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Experiment on effect of triple axial swirler on

combustor performance
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Abstract: Experiments were conducted to study four different triple axial swirlers about
the combustion performance including flow drag performance, ignition performance, lean
blowout performance and combustion efficiency performance of a triple axial swirler combus-
tor at different inlet airflow velocities, inlet airflow temperatures and fuel-air ratios with
fixed atmospheric pressure. The test results show that: the total pressure loss coefficient in-
creases with inlet airflow velocity increasing (from 40 m/s to 70 m/s), and inlet airflow
temperature rise is helpful to ignition and lean blowout; by comparing the combustion performance
of the triple axial swirler combustor of “clockwise—counterclockwise——clockwise” rotational
direction combinations with the combustor of “counterclockwise—counterclockwise—clock-
wise” rotational direction combination, the total pressure loss coefficient is a little higher and
the lean blowout performance is better, while the combustion efficiency is a little lower; de-
creasing the inner swirler air flow rate would lead to increase of total pressure loss coeffi-

cient, and decline of lean blowout fuel-air ratio and combustion efficiency.
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Fig. 3 Experimental system of combustor
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Table 1 Schemes of triple axial swirler

T e I 1 o [R] JiE L A% SN L A
E T 1) T A B/ %% T 1) T S B/ %% T 1) ik A Y
1 JIFE i} 23.45 i i T 34.92 T s} &1 41. 63
2 SUARN 23.45 i B T 34.92 JIGE st 41. 63
3 Mt is} £+ 7.0 £ 51.37 B 41. 63
4 SN 7.0 o 51.37 i 41. 63

1.4 RESDWH

e B I S R AR O A R
I L TR A R i ) I AR
e a0 UL RE A 0 A L A Sk S e AR L B
fEAE iR 25, R, X iR E P R G R 2 AT
i 1t.

23 S o 38 A LR A O A a5 L AR
MEITHRE S %N 0.5 H, R EWHEE +
0. 075 % Z 8] 5 8 11 B4 s F 3 3k 7K HE I 7K HE
A RS2 B R Z0 B ROWORS FE A 1 mm s BRI
il G B RRA R SRS YB-
150 ARG B R ) 3 Ry 0. 255 R k1l 1
Tk B2 E P R A 0 L 0 T RE 0 AR O K
RUPR B -RRL AR AR P A UL Y [ o 273 ~1373
K, foifiR 22 8 0. 4% (T—273) (T N fir il 42 1Y
W EE A KO L R B A 30-44¢ 6
T 74 A P i 00 L 00 9 L O 873 ~ 1973 K, fu i
R E0.25% (T—273).

FT T A A A 0 R TR N AR )
it A7 55 JA] [ A 0 A B9 o 7 45 R e A3 £
DAY I K b R 0 3R B AT A 7 AR 2 MR A iR
75 PR S A A8 4 o8 Il RE 1Y) 4 YR T BCE G PR T
AE I e LA R A IR 2 R T 3 AR
R2E AT LA 2% B8 SR 2 I S P £
PRl B 5 0 7R ST JEE 4 5 28 KR

o () - )

Forb T, D 5 A e (A 422 i £ BE TR 3R 1+ e Oy KR A
(4 55 3 b oy R AR R R B 00 AR R R KL
F Ak PR R AR S 0% I Y R A B L A
BN XHATBIE.

2 REEREDH

2.1 mME%HE
RS E A B Rk R G R R A K
nr




690 o = 3

530 %

_ Pls 7 Pu
G b

Forf po s pu 43 5 R BEbe & 0E 114K TE A E AR T
(115 S

B A B AR IR EE O 303 KL K )
0. 1008 MPa i i i 40~70m/s JRA T A A E
PR RBEAT T . /5 4 R BB E A
JEAR BB Co R = HE R VO AR k.

