtl11bm1 1-X 

LJ1mru mass fraction (CO) 

(a) bvi1n'IJ 15° b'Lim 1 'W 

'1fl 

4.6 n1'U mau b n°'*ru:m1':iUJ1 b \llaj'"Ue:J.:i':itlbb \JU bm v • 
d.::t I Q,I Q Q I Cl.I Q 

( fJ) bV11nu 26 (a) b'Vl1nu 15 

b 4.5 bbtl6'1°vMlii':!.J b 'W 
' 

V ,di .d_q I V Q .c::il I V Q 

fl11b1€l'W KB-5 ( fJ) b'Vl1fl'\J 55 (a) b'V11tl'\J 10 , 

15°, 20° 30° Yl'l.Jl1 (P) bvl1n'IJ 55° 

bBtJ.:i (a) bvi1n'IJ 15° 6'11m bt:-111 Vii! 
'I 'I 'lJ 'lJ 'I 

"UB.:J b'Lim 1 1 b b Vlif 
0 QJ 0 V .cii.c::il I Q.J Q .::ii I Q.J Q CP) b'Vl1n'IJ 26 (a) b'Vl1n'IJ 15 [3J 
.., .. 

4.12 

\Pl1':i1.:lvi 4.12 KB-5 v • 
.cle1u I Q.I Q .::I I Q,I 0 

( fJ) bV11nu 26 (a) b'Vl1nu 15 

o 11.1 O II 

(DP) 
d 

'W'Ll'Vl'V11.:I e:ie:in':i111 
'11'U 1'Ll':i'Vl1.:ie:ie:in"U e:i.:1\111 b\Pl1 bbnS'Vl.:l\Pl11 v • 

tl':i::U'l 'Vl'l11 b\Pl1 • 
(/J) (a) 

b\911 bbtl6'1Wllii':!.J b 55 ° 15 ° 242.28 
' 

KB-5 26 ° 15 ° 247.400 
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4.23 l 'U'U\1111'Ll1'LI (Swirl Burner) KB-5 • • 
ie=i.:::1 I QI Q .c:lil I Q,/ 0 

( f3) b'Vl1n'U 26 (a) b'Vl1n'U 15 

4.24 l 'U'U\1111'Ll1'LI (Swirl Burner) KB-5 • • 
d.:t I QI 0 Cl I QI 0 II II 

(/J) b'Vl1nu 26 (a) b'Vl1n'U 15 

'<il1 m·rnn 1,.rn (/3) 1, vi1n'U 55° 

(a) bvl1tl'U 15° KB-5 (/J) 
I V Q ..::ii I Q.J Q .c:il I I V 

b'Vl1fl'U 26 (a) b'Vl1fl'U 15 lJl°l1b'Vl1fl'U 0.207356 g, 0.207618 g, 0.207788 
.c:il , v 0 q Iv O..::t I 

g, 0.208037 g (/3) b'Vl1fl'U 55 (a) b'Vl1fl'U 15 lJ\011 

1,vi1n'U 0207443 g, 0208273 g, 0.20839 g, g 

(LPG) bvl1tl'U 9.48 kW 0.5 bar), 11.06 kW 1.0 bar), 12.48 kW 1.5 

bar) 13.48 kW 2.0 bar) 4.25 i"l'Ul1 tl1mru mass fraction 'UeJ.:J 

1,1,n'1e:ie:ifl68 L'<il'W ( 0 2) l1fi1 (LPG) 



.2090 

200J 
. 

.o 

............... o-·. .. {)··········· 

"' 0 .2080 'O 
c 
0 -!fl .::: .2075 
"' "' .., 
E 

.2070 I _...__ ln:::linator- 26° 

.... {) .... 11"1Clinati'.l0 55° 

. 2065 t I I I I I I I I I I I I I I I I I I I I I I 
9 10 11 12 13 14 

Firing rate (kW) 

4.25 tfi111ru mass fraction "tleNlbbfli;teJeJn6lib'1'U (02) 

KB-5 ({J) bvi1ntl 26° • • 
c p > bvi1nt1 55° 
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4.26 mass fraction (C02) 

(/3) 1.'Vi1tl'i.J 26° (a) 1.vi1tl'i.J 15° 

'Wi.Jl1 i.J1mru mass fraction (C02) 

(LPG) mass fraction "!JB-:i1.1.fi'1 

(C02) KB-5 (/J) 

