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A Study of the Combustion Flow Characteristics of a Exhaust Gas
Recirculation Burmer with Both Qutlets Opening
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Abstract The nitrogen oxides generated during combustion reactions have a great influence on the generation of acid
rain and fine dust. As an NOx reduction method, exhaust gas recirculation combustion using Coanda nozzles capable
of recirculating a large amount of exhaust gas with a small amount of air has recently been utilized. In this study,
for the burner outlet with dual end opening, the use of a recirculation burner was investigated for the distribution
of the pressure, streamline, temperature, combustion reaction rate and nitrogen oxides using computational fluid
analysis. The gas mixed with the combustion air and the recirculated exhaust gas flow in the tangential direction of
the circular cylinder burner, so that there is a region with low pressure in the vicinity of the fuel nozzle exit. As
a result, a reverse flow is formed in the central portion of the burner near the center of the circular cylinder burner
and the exhaust gas is discharged to the outside region of the circular cylinder burner. The combustion reaction occurs
on the right side of the burner and the temperature and NOx distribution are relatively higher than those on the left
side of the burner. It was found that the average NOx production decreased from an air flow ratio of 1.0 to 1.5.
When the air flow ratio is 1.8, the NOx production increases abruptly. It is considered that the NOx production
reaction increases exponentially with temperature when the air ratio is more than 1.5 and the NOx production reaction
rate increases rapidly on the right-hand side of the burner.
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1. Geometry configuration of exhaust gas recirculation
burner with coanda nozzle

Fig.

Eddy-D1531pat10n
A}%aazﬂ ofell g AT A2 oldef o
= el Ae] A[o]e 7%



Tt e e =2 A A9d A6E, 2018

A
T2
e
i
o &
s % T e
Fig. 2. Generated mesh for CFD analysis at the sections E S gaeo) A o 2% 0w §%o] udke 7
of frontal view o

AE2] 7hH Fatell A& Fig 3004 ek gheglo] vt
B oA AgE Azt uideln dg gge = UL ARRT TV RLOR o] moln s
5.15x107kg/s 2 ALY o] FolA] o2 gy  TEL T Utk Fig. 40] Al WA ™A= w71k
& 8.61x10°kg/solth. A E7|2L o] 2 F7)2e] 1.0 7F Aed Ho] 3ottt k=Fo] e wjHer fdHE
W, 11wl 136, 156, 18ee aseisin) motg A R 5 Arh pAdel s IEs wiel Fig
29 3715 142 05mmo So] s sk, 491 7P ohlS JHS i dF v g Sy
freol WiEEY A3 feo d¥er viEd del=
A wy o] PR R wjEs T Tkl s w7t

WAsk= As BEE 5 At

o
O:
o oﬁ o
o oot
ok

T
LS
= e
52
=
o2

2 O K o > ol
xRy oo
=

= g

oy

X

o
M

>~
>
rlr
bl

Unit: m/s

1] n 0 ] 45 E
a2 5 glrk | u .
Fig. 4. Flow visualization in the burner started at the

T section z=0 and 250mm

= T

1 J Fig. 5°1+& x=0mm wHA &% ¥4 %9 NOx

Uit : Pa B2 Jehhoth =2 X (Fig. S(a)5 23 U5 o
T . - U] 2% Hio 257} B 9% H7 W] 99
S Ao R 2mh v Wtk ol okt =&

Fig. 3. Contour of static pressure at the section x=0mm. OEH K F S R, o] =
pressure range : -20~10 Pa o] A2 Hof glojA AiH Lo k2Tt FYol He

698



F= 277 Eol 7|7k A MU A4 4%

=40l Bt A7

rr

) o] Fo A NOx9

(c)ol A BEE 4= Qlek

i

1525

1810 2000

0.009 0010

() NOx mass fraction

600605 8.10e-05 1 02604 12304

Fig. 5. Contours of temperature, reaction rate and NOx
concentration at the section of x=0mm

1804 165604

Fig. 6. Velocity vector plot at the both outlet sections

699

o] EQ viyelA gFom wj7)7kart wilE

Fig. 6° YEMISAT) Fig. 691
HE S YehRE=E Fig 69 9%
A & S5} exitl 2 HjEEE &5 B}
< = gl &EE Fig. 33} Fig. 4004 35}
o] 7l HgellMs FE 2 B B
% GF7F dolds wEe &
E o wjZo] o

w7 7k27t A
o= wjEH e 3

oo

4
ko

m B

] = oFZ% 11, ]

- o1 E

5]
A

1L

Mooy m
=2

2
Lo b .

R .

oo =
8o 18 o & oo o (F

2 Iy JE o

rir

@
N
o
§:
ot
=
T
=
S
N
[>

o,
M = %8 OH

o2
EL
o

ol
ol
£

iy

T
1o

=

1110}-1
9

ol
2L

p)
=

Bl Ho B g
Moo 2

Hof o
=)
o o
Q‘L
2

i o 4y rlo
A

Table 13} Table 20l
718lel| wE {47 HE Hlastgich F7v)7
o F71Fo]  0.0086kg/s2dl  HI7| 7R
0.0051kg/sZ 5713 Bt} 0.564H(Table 1914
Aol ol FdHETh F7IM7Y 1.1, 1.3, 1.5, 1.88]=
7k u fd@ghle oldl A nlEsA Sk 5
37147} 1.8ufol™ Y HlE 0.918=A F714] 1.0
A wjo] o] nlste] 1.6u] F71eC) Table 29
T 4% E o wEye arvkey fES
Ak T7197F 1.0Y wE exitl 2 HjEEHE o
of7h o AA M YZo 7 HEEE e

a7

-

H]

= el
= e A 2 U
BTl S71H7E 1.1 o] HH exit2 2 HjEH & Hi
freFo] exitl 0.7 wjEHE A Wk 27 §
w3 F7H7E F7heHA exitl % HiEE]
Fa5H H1 exiR® WjEHE 3 5718}
A

o o}
=2 =2
- O
=TT
_
R

ar o+ ©



=788 =R A Al19d A6Z, 2018

Table 1. Entrained flow rate with air flow ratio change

Alr flow 1.0 11 13 15 1.8
ratio
Air flow
rate 0.0086 | 0.0094 | 00112 | 00130 | 0.0154
(kg/s)
Entrained
a 0.0051 | 0.0060 | 00077 | 0.009 | 0.014
oW IAC 050y | (0.64) | (0.69) 0.74) | (091

Table 2. Exhaust flow rates with aur flow rate change

Alr flow 1.0 L1 13 15 18
ratio
e(:isl 0.0046 | 0.0045 | 00043 | 0.0042 | 0.0037
gfs) | @ | 0® |03 |03 | 0
;isz 0.0045 | 0.0055 | 00075 | 0.0093 | 0.0123
(kg/s) | ©D | @) | @61 | 0 | 080
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Fig. 7. NOx mass fraction and temperature at both
outlet sections
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