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Viscous Flow |1
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Review: Types of Drag

Types of Drag:
Total — Profile Drag + Induced Drag + Wave Drag
Drag — (viscous) (due to lift) (supersonic)
A
Skin Friction Pressure
Drag Drag

A

- SKin Friction Drag: “Drag due to shear stress”

- Pressure Drag: “Drag due to separation”

Then what is separation (S &&¢2l)???
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| (Flow Separation)
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Flow Separationdj|
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Q25 (Pressure Drag) : Flow Separation0f| 2|ot o=

P=10 P

N

Frictionless flow: no drag

él E e i HJ Separated
f:u flow
i Qf—"‘

Real flow: finite drag
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= No Pressure Drag!!!
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= Pressure Drag Exists !!
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Intuition

Which one has a higher pressure drag?
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Intuition

Which one has a higher pressure drag and why??
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Insert (b)

Insert (a)
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Blunt Body vs. Streamlined Body

Blunt Streamlined

Skin Friction: Less important More important
Pressure Drag: More important Less important
Desired BL: Turbulent Laminar
+& D> B =2 2304X| EF > Bt 22 230X

> AYHTH S5 > wake FF =4 > OhEes 44
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Blunt Body vs. Slender Body

Blunt Body
o ; ¥F, 7, EZF T)
Relative drag

force
—/_\/)Sep:r ated l
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Slender Body
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Separated flow
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Less More
Important Important

 Desired Boundary Layer

— Turbulent
More Less
Important Important

Code
[ Skin friction drag

[] Pressure drag

% Desired Boundary Layer

— Laminar
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Design Consideration

© TS Do B Y
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o
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- Blunt Body : &f82t&d A fF > 5 EA
=
o

- Streamlined Body : Op&at &S ZHA 2F >

% Transition control gt
1) Surface Roughness : EHO| H&4F HO| 7}

2) YT : AYATHY T} 242 HO| T
3) ZS0| WE4E Ho| 74
4) 7”0l £242 HO| 7t

% Examples : Laminar Airfoil (KO|X|H), 2= 5 (X O0|7}=
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Design Consideration (2 A| Mek SEL|E)

Laminar boundary layer
= LLow velocity near wall = low energy
— Low skin friction drag
- Flow separation more likely — high pressure drag

= GGood for streamlined objects (wing at low AoA)

Turbulent boundary layer
= High velocity near wall = high energy
— High skin friction drag

— Better able to overcome adverse pressure gradients
— Delays flow separation — low pressure drag

» Good for blunt objects (golf ball; wing at a high AoA)
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Turbulent vs.
Laminar BL on
Separation

Flow around a smooth sphere
In a water tunnel
(D = 200mm)
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Golf Ball Aerodynamics : Why Dimple??

Separation
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Golf Ball = Blunt Body

—> Pressure Drag Dominant
- Turbulent BL &2

- Dimple 8 &

- Surface Roughness &7}
> H2ZAAS Ho| RE

> Wake Eltl Ootgd &t 24

A
|=|—|c>—|7|-—l—

O




Global Hawk

¥ Turbine Blade CFD
Re = 25,000




Design Considerations

» Desire high energy, smooth, uniform flow into engine

> Engine inlets are displaced from the fuselage to divert
the boundary layer and avoid ingesting it

FUSELAGE
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INLET
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diverter
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Design Considerations

Figure I: Fighter Inlet Designs Featuring Boundary Layer Diverters,
Compression Ramps and Bleed Systems.
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Design Considerations (optional)

Diverteriess Inlet

‘Diverteriess inl
~ *No Bount -
= “'No Bleéd |

i it -~ bope'to Mach 1.6 -

Compatibility. =
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Figure 5: F-16 DSI Configuration in Flight
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Design Considerations (optional)

> New design: Diverterless Supersonic Inlet
> Lockheed tested on F-16 and incorporated into JSF
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