1.'Vi1ni.J 55° (a) 1.vi1ni.J 15° mass fraction UB8f1l1 

1.i.Jfl11 'V'JV1:JJ'W1'W:JJ1 f1f111off miai 
' 

:l.J1e.!Gi:l.Jtli.Jb BBf116lll'i° ( C02) 8 

BB B8fl-:i Hl11i.J1:JJ 1 ru mass fraction "!JB-:i bbtlGi 

fl11i.JB'W (C02) 'VllJ"!JB-:i bbtl'1'!1-:i b 'Wfl-r1 

KB-5 (/3) 1.'Vi1tl'i.J 26° (a) 1.'Vi1ni.J 15° 

mass fraction KB-5 (/3) 1.'Vi1ni.J 55° 
.c:il I Q.I 0 (a) b'Vl1f1i.J 15 
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.10 
I .... o 

.... <:>··········· 
.... ·· ,, .. 

....... Q······· 

O·"" 

o"' u .08 
0 
c 

_Q 
1j 

.07 ..... 
"' "' og 

E 
.061- / I ___._ 2tP 

.... o.... 1ndinaticn sSJ 

.05 F I I I I I I I • • I I I I I I I I I I I I I I 
9 10 11 12 13 14 

rate (kW) 

111-wvf 4.26 miJ1ru mass fraction (C02) 

KB-5 ( f3) whnu 26° 

c f3) b'Vi1nu 55° 

4.27 mass fraction (CO) 

(/3) bvJ1fl'lJ 26° (a) bvl1fl'lJ 15° 

Y-J'lJl1 mass fraction (CO) 

(LPG) mass fraction 6/Jtl-!l 

(CO) KB-5 (/3) 
' ' 

bvl1tl'lJ 55° (a) bvl1fl'lJ 15° Y-J'lJl1 mass fraction zj'llil1f1 

mass fraction 
' 

<co) L V1lJ' 

mass fraction (CO) 
'IJ 

bt:.J11 'VllJ6ll€l-!l bb L 'Uri'!1 KB-5 
' ' 

b'ltJ (/J) bvl1fl'lJ 26° (a) bvl1fl'lJ 15° 

(CO) KB-5 (/J) bvJ1fl'lJ 55° 

bBtJ-:i (a) Lvi1il'lJ 15° 



.094 

0. . 

... ···o .. 
. 092 .... 

.!!J 
0 u 

···0 .................... 0 

0 
c .090 0 :;:; 
v 
l'! ..... 
::; 
'Ill 
E 

.088 
--e- zff 
.... o .... 

.086 ........... _.._.. ................................ ..a.....a... ...................................... _.. ................... ..... 
9 10 11 12 13 14 

Firi I"! rate (kV(.l 

.fl1'Vfvi 4.27 m1J1tl.I mass fraction (CO) 

KB-5 c p) bvi1nu 26° • • 
f3) b'Vhnu 55° 

71 

'U vJ (Flame Temperature) 

nm1 bt:-.J11 'Vlir6lle:i-:ibb L 'Wfl1'1 b1B'W "ll'W 1 vi KB-5 vil.Jm-:it1 
' ' 

(/3) bvl1fl'U 26° (a) bvl1fl'U 15° (Flame 

Temperature) bvl1tl'U 1889 K, 1913 K, 1915.7 K, 1925 K 

(LPG) bvl1fl'U 9.48 kW (0.5 bar), 11.06 kW (1.0 bar), 12.48 kW (1.5 bar) 

13.48 kW (2.0 bar) (Flame , cu '\J 'I 

Temperature) "ll'W1V1 KB-
.c::il.c::i I Q.I Q .ct I Q.J 0 I oCiil I .::::i,_ 

5 (/3) b'Vl1f1'U 55 (a) b'Vl1f1'U 15 

"lle:J-!l bD'111 vJ (Flame Temperature) 4.28 m1vJf.ln 1 'W 

4.12 4.13 L 'Wfl11b1B'W "ll'U1vi KB-5 (/3) 

bvi1il'U 26 ° (a) bvl1il'U 15°1 

1 
' " 
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.................. ....,.....""r""...-..--......-ir--r-r-r-.--r-...,......-r-T"'"""r-r-1--Y-rl 

0 
1920 

g 
Q) 1910 P· 
:, ..... 
Q) 
Q_ 

E 1900 
Q) 
I-

1890 
- lndlnatlon 26° 0 
· · · ·O· · lndlnatlon 55° 

1880 I I I I I I I I I I I I I I I I I I I I I I I I I I 

9 10 11 12 13 14 

Rring rate (kW) 

