USC Viterbi Anisotropic Porous Materials for Drag Reduction

G26: Duke Bristow, Gilanna Canto, Antoine Moats, Joe Rees

School of Engineeri _ S o L
SO0 OF RASHHEEHES Dept. of Aerospace and Mechanical Engineering, University of Southern California.

Motivation Experimental SEtUp

. y
. . - .. ° : : Benchtop Wat
* Studies show that skin friction F;:rthe;res..earcclh S ENES . Diferential Pressure Chammel vele Flow Meter L.. —
t —> [; = 6.35 mm - = 2
drag accounts for 50% Of .l]:-o/at re lIJCIr:jg ragoosn 1ao;rc ra t y / — g Porous ;Illltstrate :p=2.§§mm dx kxx Ub + CUb
3 o e O b \ | s I I I I I I E\ ressure Taps
parasitic drag during cruise omay lead toa 0 Blagie " Pressure T

G/

]

¥
w
N
w
(o)}
N

Side View !

reduction in fuel consumption

o ] \ 4 t Equation 1. Equation to
conditions for aircrafts [1]. . . i ( | > AP determine friction factor,
depending on the aircraft [2]. j’ ST f, from the pressure
Triangular  Increasing riblet efficiency LN =R /s k\ Lm gradient, g bulk velocity,
. . . . . Figure 1. Theorized methods of drag reduction include Pressure sulslin ol Up, density of water, p, and
* DraWI ng InSpI ration from bIOIOgyr riblets which vary in shape and size [3] Taps Pump - the height of the
. —— - — ? : : : : z ’ W= S0mm unobstructed channel, H .
research on passive drag c
reduction has found that the . Figure 4. Working setup for the op View L = 700 mm
. ° R| blets red uce drag by benchtop water channel.
jaggedness of shark scales, . Connect PT Here Connect PT Here Figure 6. Benchtop water channel setup.
: suppressing the development of
known as riblets, reduces circular flow in the spanwise - &2
circular flow along the surface direct dicular to th Porous Substrate dx pUj,
leading to a decrease in friction. TEEHon, PEIPENEI-TAr B e o > Inlet — O 25 mm Equation 2. Equation to
ﬂOW, anng the bounda ry [4] . /4. determine the permeability ratio,
. Insert Cube Here k., from the pressure gradient,
KW Figure 5. Permeability setup for permeability ratio measurements. Pressure Taps % , bulk velocity, Up, and the
Figure 2. Diagram of the reduction of vortices (blue) Figure 7. Permeameter setup for permeability measurements. dynamic viscosity of water, v.
as the riblet spacing changes [4] .
’ Goal: Determine
x S Recent studies have demonstrated permeability ratios and Resu ItS
/ . . .
_ %,’ % thereduction of vortices in both the drag profiles through
wl S spanwise and wall normal directions pressure drop N o 3 -
e § through the simulation of porous 450 % ol i
E| @ . . measurements for g ' |
A structures with permeability values Id b 00 % .
C . . = 350 - :
= (K Kyy s K5z ) shown in fig 2 [5]. These Reynolds numbers of [500, E o0 E Z o % -
3 - studies were pivotal in determining 3000) for structured and 3152 % 518% - + }
- — shis - . 2007 . " 00t . C e
spanwise =z target permeability ratios (K, /K, ) unstructured geometries. Wl @ 025 & f f ;
Figure 3: Flow directional diagram illustrating for d rag red UCtion bUt not Spe C If I C 1:2 HBH Riblet Streamwise Data 200" %,/" HBH  Elliptical Spanwise Data éjﬂ\ T~ _e ° .
the permeability of the flow in each direction . . 7777 Linear Trendline S ~ = = ~ Quadratic Trendiine - ~ %71 % @ogegene ealloas oho o
SEDUETES. S T v S T ST - S iy
Bulk Velocity (m/s) Bulk Velocity (m/s) - ! - 5 ;
: Figure 13. Some geometries portrayed a clear linear relationship (Riblet, left) between the pressure gradient and bulk u T _ ¢
P O ro u S Str u Ctu re D eS I g n velocity while others depicted a quadratic trend (Elliptical, right). 0.025 B E f E\ - i
Geometry K (mm?) K., (mm®) K., (mm®) by vz oz I 1
Trapezodial Riblets 0.22=0.03 |0.009=0.002) 0.061 = 0.002 28 =10 0.14 = 0.04 3.6x0.5 -
Gyroid 006001 |0.007=0.001) 0.018 +0.002 gx2 0.4x0.1 3.4x0.7 i o Flat Plate o Riblet Plate ° Heavy Sponge Plate
Cubic 0.07=0.03 0.05 =0.03 0.05x0.03 37 2+1 L. o Cubic Plate o Gyroid Plate o Vijay Cubic (2021)
Elliptical 0.05=0.03 0.027=0.008| 0.027 = 0.008 721 1t 0.6 s x1 0.002 | ® Elliptical Plate Light Sponge Plate — — — - Cheng Flat Plate (2008) |
i ! B . - - - ] 5 1 1 1 1 1 1 1 1
Previous Experiments 300 3000
Cubic 0.07=0.01 0.07 =0.01 0.07 =0.01 1x0.3 1x0.3 1x0.3 Re

Table 1. Permeability values for the spanwise, streamwise, and wall normal directions as well as the anisotropy ratios
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transducer. For higher Reynolds numbers, the expected decreasing trend of the friction factor matches theoretical predictions .
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* |tis possible that the decreasing trend extends to higher Reynolds numbers and that the more anisotropic structures result in lower friction factors. From

previous research, the friction factor asymptotically reaches a lower bound for Reynolds numbers larger than the ones tested. Therefore, experiments for
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