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Abstract: Currently the propulsion system and aircraft tend to be highly integrated, the ultra—compact ser-
pentine inlet and boundary layer ingesting inlet are the keys to realize the fusion. This article reviews the latest re-
search progress of the two types of subsonic S—shaped inlets in related fields at home and abroad in recent ten
years. Remarkable flow separation, induced by the transverse and streamwise adverse pressure gradients, are
generated within the two types of inlets, forming pairs of large scale vortices and apparent total pressure distortion
at outlet. Therefore, researchers have developed a variety of passive, active and hybrid flow control methods,
which can lower the distortion index of circumferential total pressure without significant increasing of the total
pressure loss in the design condition. Moreover, a general design method for the aerodynamic profile of the S—
shaped inlets has been established, which can be adopt to any special entrance shape. Finally, the current CFD

methods can accurately predict the time—averaged total pressure recovery coefficient at AIP (Aerodynamic Inter-
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face Plane), but the predicted distortion index deviation is large.
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Fig.2 Typical aircraft with S-shaped inlet ((a),(b)-ultra compact inlet, (c),(d)-BLI inlet)
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Fig.3 Ultra-compact inlet system proposed by Lockheed Martin"
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Fig. 4 Separated flow pattern in a ultra-compact serpentine pipe'*

(a) Geometry of the inlet
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Fig. 5 Ultra-compact serpentine inlet flow characteristics"®

T T 7 1.
C -20 -12 -05 03 0.7

»

(a) Angle of attack: 6°
Fig. 6 Wing tip induced vortex ahead of inlet

(b) Angle of attack: 10°
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Fig. 9 Effects of boundary layer thicknesses on the internal flow of the BLI inlet™
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Effects on total-pressure Effects on the

Source Flow control method Inlet type K o
recovery distortion index
Hamstral?! Microvanes Ultra—compact inlet +6% -50%
-60%
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(maximum)
Tanguy!?%! Microvanes S—shaped inlet +30% -50%
Jirasek!36) Microvanes Ultra—compact inlet +2% -72%
Ngl37! Microvanes Rectangular S—shaped inlet Decreased Unclear
Yil3s! Microvanes RAE M2129 S-shaped inlet Basicly invariant =79%~-70%
Owens!3? Microvanes BLI inlet Basicly invariant -78%
Harrison!*] Suction BLI inlet 1% inlet mass flow rate No effect
Xiel ! Vortex controlled inlet design method Ultra—compact inlet +0.84% -76%
Sun!16-17] Internal bump Ultra—compact inlet +3% -12%
Sunl 6] Microvanes Ultra—compact inlet -0.5% ~79%

e
ol
s
RSLE

(a) Microvane

(b) Microvane in a ultra-compact inlet

Fig. 10 Illustration of the microvane and its installation in a ultra-compact inlet"**
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DPCP, 0.028 DPCP, 0.012 DPCP, 0.020

Fig. 11 Optimized configuration of microvanes and the total-pressure distribution on AIP™*!
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Fig. 12 Ultra-compact serpentine inlet with an internal bump
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(a) Baseline

(b) Vortex-controlled

Fig. 13 Vortex controlled inlet design method'?
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Fig. 14 Surface oil-flow and time-averaged total pressure on AIP"
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Fig. 15 Effects of jet mass flow ratio on distortion reduction in BLI inlet experiment®”
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Fig. 17 Instantaneous Mach-number contours on the symmetry for the baseline and actuated™

Table 2 Summary of active flow control methods applied to S-shaped ducts

Effects on Effects on
Source Flow control method Inlet type Amount total-pressure  the distortion

recovery index
Garnier %] Pulsed Jet S—inlet <1% inlet mass flow rate +1% -50%
Dal43 Microjet Ultra-compact inlet 0.65% inlet mass flow rate +4% -75%
Tormalm!*S Microjet Ultra—compact inlet 9% inlet mass flow rate +6% -92%
Harrison!40) Microjet BLI 1%~2% inlet mass flow rate No effect -50%
Hamstra®! Microjet Ultra—compact inlet Within 2% +3% -50%

Ng'37! Microjet S—shaped inlet Unclear Increased Unclear
Burrows!**/ Fluidic oscillator Ultra—compact inlet Unclear Unclear -60%

Localized arc fil t
Collin‘®!) peatied ate liamen Ultra—compact inlet Unclear Unclear Unclear
plasma actuators

Scribben! 62! Microjet Ultra-compact inlet 1% inlet mass flow rate +2% =70%
Vukasinovic!?? Fluidic oscillator S—shaped inlets 0.25% inlet mass flow rate Unclear -68%

Yanghuil®®! Electro-hydrodynamic S—shaped inlet Unclear +0.34% -6.72%
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Fig. 21 Comparison of control effect of passive, active and
hybrid methods™"

Table 3 Coefficients of three typical transition curves

Coefficient Coefficient Coefficient

No. Name

A B C

1 Rapid turning at entrance 6 -8 3

2 Modest turning 3 -2 0

3 Rapid turning at exit 0 4 -3
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Fig. 22 Typical center line bending law
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Fig. 24 Variety of S-shaped inlets with complex entrance shapes'®
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Fig. 26 Complex flow structures within a ultra-compact inlet by DES simulation®
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