4.28 (Flame Temperature) 
• .., " 'I 

KB-5 c f3 > bvi1nu 26° 

c /3 > bvi1nu 55° 



• 

:; 

4.13 w (Flame Temperature) 

'Llfli'1bjv'LI "U'Ll1fl KB-5 v'LI • 
(LPG) b'Vhnu 9.48 kW 0.5 bar) 

' 
6V'Ll1V1 KB-5 

( /3) 
I QJ Q 

i, 'Vl1f1'U 26 
,c:t I V Q 

i,tJEN (a) l,'Vl1f1'U 15 

b 'W 
' 

6V'W1V1 KB-5 

( /3) 
I QJ 0 

l,'V11f1'U 55 
' 

.Q I Q.J Q 

i,€JEJ-!l (a) i,'V11f1'U 15 

(K) 

1889 

1887.17 

73 



5.1 • 

.cl 
\J'Vl'VI 5 

fl':i\.lt-Ja LL • 

bt:n 1 'UL\•11bbfl b 'l.!l°l-r1 b1e:J'l.! bfl'Vl KB-5 
' 

(CFD) k-s "llU\il RNG rl1'l.!1UJ 
'lJ 

species transport bb'U'U bfl\il'Lii) VilJ 

bb 'U'U :il1fle:J-:i 'Ub Vi EJ'U fl'U t:Jflfl1 ".i'Vl \ilfl e:i-:i b <ff m (On) b vi 1 tl'U 0. 9 
'lJ 

mm (LPG) b°Vl1n'U 9.48 kW 0.5 bar) "fl'Ul1 ri1m1iil°lfl1\i1 
d o v 1vV ovd.c::11 

7.68, 12.73 15.78 \Jl1iJ\;'11\il'U 6/l-:iiJ 

1 m 'l.!m".iv\'1'!.!1 bb 61 vlilB'Vl5Yl" 
,, I ' 

fl1';ibt:J11 b\Jl1 b 'Ul°lf1 
' 

5.1.1 (LPG) bvl1n'U 9.48 0.5 bar), 11.06 kW 

1.0 bar), 12.48 kW <vl 1.5 bar) bbfl:: 13.48 kW (vl 2.0 bar) "fl'Ul1 

bb'U'Ummru mass fraction b-tl'l.! 
'lJ 

( 0 2), 11ile:J€lfl 161llil ( C02) bbfl:: 161llil (CO) ljbb 'l.11 L i!ii b \Jl1iJeJ\Jl':i1 

fl1TUe:J'Ub<ff (LPG) b 'l.!l°lf1b1€l'l.!bb'U'U-k11 'Li (CB) 'l.! 
' 

n-:i-tl1-:i 1'U1"1f 1 b1e:i'l.! b °Vl1 n'U 
' cit 4 

9.48 kW ('Vl 0.5 bar) ti-:i 11.06 kW ('Vl 1.0 bar) 

5.1.2 (DP) b°Vl1n'U 1.8, 2.0 bbfl:: 2.2 

b 'l.!l°lf1b1e:i'Ubb'U'U-k11 'Li (CB) "fl'Ul1 
' 

VilJ"IJe:J-:i 1\i1".i'Vl1-:ie:Je:Jfl b vl1tl'U 2.0 mm .ne:iruVifllJfl1';jbt:J11 Viii 
'lJ ' 'lJ 

"lle:J-:ib'Lim 1 (LPG) mass 
'lJ ' ' 

fraction 61Je:J-:il"l1{'Ue:J'UiJ€l'U€lfl 161lt'i (co) m 
' 'lJ 

b 'Lifl11 'V'J bvl1tl'U 2. 0 mm 
'lJ 

5.1.3 b\Jl1 b 'l.!l°l-r1 b1e:i'U b 'l.!".i'Li bb'U'Uvi'11 'Li (CB) bbfl:: bb 'U'U':i'Li bb 'U'UViiJ'l.11'1.! 
'I 'lJ 'lJ 'I 

(Swirl Angle) "fl'Ul1 flfl1':i bt:.111 VilJ"lle:J-:i bb b\Jl1 b 'l.! 