0.06

0.05

0.04 -

0.03

0.02 -

0.01 1 1 1 1 1 1 1
40 45 50 55 60 65 70

Vi(mis)
S SRR R 2R BB 101 3 1Y 2 Ak
Fig. 5 Total pressure loss coefficient varying with

inlet airflow velocity

MIELS sl LU L 4% J7 S48 08 2 1) 5 T 45
IR FBL o BB BE 17138 Y 3G O i 3 L A W) —
PEEE N TR 31 Gt KR 2 1 ot/
T 1 5T75 2 M. HUE A e IR A 1Y E 1] A A=
TR TEA R R TR TR 1R LR
THE2M o BTE 3 5R 4 AFFIZE K
AUHE . by BT DU M 1) 2 45 O I B — 0
B WIS AT AR B8 =AY S B K T 170 41 5 Dby o
Ip Bt 300 I B — WA A AR BE 2 Y G s N SR 1
S5HRITE2EFEAN G LBORE . IER
i A R S R O AR U R
2.2 mAR%FE

S A5 KRR Bl X A S A S BILR o A Y
FEA LR WAL S K Sl HLIAR 8 2 a5 KAk RE Y X
R BB O PR R R Gl sk
BT KAEZE (0 B2 AR SO R ST 0 11 5 A
1 it 2 s K B A R W R T e B R
Ew /(I

Ml

ﬁi.[ar -

m i
o g, MRS A5 KO A BRI IR A s o AR B
EY- WG
& 6 Ca) FIE 6(b) 435 Ak e = i 1R E T

9 303K I 473 K B, 2% J5 A Be = 19 2 kil =
EC 0o IR B 0 VRS V ARl 2. X 7 &
1S SO I TE 0. 015 DUR . H bl 11538
ERiR DN R MR N R A < RS !
BEE R 50 m/s BF g KO S R /N TR 2 B AR
KA AE 0..010 2] 0.020 2 [i] 48 k. Bl i 11 3
JEE 185 i 4G K AR bE E LI BE S 473 K i
T % 3 W JOM A AR R 507 8 1 1A 4k
FUAE IS AL th 2 Bl o 2 1038k 8 1% 389 o e vk /)N i 1
K AFAE— A e A A E 13 B (298 60m/s) , JLH
8 A5 KT AT B/ s X 7 28 4 R LUK T
AL 7% 2 KL, UKl A AE 0,019 F
0. 024 Z [A17E 4k, A8 Ak AN K, HL BB 11 3 B8 11
S IRy N A BT < N il [ 2 R N T
AN O e ) T R W = S Rl A a5 W S ) W |
[ 9 ek 43 T AN [ 6 1) 40 65 T R 5 5 ol T AL
(A8 A B AS TR). DI FE %) 1 BE DR B Ik e =5 1k 11
Tk B T 3 45 TARE TR 1 a5 T AL AR B I B T
A AT K

0.030
—e— JrR2
0.025 | 7
v 4
T
0.015 |
0010 | l 1 L 1
40 45 = . .
V/(m/s)
@ T3:303 K
0.035
— R
0.030 7
——R3
0.025 L
é ,/,,/,,/,,/,,/,v,,
6: 0.020 F S
. N
0005 T ’ 1 1 1 1 1
045 30 355 80 &5 70
VI(m/s)
(b) T,x:473 K

6 A EE B T R Y AR Ak
Fig. 6 Ignition fuel-air ratio varying with inlet

airflow velocity



T A = 1 O A 49 e 2 B Y 1 691

2.3 FHBANEE

BRAMIAE KL RE 2 o Tl TH R b 2 T SR TR Y 1
AES M —. il TR bR & A ] i [R] IR e
DX 25 S R - B4 g X B AR K R R i 4K
R FLAE I IR AT

.-/
0 _ Miue
lbo.far = T,

M iy

o it KRR PSS KR BT AR T I B s i R B
K B =S S

P 7 Cad R 7 Ch) o 5] A ik o 2 ok il JEE T
9 303K AN 473 K i, 25 J5 58 T KA e 3 B 2T ik
AN O BEFE 111 382 ) 28 £ il 26 ¢y AT LA
BB B E M 40 m/s B R F 60 m/s. £
7 MRS 3 1 AR A e S e L X T R
HT T XA HAE 3 M0 R = 10 T A X AR
P BE A 9 A7 ) A T R B 55 Al SR
e i LR D AT3 Ky FEAH R B TO0R 5 &
LB Ovotee BI/DT I 2 19 Oortar » 1T HE 3 1Y Ototar
INTITGE A Y Ouo.ier » BT AT T o BUE 1) 2 55 9 £
JEDE T 1] 20 5 S U B30 i) B — I 5 A =
%l 1) JE U A AR PR RE DG T 18] 4 D bt
Ip B — 0 B A — TR 4 A 22 i 08 K PR RE . Wl BE Y
JEDRRE = A v A GE R i JE 1] A B B il i 32 3]
4 B U0 S A 5 2L A 55 A o R 2 B A —
B, AT A A5 5 1) 25 5 iy T IR A — 396 it — T iy
BER BT AR KPR RE S D D0 5 s U L 7R AR [ f4 E 11
FUHF RIS HTRIITE2SHE LMK,
O I BTN+ 23 S8 /IN 506 1200 Fe A+ iX 3R
P PAYJE I i 2 U ) D/ T A B AR <
FCAT BT Uk /I (EL /0 B W J3E A O 5 DAL FEE ) B2 R
B WABE A B T - 25 RE R A B R
LR RIHE 132 T s % R 58 2 1 S AR B
e M.

