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Abstract: In order to clarify the influence mechanism of aspect ratio on flow characteristic of serpentine
nozzle on the basis of real exhaust mixer configuration in the turbofan engine, the internal flow and external jet
characteristic of double serpentine nozzle under the conditions of different aspect ratios had been simulated nu-
merically. Results are obtained as follows: The flow features around exhaust mixer were changed hardly on the
conditions of different aspect ratios. The stretching of streamwise vortices was more serious at the transversal in-
flections meanwhile the vorticities decreased at the longitudinal inflections as aspect ratio increased constantly.
The vorticities loss and mixing loss were enlarged in the former directly while it diminished in the later. The shear
stress at the wall surface of two inflections and linear section regions decreased gradually with increment of aspect
ratio, where the friction loss and local loss were weakened effectively. However, the curved extents of limiting
streamlines on the upper and lower wall surface were strengthened apparently which expanded toward outside

firstly and then contracted toward innerside along the flow direction. Correspondingly, the aforementioned friction
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loss in the serpentine nozzle were enlarged remarkably. The axial velocity of plume potential core near nozzle exit

increased gradually as the aspect ratio rose while its axial length was shortened dramatically. As a result of cou-

pling effects between exhaust mixer and different nozzle geometric configurations, there appeared the opposite va-

riety trends of multiple flow losses. Generally, the aerodynamic performance of double serpentine nozzle was al-

most unchanged.

Key words: Double serpentine nozzle; Flow characteristic; Exhaust mixer; Aspect ratio; Aerodynamic

performance
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Fig.1 Three-dimensional geometry of serpentine exhaust

system for turbofan

Fig. 2 Ciritical geometric parameters of double serpentine

nozzle

Table 1 Value of the critical non-dimensional

geometric parameters

Non—-dimensional parameter Value
D,/D 0.922
D /D 0.535
L/D 0.685
L,/D 0.292
(L,+L,+L,)/D 2.6
w./D 1.015
AJA;, 0.6
Ly/L, 1.5
AY|/L, -0.296
W./H, 6
L./D 0.124
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Fig. 3 Criterions to completely shield high temperature

parts
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Fig. 4 Three views of serpentine nozzle geometries under different aspect ratios

Table 2 Values of aspect ratio and longitudinal offset

distance
W /H, 2 3 4 5 6
AY,/L, 0.58 0.56 0.54 0.52 0.51
L 1.52 1.25 1.15 1.04 1.00
L 1.35 1.25 1.15 1.10 1.00
t -0.64 0.00 0.35 0.65 1.00
L -0.61 0.00 0.38 0.71 1.00
Wﬂ/m2 4.78 4.89 5.00 5.12 5.24

Nozzle no-slip
adiabatic wall

Bypass inflow Outflow outlet

pressure inlet

Core inflow
pressure inlet

Ambient
inflow inlet

' 'Opening condition

(a) Numerical grids and boundary conditions of
serpentine nozzle domain and farfield domain

(b) Grids around the lobed mixer
Fig. 5 Numerical grid and boundary condition of the full

3D computational domain
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Table 3 Statistics for discretization error and uncertainties

in numerical solutions

Parameter Static pressure/Pa Mass flow/(kg/s)
N, 150551 81.5016
N, 150475 81.4769
N, 150129 81.2394
e /% 0.05 0.03
€,/ % 0.23 0.46
GCL, 1% 321 1.85
GCL,1% 14.52 27.78
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Table 4 Boundary condition settings for the bypass inlet

and the core flow inlet

Location Total pressure/MPa Total temperature/K
Bypass inlet 0.28 412.7
Core inlet 0.27 987.2
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Fig. 6 Serpentine exhaust experimental setup and its

surface pressure taps distributions
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Fig. 9 Comparisons of wall surface pressure distributions

for these four cases
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Fig. 13 Comparisons of static pressure distributions along the peripheral wall on the flow cross section for these four cases
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