l"lf 1 b1e:J'l.!U 'U'UVil;J'l.11'1.! (Swirl Angle) b 'Lifl11 'V'J (/3) b°Vl1n'U 55° 
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(a) bvl1flD 15° mass fraction 

f11';jbe.J11 iJfl-r1b1e:iiJ1 iJ';i'\.J LJ <cs) 
" 'll " 'll 

(/3) bvi1nD 55° (a) bvi1nD o
0 

bvl1flD 1887.17 K, 1910.34 K, 1911.07 K 1921.98 K .., ' 
6'11:1.J1 iJfl11 b v\1nD 3.91 %, 

' 
3.45%, 5.78% 6.02% 

5.1.4 (a) 
I Q.I 0 Q 0 Q 0 V .::id. I Q.I Q .d.c::::ii 1 V 

bV11f1D 10 , 15 , 20 30 (/3) bV11f1D 55 

m':ibm 1 viii'G11vi-rD bm bb DD 
' 

iJfl-r1 (a) bvl1flD 15° b ru 

mass fraction 
' 

5 .1.5 5.14 bVJt1DnD b\Pl1 bbnG'I 
' 

(a) bvl1flD 15° (/3) bvl1flD 

[3] '\.J1mru mass fraction viii'G11vi-rrn\Pl1 

(a) bvl1flD 15° (/3) bvl1flD 

26 ° iJfl-r1b1e:iiJ (a) 

bvi1nD 15° (/3) bvi1nD 55° 1-w 

(Flame Temperature) bvl1flD 1889 K, 1913 K, 1915.7 K 

1925 K 

be.J11 bm 1 iJfl11 bflvi bb ' .., 
KB-5 (CFO) 

fl'1 f11 iJ €J f11 f11 ';j be.J11 €J 

nm1 

mm':in b b\Pl1 1 
' ' 
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5.2 ctlelbi;l'Uelbb'U:: 

s2.1 (CFO) 

1::: 8::: b 1m bb 'Vl'W fl b tl'W e:i 

5 .2.2 bb 'U'U h.fl. bb bbri m 1't.l-r'U b 8'W 

("ll'W1V1"lltl.:J'Vlile:i) (Porous) 
' ' 

5 .2.3 tl .:i611'Vlfo fl11lV1 r11 n 1 tubb fi6'11e:i fl 'Vlil 

1vi 8 hJ ri111 .:llJtl 6"fl6"iJ er 6'I tl'Utl tu'Vl fliJ "lltl .:i i'J b tl'U b tl.:llil 111ilri11 ii 
' " 

... 0 "' "lltllil1tlVl 
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"' n.1 (LPG) 

(LPG) whni.J 9.48 kW (ii 0.5 bar) 

Q 1;,ei = VxLHV (1) 

(LHV) bvl1tl\J 113770 kJ/m
3 

3 3 Q fiiel = 0.0000833 (m Is) x 113 770 (kJ/m ) 

= 9.48 kW 

(LPG) Lvi1nD o.s bar 

bvl1tl\J 9.48 kW 

n.2 n1":ifl1'U1tun1":iLLtl!;l.;i\ll\i1atfh11ru mass fraction 

(WBT) ii 

bvl1tl\J 9.48 kW (ii 0.5 bar) mass fraction 
.... "" fl.1 

"11":i1.;i\ii n.1 n1":ibbtli;1.;i\ll\i1m.R111ru mass fraction (9.48 kW (\ii 0.5 bar)) 

t.R111ru LLna1ei 
% b;J.;it.R111"1":i 

1flEJ111!;1 % 1flau":i111"1":i 
x ,hvn1n WL!;!fl!;! 

n1":i\llfl!;!e:J.;j 

17.39x32 
02 17.39 0.191417 

556.48 

2.35x48 
C02 2.35 0.035567 

112.8 

0.0336x28 
CO* 336 0.00032361 

0.9408 

80.226x28 
Nz 80.226 0.772699 

2247.448 

11ll 100.0 2917.66 1.00 

mass fraction (CO) ilvrw1tJ ppm 
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n.2 mass fraction (11.06 kW (\ii 1.0 bar)) 

m111ruLLnalei 

% 
% ., 

X '111V1'11n 111 Lt'lnt'I • 

17.53x32 
02 17.53 0.19224389 

= 560.96 

2.40x48 
C02 2.40 0.03947963 

= 115.2 

0.0343x28 
CO* 343 0.000329134 

= 0.9604 

80.035x28 
N2 80.035 0.76799599 

= 2240.98 

11l.J 100.00 2917.96 1.00 

* mass fraction (CO) ppm 

n.3 mass fraction (12.48 kW (\ii 1.5 bar)) 

