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Effect of aspect ratio and swirl angle on temperature distribution of

double serpentine nozzle for turbofan

SUN Peng, ZHOU L1, WANG Zhanxue, SHI Jingwel
(School of Power and Energy, Northwestern-Polytechnical University, Xian 710072, China)

Abstract: Theellects of the aspect ratio and the swirl angle on the temperature distributions
of the internal flow and externaljet-fields-of-the’double serpentine nozzle with real lobed mixer
configuration-were numerically investigated--The results indicated that, under the action of the
bending configuration with the circular-to-rectangular transition, the streamwise vortices induced
by the’lobed mixer and the tail cone entrained the core flow to impact the nozzle wall, and the
“hot streak” was formed at the wall surface of the second S passage and the linear section. Under
the constraint of the criterion of completely shielding high temperature components, the tempera-
ture of the “hot streak” on the nozzle wall first increased and then decreased as the aspect ratio
raised gradually. The value of the temperature peak of the “hot streak” was up to maximum when
the aspect ratioswas’5. It rose by 1.3% compared with that in the benchmark nozzle model. The
plume core region downstream the nozzle exit was shortened effectively with the increment of the

aspect ratio. The temperature of the “hot streak” on the nozzle lower wall first decreased and then
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increased as the swirl angle raised sustainedly. The value of the temperature peak of the “hot

streak” was up to minimum when the swirl angle was 10°. It dropped by 15.9% compared with

that under the condition of 0° swirl angle. The lateral width of the plume core region downstream

the nozzle exit was enlarged notably while its axial length was shortened effectively with the incre-

ment of the swirl angle.

Key words: double serpentine nozzle; aspect ratio; swirl angle; hot streak;

plume core region
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Fig.1 Geometry of double serpentine exhaust system
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Fig.2 Wireframe model and geometric parameters of

serpentine nozzle
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Table 1 Non-dimensional geometric parameters of

double serpentine convergent nozzle
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Fig.3 Criterions of completely shielding high

t€mperature components

2 HERMKELWIEIE

2.1 _tEE RN R &G

R FHACFX A4 BB ARAEL DU T8 S 25 5 45 1Y
TR S5 T A BRI 51 SR FH v B A A =X
SR i = 4] TR 4 B v T 3 Navier-Stokes 77 2 .
LRI S 2T A A = 2 1 5 0 A RS AR e i A
SEAF AL 4 7R 5 BORST  30DX10DX10D
Mo | S 245 Sk K 378 37 38R FH S T AR A% HES
TR A5 #5533 Fly 0 T A IO A 5 7 T A T A DF 422 1T 1l
AR 5 4 14 15 B interface, 1 T interface 1% fll] {1
P AR 5 RN — B, SR 188 R R IR SF R A (A 1
T U R R %6 P& SST (shear stress transfer) £-w 5
Y, T RE TS — 2 PR By 1. R AR U
S48 %1 (grid convergence index, GCT) #E47 I’ #% 25
B 22 I PR AL ™, 45 R B BB I A% 5 25 0 A%
Z A GCI 2 6.08 % 5 H 45 I 4 5 4 %5 I % 22 [1]
B GCIZ 1.37% o XF e SCHR[21 ] A7 O¢ S 45 s 4
Do s 5 I 22 Y PE AL 45 R, SR 0 o R T 1 T A

HR A A

PN diidel

PIRRE T~

S,

B4 s R K i B A4
Fig.4  Grid model and boundary conditions



394 it =

%37 %

59507,

WU TE S 25 WA (1) N /40 0 T8 HE 0381 R
JE 73k 0 B AN O 195 R L pr/p =2.8, KR
Ty =412 K; W R i 1 ¥ TR L6 po/p=2.7, & i
T =987 K. 3k R A D A&, ok
Uit B o=17 m/s, # ik T,=300 K, iz & 8t 1
BB N OB R p=0.1 MPa, it 37 3% H Ath
NFBE IR SR IE S A Y T A
R THT 241 R FH TG 18 B 4 IAVRE [T 31 7
2.2 SLIGISIE

BT IEEE Tk S A R e R T
XU B S 25 5 45 1) v 28 S g A TR | S 0 A R Sy XY
RIE S 24 WA L HERTARLAY 10 « 145 LA AL, IR
SIS S RE T A R AT .
FEXRT LG TS A WA X FR 16 RE [ B S A S
S B LB AT 22 R A A X R 25 AR Ak ks B an /) S
JF 7R o G R 3R WY R 4 T B AR X R 25 /N T
2% o VRZEH KM AL T W O R
4 R ORE D, RTRE A B PR R A DX A e A
R, BEMK T ERZE ., BEE T B
1R 37 2 W% 37 A9 052 AR i 5 500 T %) 5 7 4
G NS N N W <t B R E X2 S

6 _—
| RETE
[ - -e - -TEE
s 4f
AL
[
=
=< L
£
O 1 1 1 1 1 1 I 1 1 h 1 1 1 1 1 1
0.1 03 05 0.7 0.9

bl
[E15  BE AT (14 250850 A 5 S 58 500 1 4 X i 22

Fig.5 Relative error of computational and experimental

static pressure data on the wall
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cross sections inside serpentine nozzle
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Fig.8 Serpentine nozzle geometric model with different aspect ratios
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Fig.9 Comparisons of temperature on the serpentine nozzle wall with different aspect ratios
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Table 2 Temperature on serpentine nozzle wall with different aspect ratios
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3 501 855 468 655
4 511 869 478 682
5 520 878 484 698
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Fig.10 Comparisons of symmetric plane Mach number and streamlines distributions with different aspect ratios
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Fig.11 Comparisons of the z-streamwise vorticities on the cross sections of serpentine nozzle with different aspect ratios
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Fig.12 Comparisons of temperature on the cross sections of serpentinie nozzle with different aspect ratios
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the transversal symmetric plane downstream serpentine

nozzle exit with different aspect ratios
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downstream serpentine nozzle exit with
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Fig.15 Comparisons of temperature distribution on the serpentine nozzle wall with different swirl angles
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Table 3 Surface temperature of serpentine nozzle with different swirl angles
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Fig.16 Comparisons of Mach number and streamline distributions neat the lobed mixers surface with different swirl angles
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Fig.17 Comparisons of limiting streamlines on the tail cone surface with different swirl angles
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Fig.18 Comparisons of z-streamwise vorticities on the cross sections of serpentine nozzle.with different swirl angles
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Fig.19 Comparisons of temperature on the flow cross sections of serpentine nozzle with different swirl angles
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downstream serpentine nozzle exit with

different swirl angles
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