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Abstract: The development of novel swirlers represents a critical breakthrough for enhancing the
lean blow-off limit of combustion chambers and optimizing flame stability under typical operating
conditions. Based on a numerical approach, the characteristic evolution of a dual-stage counter-rotating
swirler was systematically investigated by incorporating biomimetic features inspired by winged seeds
within the cold-flow field of a combustor. By analyzing the control mechanisms of the main and pilot stage
blade design types on the central recirculation zone (CRZ), the influences of different blade combinations
and trailing-edge thickness variations on the topological characteristics of the cold flow field were
revealed. Results indicated that the blade combination scheme of the main and pilot stages significantly

affected the vortex core extent and velocity distribution within the CRZ. When the trailing-edge thinning
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ratio reached a critical value between 40% and 60%, the growth rates of both the vortex core area and the

recirculation velocity exhibited a nonlinear decay trend with the increasing thinning ratio, yet maintained a

positive correlation. Specifically, employing the biomimetic design for the main stage blades contributed

to an expanded vortex core region and an increased recirculation velocity, with its dominant influence on
the CRZ concentrated within the spatial domain of 0.3<x/D<1.2 and —0.3<z/D<0.3. Utilizing the

biomimetic design for the pilot stage blades produced an enhancing effect on the expansion of the vortex

core region.

Keywords: dual-stage swirler; bionic blades; flow characteristics; vortex core;

recirculation zone
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Fig. 1 Sectional view and two-stage counter-rotating swirler model

20250335-3



41 %

F1 ERBHTHENESH

Table 1 Static characteristic measurement parameters

of samaras
S8 ¢l
5% 1< BE /mm 20
J5 %5 /mm 0.2
HIZ%)JE B /mm 0.5
[T i B /mm 0.15
T[] 2 B /mm 0.18
L /mg 49
kg 48
M A P& B /mm 7.5
M H KB /mm 16
RIS /mm 8
RSB /mm 3.5
W5 25 25/ mm 0.3

i & LAY BT SR 25 RO B 3, PR

J¥ 22355 0.3 mm, P AH 22 35 3] 60%, X 2 E i
A O AR BT 5 AR R BERAAE

XUGTHE i s 47 A SR 56 T A XU I 38

Dt i

TR

AVEE S
PRI Rh7

Pk
(B2 E Dy

W R EgsAE WY BRI, Hoks st
V5 € T4 I TR (Y O T AR, R el v R
G ) S5 G o fRTT 2 R X T A
F 1E A G R T 5 XU ) S5 2k AT 738 A i
F T, HG b E ek b 3R S 5 SR T 4 AP0 e Ik
AR I LA 113 4 S FE 60% LAY o

BEW I B 5] A RIMERHE R 2 PR,
- ok SR A5 i R HE R 25 S FERE R BB )y
FEAE AR 2T R N R T R IR = i S
5%, BRI A5 A it BRRRAE, O/ B8 35 L A5 o i
Y (AR o 2% 5 AR e, JFGJEE JRE VI A A ) R
LN AT HE R AR ) T R A 3D AT BN S
FERIGNE 3 frR .

LT NI B SRR E A, &
THE A PN 8 28 A I 3 Sk — I R B AR AR
o P BOL 5 BN AR 80 mm, KR
180 mm I8 3 , <UL 7E 58 U T AP R s 1 A JiE
Tias. ARt /NG O R ST RHEZ PR T
T A KR, G T A 0.105 m x 0.105 m x
0.230 m [ 37 J7 MR 58 =, S 38 it A Sl 141 4(a)

W XU T
ACSF I AT Fr

B2 it g AFCRIMEAHE SR B A

Fig. 2 Schematic diagram of swirler blade improvement
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in different schemes
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