m111ruLLnalei 

% 
% 

x '1.J1V1'1!nwLt'lnt'I • 

17.64x32 
02 17.64 0.19322438 

= 564.48 

2.54x48 
C02 2.54 0.04173398 

= 121.92 

0.0400x28 
CO* 400 0.00038338 

= 1.12 

79.78x28 
N2 79.780 0.76465755 

= 2233.84 

'j'Jl.J 100.00 2921.36 1.00 

* mass fraction (CO) ppm 
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n.4 mass fraction (13.48 kW 2.0 bar)) 

m111rubbnatei 
o/o 

% 
x • 

17.67x32 
02 17.67 0.19346163 

= 565.44 

2.61x48 
C02 2.61 0.04286374 

= 125.28 

0.0456x28 
CO* 456 0.00043684 

= 1.2768 

79.67x28 
N2 79.67 0.763240099 

= 2230.76 

100.00 2922.75 1.00 

* mass fraction (CO) l1V1'ti1t1 ppm 
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UO!:PeJ} ssew 

n. ue.ntaMLU 
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"l.1.1 n1":ib mEJ'llbViEJ'llm111W mass fraction "lJfl{in1":ilii1(;leJ{lbb(;l:m1":i'Vlfl(;leHI 

b'Vit1'Ue..J'1"lle:i.:im1'1'16'le:i.:i 't..!1'\.J mass fraction 
'\J 

bfl'Vlbb "ll't..!1111 KB-5 
' '\J 

(LPG) b'Vl1tl'U 9.48 kW 0.5 bar), 11.06 kW 1.0 bar), 12.48 kW 

1.5 bar) 13.48 2.0 bar) "ll.1 "ll.4 

"l.1.1 n1":ibmEJ'llbViEJ'l.lm111ru mass fraction (9.48 kW (vi 0.5 bar)) 

m111ru 
i:rnm":ilii1(;lei.:1 L:J(;ln1":i'Vlf!(;lfl.:I ' ... fl1fl1111 fl(;l1 fl bfll(;l v'IJ 

mass fraction 

(g) 
(g) (g) (%) 

02 0.207343 0.191417 7.68 

C02 0.0315491 0.035567 12.73 

co 0.000388191 0.00032361 15.78 

"l.1.2 n1":ibmEJ'llbViaum111ru mass fraction (11.06 kW Cvi 1.0 bar)) 

m111ru 
L:J(;ln1":ilii1(;lfl{j L:J(;ln1":i'Vlfl(;lfl.:I ' ... fl1fl'J11Jfl(;l1f!bfl(;lfl'IJ 

mass fraction 

(g) 
(g) (g) (%) 

02 0.20791 0.19224389 7.53 

C02 0.0349845 0.03947963 12.84 

co 0.00038910 0.000329134 15.41 

"l.1.3 nT·nmmJbViaum111ru mass fraction (12.48 kW Cvi 1.5 bar)) 

m111ru 0 ' d 
L:J(;ln1":iliJ1(;lfl{j L:J(;ln1":i'Vlfl(;lfl.:I fl1fl'J11Jfl(;l1flbfll(;lfl'IJ 

mass fraction 
(g) (g) (%) 

(g) 

02 0.208017 0.19322438 7.11 

C02 0.047595 0.04173398 12.31 

co 0.000454306 0.00038338 15.61 
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'tl.4 n'l'abtnt1'1.JbVit1'1.Jtfi3J'ltu mass fraction (13.48 kW 2.0 bar)) 

tfi3.11ru 
0 I d 

mass fraction 

(g) 
(g) (g) (%) 

02 0.208006 0.19346163 6.99 

C02 0.0491562 0.04286374 12.80 

co 0.000519217 0.00043684 15.86 
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Simulation of Combustion Characteristics of a LPG-Domestic Cooking Burner 

ai'l1:: tiu1;ii 1J.a::ti.iill'u'1 
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(CFO) . . 
'll1J1fl KB-5 tu1t11.1uum'i\l'!atiu'll1u k-e 'llUfl RNG species 

transport IJ. L \'!if 'Vlfl'1BtJl'l11JJ\h fi!JtJ 
.vhnu 0.9 mm (LPG) •Vhnu 0.5 bar 1'ltJ111'i1 

