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Combustion Characteristics of a Multiple Port Nozzle Burner
and Evaluation on Combustion Products

Kazuhiro YAMAMOTO™, Hiromu SUZUKI, Hai SHANG

*'Department of Mechanical Science and Engineering, Nagoya University
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In this study, we investigated combustion characteristics and flame structure of a multiple port nozzle burner. We
measured combustion products of soot and NOX. The multiple port nozzle burner has 4 fuel nozzles and 9 air nozzles, where
one air nozzle is located at the center (inner) of the burner, surrounded by four fuel nozzles and eight air nozzles outside of the
fuel nozzles. Several diffusion flames are formed in the boundary of fuel and air flows. Fuel was methane or propane. A
laser-induced incandescence (LII) technique was used to detect soot regions in the luminous flame zone. For comparison, a
so-called jet diffusion flame in a co-axial burner was also examined. Results show that, as inner or outer air flow velocity is
increased with fixed fuel flow velocity, the flame height becomes smaller. At the critical air flow velocity, the inner and outer
flames are lifted. There are three flame configurations. Namely, attached flames, inner lifted/outer attached flames, and twin
lifted flames. When the flame is lifted, the maximum soot concentration and NOXx emission are decreased. Interestingly, the
soot concentration of the multiple port nozzle burner is much smaller than that of the co-axial burner, although the NOx
emission of both burners is almost the same.
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Fig.3 Photographs of flame in multiple port nozzle burner (CH,, U,=10 cm/s)



—75, BEHZ T e B WESAOKKREERZX 4 18T, ZHICE D EREIR T X DAL, R0
KERIDBER T o7, KR, BB AV 4 S5 5720, 4 DORAx DKRINTXDHGEELE, GRLTRER
KRNI DGER T2, K 4@ —2DKRNPIRL SN D GEE, X 4b)IZ 4 DORx DKRKINTEHEEZD
GHE%, K4NPUIDKKDIHNFEE ER-> TWDEREEZRT. 7 a8 KROEATE, HOZEREHE Ujx=40
cr/s, AMAIZEAH Usa=80 cvs BIZIZERET 5 & X 4(b)D & 9 7o KRR S5 . ZHLSNTIE, Uja=40 cr/s
PUFOSEMETIE FIRICB W TEIR LI KRBT S 1, Uja=50cm/s DL EDSETIINBIDO KK DO IZABPFEE ERD
ZERpnol.

MmI

A m\lﬂlz/ﬁ

i

(a) Uja=20 cm/s, U3,=40 cm/s,  (b) U;4,=40 cnv/s, U3,=80 cm/s, (c) Ujx=50 cm/s, U3,=90 cm/s
Fig.4 Photographs of flame in multiple port nozzle burner (C;Hg, U,r=4 cm/s)
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Fig.5 Flame length; (a) CH,, U;=10 cm/s, (b) C3Hg, U=4 cm/s
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Fig.6 Liftoff height (CH,, U;=10cm/s)
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Fig. 14 Photographs of flames at U;, = U;y=U, =40 ci/s;
left: multiple port nozzle burner, right: co-axial burner
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Fig. 15 Photographs of flames at U1a = U3a=Ua = 60 cm/s;
left: multiple port nozzle burner, right: co-axial burner
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Fig. 16 Variation of flame length with air flow velocity
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Fig. 17 Axial distribution of LII signal; (a) Ux=20 cm/s, (b) U,=40 cr/s, (c) U,=60 cm/s
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Fig. 18 Variation of EINOx with air flow velocity
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