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@ Recent Experiments (1990's on) : R;; are not pure functions of u,
Ry, grows with Rey, arguably R and R3; are pure F(u.)
@ Challenge: reproduce this behavior in a RANS model
Motivation: Why do we care about R, , Ry; ?
@ Evidence for this behavior in Rz;; for canonical separated flows
@ Separated flows: all R;; important (no longer a TSL — Mohr’s circle)
@ Modeling 0x(T;jx): accurate R;; predictions necessary
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L Motivation: An Outer Scale in a Field Equation

' o If wishes were horses

Cebeci-Smith would still be among us (Rey unavailable)

BB o Physical phenomenon responsible — very long structures seen in high Re

o Concept: How long has this streamline been in turbulent flow?
An Equation for streamline length [, (An odometer):

pdi(ly) + puidi(ly) = plusus) 3 (Lo = 0)

Turn this length into a Reynolds number, R, = k%lp/y:
vk
ﬁt(pRo) + Gl(pulRo) = p\/uiuiT

Add boundary layer sync and laminar reset:

pwR,

R = Y EuVE oy PR
Ou(pRo) + OilpuiRo) = p>=7== 4 0; (1 + oup) i) =

(Simple BC! Inflow: R,|o =0, Wall: 9R, =0)
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R, k
Simplest flowfield: (and it works as designed)

o Extremely small away from the turbulent flow
o O3R, = 0 in log layer (linearly proportional to z1)
o So far - So good, but for a vehicle?
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TAO Equation Solutions: Isolated Airfoil
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more representative case, and it works as designed
o Two different solutions with Farfield Boundary 10C or 100C away

o Boundary layer solutions insensitive to farfield boundary distance—
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O (Rij) + O (ukRij) = - Rjkakﬁi - Rikakﬁj — OkTijr + vOLOL Ry
+1Lij — 200y, (u}) Ok (u])
O (Tiji) + O (wTiji) = — T3510,Ux — Tji0U; — TreaOU;
+ RijO Ry + RjrO Ry + Rii O Rjy
+ v010, Tk
i — O(Qijrr) — €ijin

1
My = [40.07) + W0,

1
i = (W50 + e 0] + w50
Qijkl :u;u;u;ug

i =20 (WO (uf) + 5D ()01 (o) + e, Bu(u) () )
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O (pk) + O (pwik

O (pw) + O (pugw

) =p[Ri;Sij — B kw] + O (1 + orpr) O k) — Ag0; (p

)
TAO in a mod )

)

—apS? — Bpw? + 8 (1 + gwpr) Ow)
AOPW ( qu) — le>
9 (pTij) + O (pwTijn) =Aopw (Tfﬁf) - Tijk)

wuiVk wR,
Ou(pRo) + 0i(pusRo) =p =" 40, (1 + o) iRy) — =

Ot (pRi;) + 01 (pwi Ry

(14+ Rr)
where: ) 4 .
e 1 D
R;; (9 = Skdis = —(Pig = 5Po) + ...
2 1+2
= U, Upln(l o/Rom Ag= ——"F =1/A
Y =max(¥r,YrIn(l+ Ro/Rm))  As SRan 10 Y/ Ag
I —p _B/AS o
K=" B =1/4 f=fop  ow="50
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Flat Plate Velocity and Skin Friction
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o Able to get good cs(Reg) predictions

o —Did no harm-—
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o Much improved Rj; predictions
o Better RJ; predictions
o Overall much improved R;; prediction behavior (Mohr's circle)
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Flat Plate Turbulent Transport
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o Not the most important transport term, but checkable
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o Overall prediction encouraging (low in log region, high at edge)

o B.L. Edge position not identical in CFD /experiment



Flat Plate Turbulent Energy Balance
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Results
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Re, =2 x 10 Re, =10 x 108 Re, = 50 x 106

o Transport Small, except at BL edge
o P = ¢ dominant balance in log layer
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Conclusions
. o R, works as a turbulent odometer/outer scale

© Much improved R;; predictions obtained

o Tjji, consistent with experiment (depends on R;; predictions)
Future directions

o Matching/tuning more experiments (esp those with T}, )
o Junction Flow Experiment
o Driver CSO0, Spinning Cylinder

o Separated flows (promising results with earlier versions)

o Junction Flow Experiment
o Johnson Bump
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