'lfi111w mass fraction 02. CO; .. a:: co ,,j1nu 7.68%. 12.73% u.a:: 15.78% 
fl1l.Jrl1fiu (LPG) 1vhnu 0.5, 
1.0, 1.5 u.a:: 2.0 bar o.5 1.0 bar 

"( . . " " 
1909.59 K 

m ml'ltlu• €ti> YI C LPG) ii U.1J1 ,;;EJ 1 i• \'Juu. 1J1"rl1 'llli'lltl'l • 
' 

1'111l.Jiauria1i./til 
iYflri1ulflmJ1a 

Abstract 
The objective of this applies Computational Fluid Dynamics (CFO) technique to simulate the 

combustion behavior of a KB-5 domestic gas cooking burner. The RNG k-e turbulence model and species 
transport with combustion reaction model were applied to simulate model. The reliability of the model was 
verified \Vith the experimental results for the gas burner with its nozzle diameter of 0.9 mm and at released 
LPG pressure of 0.5 bar. It was found that the errors of the prediction mass fraction of 02, CO: and CO are 
7.68%, 12.73% and 15.78%, respectively. It can bring the model to predict the combustion characteristics of 
release LPG pressure of 0.5, 1.0. 1.5 and 2.0 bar. It was found that appropriate range in the 0.5 to 1.0 bar. Find 
the appropriate work in the 0.5 to 1.0 bar. Which the release quantity of the exhaust from the combustion with 
low volume, and also affect the flame temperature higher quickly. Moreover. the maximum flame temperature 
of CFO results is 1909.59 K. Therefore; it might be said that this LPG-air combustion model is likely the same 
and It cal"' be further used as a tool to improve the thermal efficiency of the gas burner. 
Keywords: KB-5 Burner, Computational Fluid Dynamics (CFO), Combustion, Mass fraction 

1. tm\11 

(LPG) 
(Propane) u.a::: ih'Vl1J (Butane) 

80 "aa:'lY1v1111Mf -i1:unu 

d'.lu• 11t!11111inu 

• (LPG) 
tut! '1'1.1'1. 2559 a1111'ln 
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· .... ,.:.:.\< 

. tl- J' - -- -(LPG) 
34% 

f.1a f111':ffill1'i.1'1i: 30%. 
24%. 9% 3% 11111Jli1ilu 

•"""fa'™' 
.,,.,.;n,,,...r . ,,,..,,.,,..,,... 
• lnf's-.. , 

n.1YI 1 (LPG) 1uu ti.Pl 2559 .. 
(LPG) . 

... &Clo .... .. • ., ..... 1J1n 1Uf11fl1'1'i1L .. a1ut. 
(LPG) 

.. aditl'ita\'IGJn'l'l1J1nViat1i .. (LPGl iinn . . 
1 

v ... "' tl ... tl.. ' v J: - • n'iCIH'Un1'iL 
na1£J • U'Ufl111J f a"U 1iLuim'll'Ut\1 ri1V1fom'itl'itnau 
a1\'11'i 
ri1V1i'u11111u.naV14gr1J1 \Jt1iaU'i'Hn n," . . 

at1L U\Jn1'i 
.:- . : 

!! ..;.-.,.., • "tv• Ufl'li.'1 a"U 
Ma1nMa1£J'itlL<.uu 1.11=um;f 1 . . . 

Lii1ln"'lri1tJ, V1fl11i; fau 

ii 1fol'11111 fa \JU.at .. 1'1111J f au ffivi' '11n1a .a 1J 1J1 a"U 
. . . 

Pia1J"l th=U'ln;f 21fiii 
•PJ1u.lia"l 

(CB) 1J1Luu«111111u.t'ia 
(SB)f 4Jw.at[5) 

b 1a1m'la1Jtra'O I tla11tJnUf11'11Ut 1Un1'l01 !JLVI 

an·m ,.,, 

111::,nn;f .3 . . . 
b 1ul'li1 tl'itb.11\'IU. 
11111J1J1111'lt1ut:1aPJJi'w,;a111a1Mm'l1J 11an.2312-25491t1i£J1i .. . 

ee ·hun\J uwnl1111ft'11u.un 

t2 
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'l'lu11 

at 50 • r.u11 • 
..... ""' .... .... I .. lo,I 0 ,i;i._n 
a1n1t>: 

.vhriu 15%.: 1% Lrnt 6% 
'il1mlu A f\Jamkhat and s. Jugja1 [7J 

'iL Vlii£J 1tl1 a1n1l'la1uLL 'l n c Primary 
aeration. PA) Self-Aspirating <il1tJ 

Hot test Cold test ri1n1'lPJ'l1'il1vi 
Oxygen sersor PIV 

.. r1u11 
,, uuli1 ih 1n rii. 'ii a ru . . 