0.0088
0.0084 -

_ 0.0080 |-

q;_%’
0.0076 -
0.0072 -
0.0068 L L L L L
40 45 50 55 60
V/(m/s)
(a) =303 K

0.010
—a— HE]
0.009 | o JiR2
—a— J5EE3
0.008 |- \ —v— R4
£ 0007F 0 B —
] ﬁrmhh"""vf—w,,,,,w
= 0.006 B
0.005 ‘\:\.\‘
0.004F | . L ! !
40 45 50 55 60
V/(m/s)
(b) 7,=473 K

B 7 Fouh R SO < B R AR A
Fig. 7 Lean blowout fuel-air ratio varying with the

inlet airflow velocity

2.4 MREEMESE

PRPEROR R IR B Bt — R EE M
B S 4. A SO AT AR B RGeS Y 12 58 XU
Yot AR P U R R 258K e s E AN TR 28 4 e
Gy A RIS TR BB RO ISR T B R
BRI AT
_ (m, +m)hy —m,hy — mihy

miqg
K b BB E DR IR B (KT /ke)
B J AR IE B E 11 23 SR LR RS (KT /kg) s h
R HE S (KT /kg) s, sy 53 551 2 238 ORI T
M (kg/s)s g g BEAR Bl 3F 5 P B
43200k]J /kg.

Bl 8 k45 7 2 il 30 1 0K e = 7E i 1R B Oy
AT3 K B BRBER0EE Bl < LY O 19728 4K H T W] LA
B OXF 4 BRI 5 58 R Be R B B A
T L G T AR RIPR 958 5 aF 10 3k R
G R o 05 3 ey, 3 PR R AIE L IR R
FE BRI P B B A ) R R T A A @ TR
FLAR T 0. 030 Hf o 45 7 ZE JR 58 % A6 A ) 0 11 3k 3
TR OR A L RS A AR SOR A AE 0. 95 LA
FL YA T 0. 030 I L BRBS AR I 2 IS T
F18) 384 T RRAIG s @ ZE M A EL &5 1 0. 030 B, r 5 1
BRI 2 R B RCR R T RDIR S 2007 8 2 1R IR
B MRS T MK 3% &4 T E 3 B
BRBERE L L FLR A 2 07 % 4 AR 200 (i)
BRAM) o BRI 5 L B 0] 41 A Sk a0 B 3 B —
T 4T P = £ 1] 30 245 190 R 8 802 A v T e 1)
YA R RS 300 R A — B A ) R R R
J 3 i A Ak A 1 I PR AT BB R R AR TR
FE R T ) 445 Dy 0 B A — 30 B A — IR A 1) =

ylb



692 oz 3 o ¥ W 5530 4%
100 100 o o
0.96
0.96 |-
:‘a o
e
092}
—=—40m/s 092 —= 40ms
—o— 50 m/s —e— 50m/s
0.88F —— 60 m/s . 60ms
—v— 70 m/s v 70 m/s
! L ! L N 0.88 L ! L I 1
0.015 0.020 0025 0.030 0.035 0.015 0.020 0.025 0.030 0.035
efar Gl'ar
(a) FEIL (b) 7752
1.00 | 1.00 F
0.96 |- 0.96 |
0.92 | 0.92 |
&£ <
0.88 | 0.88 |
—a— 50 m/s
0.84 | —= S0mss 0.84}
—e— 60 m/s e gg mﬁs
—a— 70 m/s e
080 1 1 1 1 1 080 1 1 1 1 1
0.015 0.020 0.025 0.030 0.035 0.015 0.020 0.025 0030 0.035
Qfar 0,
(©) 73 (@ Jra

(IR 95y & Rl U Y I

Fig. 8 Combustion efficiency varying with fuel-air ratio
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