... uu Hm test Cold test 22% 
••at ••at th=,nns,,nw 1;i1 n1'1U"ili 

' (CFDJ 
Azeman Mustafa and 

Noor Shawal [8J 
.&' ... .., .., !t! ... 1 .., .- .., . 

(CFD) '1'1U11 t:1a'11nm'l 
U1Jt 

·.,..'l ... atfltllt [91 

autlw.11 vi .. fatJ 1'*ill . . 
(CFD) 1"U3tlL.uun1'l1\'la 

0"Utbu k-epsilons tl'lt.SlVI RNG species 
transpor. u. n1'l LW11 Mli\ii11unut:1an1'l 

t1u11 
a1n1l'la1uu.'ln (PAl Lfi1nu 8.33%, 6.07%. 4.21% 
Prasad Boggavarapu 1 OJ 1i;\';in'l'J1tl'lta\'1Gfl1Vi 

f au ;,1J 1 Utl'it L Vll'IBULfi1J 
2.78 kW (91 LPG) 

.. (LPG) (PNG) 
n1'lVl!i1aauri111J,;1, 

. "lJ tl'it avtG.111 'l'l I f au'Uu l.i. uu-11 <ta LLOa'l 1J 
im1'ltlfo• uitlLL uui11PJ1 • v 

'it\'! L \J "U u-11 a tiU 11 
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p•;j;''\'12'" ··'"-- Ll 
. L'.' .. 

J' ... -· ... .f .k ""' .. (l PG) 2.5% 
!! • - .I' • - "' • ·" •tiU\1 (PNG) 10% 

.. ii ... 
,;i "fllUi ,,, ; 

._;.dim\11 nm'li.m 

ii 11'\! 1 rr'i' t1·rnn1 i.m n ., 'l'l'll'I l'I a11J1 'lm15u1 l 
1'1i1; 

rnass fractior 
•tl<111 Yi 1\'Ji. 

ll'lv 
(CFDl 

n1'l v.irfi'1t V. atl'lti1'115m t11 au 1r 1 

.. 'IJU111' KB-5 . . 
2. 

.. (LPG) mf1:",nl'J111J'b"ri 
Lti'l.tt\l (Propane) 

1PliJ ;;!l (,H,._l'lt\h1'111.l (Butane) ;;ii C.H 1,. 

(LPG) 
m'IUi.l.l'lt\i11V11.l •vhrru 60: 401111vtli111,,,, 

11111; . . . 
+5.60;-+ 34CO;+ 4.4H-0 (1) 

- .k .... ...t .... l . \11na1Jn1rn 1 1 rnole 1lU1Vl<n 1JLftf!l'l"la!J 
1l'hnu o.0496 kg . .vhrru 0.818 kg. 

. ... ' • • ,k - .., ...... 'l'tU1i'!J 111n1P1"' m 'b !JL 'l't L V1l'l1 
.. WFloto• •Vhrru 15.48 \lll!J1J1l'I 

3. n1'41flll4 

3.1 
1 uP1'i11it1u 

1;;1.1.ri v151'1u.iia (Nozzle) (Mixing Tube) .. a::v1 
1r.1 (Burner Head) 

3 
KB-5 0.9 mrn t71.1;I 

0.64 283.53 
mm' 22 mm n .. 

23 "nt :65 mrn 
v11m;i1'1i, tlu._ (Conventional 

Burner, CB) 2 . 

80 lllC\lt'i'f1V11'11.,l'lf foul\, 

12 

12th Conf"'""c" v" N..twork of Th.iiland 

nJ;I 2 'IJ1.11,, KB-5 .. . 
V'l Llll 1 .. 1J 1uPli1'1 !JUL> uu 

um'l;. a!lni11J1 l'hrru . 
242.28 rnrn· 
tt!li 
9ii. (y{a) .uai 45 45 cm • 

DIN 203-2 [ 11Jlfl!Jti1V.Ul'ln1'1 
11 ii!1Jfi'l:: . . 

!l (n'l.lviJa) 
,\i:rru 7 crn 3 . 

I 
I ----------·" --- -- - - - ---, 

: i l 
I ' 
I : 
I I 1.l__· ________ .. 

I 
I 
I 
I 
I 
I 
I 

I I I 4J __________ ! 

NUrri..i1WVI 

1'.lil 3 .. . . 
3.2 n11tlfl4t11,f1BS1SJilfi (30-Mesh) 

1l1 (Tetrahedral 
Mesh) 11.11t1 .. uu Skewness .. • • 
;i 4 
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'. """•}12· ·'i ll ·'· 
'•1 ..... 1 

4 (Mesh) v 

Mesh Analysis r.ui1 
'!i1 t'l\J'l'lrn.'111J L VaU1JaV.U"1fiiil'l11ll• V1J1::at fi'\1:: • 

998.976 

element "'":: 186.535 node 
mesti 0.0001327 mm •• . . . 
fi1.vhnu 0.8492 Mm mesh m.ntu 
n1'l;1m•nj'jrh•vhnu 0.23 mm (Mesh) Viii • 

Quality· Mesh 0 . . 
0.25 

3.3 
" '\11n'l'l <inm 'ivi1 .. 

m'ii:lvi••na\'Jl;i'lLau lJ 't\aL 11m h.,a:: 
1ll v.ilu1t11 a1 mi'! 1 

(LPG) .. uu Premixed 
.. Lnli1 n-1 'i 

n:'l1 LUt1n1'll 'l'la .. Vi• 'l'llJ1::a1J nu 
.,. RNG k- c model l'i1t.nw·hlinu 
Species Transport [9] 

3.4 v 

,i au1 '!I'll au L '!IVl 'i \J "uun 1 'l,j -i a a 1;; afiu1 v . 
'!J\J1Vl 

KB-5 .. nwri1L1'\1'i\J CFO 
ni 'l nu'l::'l'li1 L n 'i\Ju. uu LPG-air .. 
mixture \J'i::nauihua1'i\J'i::nau'l'l<in 1n'H'l'l'U. u 
1L 'l'l\J LL'1Zil1n1i'! ri1'1'1f U'i\JU. af'l1:1Jf Cl'ULaCJ n 1 ,j' .. 
Pl-Radiation Lil mvJJ1 ::d1vfon1'i LW1l 
.x ... .... . .... 

• I .K .... ... aan 
(LPG) ... 

f'li'1 11u 1vi KB-5[ 9] nui1 vi"ll'U1f1 'iYl14 aanV.1i:lfl 
(LPG) •vi1nu o. 9 mm .. 

Lvi1nu o.5 bar a1m'in .. 

80 l'lru:>'i'11V11'1111111f 71;,n'U li'KTI'l1Vlii'Vll:.M' 

• LYl1l1l'U11'tl'l\Ji::' Yli'l1 '11V" 
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(Mass flow rate) ••a:: mass fraction 
·,i(u,ri mass fraction h'i.,.1u. 

u1L'l'll..1 .. a::a101v: 1 
' " 'ltam '!J\11Vi'l'l1 uu,j1aa4n-1'l 'l'lirt 

1 '!lam'IJ;iV11H-U1 (inlet) Vif'l111J;,un"'l\Jami 
.vi1nu 0.5 bar 

n1V\JVl'!JBU•'IJ\ll 
Mass flow rate (kgls) 0.001319214 

C3Hs mass fraction 0.059382606 

C4H1c mass fraction 0.039589018 

0: mass fraction 0.20720699 

Static -;-emperature 300 
(K) 

3.5 
" 

v 

(CFD) • .. .... . . . . . • 'l'lil vu Ltln1'l'l'l1 tl1 'l'l\J1'1 
Geometry 

v 

Lvi1nu 1e"0
[ 121 . 

3.6 1301-mt11t1il.:i 

'\11 nu. ·i. 

,;i1 •• DIN EN 
203-2 'llt111il KB-5 viii'i • • v 

Lvi1nu 0.9 mm 
(Water Bcilino) 

:, ' " ' v 
(\J'i::ll1w 90 '\11ntfuvhnwl'fll'i1 

• v 

l'l'lmviu (Exhaust 
Gas Analyzer) 

4. 1t1il .:i Ut1::n 11iLl'l 

" . 
1m1'd1'V!fo,;i1 ... "Uu1fl KB-5 vii1'llu1\il 
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