TASS Driven Algorithm for Wake
Prediction (TDAWP)

Ered Proctor Ph D
Tovuu 1 1T UUVULVU

1 Iy, T 11.LJ,

NASA Langley Research Center

Wakenet USA
Boca Raton, FL
16-17 March 2004




Contributors:

David Hamilton (NASA)




Outline

Justification for Development

Background: Characteristics of Wake
Vortex Transport and Decay

Current Wake Prediction Models

TDAWRP Description and Development

Comparison with Observations and Other

NMAadaoale
IVIUUCIOS

Summary
Ongoing Work




Justification

e Simple model needed to predict vortex
trajectory

— Vortex lateral transport (to determine
length of time wake resides in flight
corridor)

— Vortex descent rate (e.g., to determine

when vortex sinks beneath corridor)

e A real-time model must execute and deliver
predictions quickly




Characteristics of Vortex Decay

« Aircraft wake vortices decay primarily due to influ ences of:
—Intensity of ambient turbulence (eddy dissipation rate - @
—Magnitude of thermal stratification (Brunt-Vaisala frequency

~N)
—Ground interaction
—Three-dimensional instabilities

Rapid vortex decay usually follows the onset of th ree-

dimensional sinusoidal instabilities.

— Two forms: long-wave instability (wavelength ~ 4-9 b,);
ort-wave instability (wavelenqtl D

— Onset time is a function of: aircraft parameters, e and N




AMBIENT TURBULENCE EFFECTS ON WAKE VORTEX EVOLUTION
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Crow Instability
developing within
wake vortices




transported laterally with the wind, whrle descendi
due to mutual induction of the vortex pair

The wake vortex sink rate is a function of the vort  ex
circulation and aircraft span

The sink rate decrease as the vortex circulation
decays from environmental influences

Crosswind shear may further reduce the sink rate, &
cause the vortex pair to tilt and the vortices to d verge

Ambient turbulence and vortex Instabilities may
distort the wake vortex path

plarn effect vortex motion during ground effect




Nonlinear Shear Effects on Vortex Pair




Wake Prediction Models

TASS -- Terminal Area Simulation System
— Large Eddy Simulation Navier-Stokes code with
meteorological framework
— To complex and slow to use in real time

— Useful for characterizing and conducting parametric
studies of wake vortex interactions with ground and
atmosphere

e APA -- AVOSS Predlctlon Algorlthm v3.2

NWRA developed IGE and NGE models for transport
Described in  Robins and Delisi (2002)

OGE- Out of Ground Effect
NGE- Near Ground Effect
IGE - In Ground Effect




OGE Modules for APA

Greene (1986)
Sarpkaya (2000)

D2P - Deterministic Two-Phase model
(Holzaphel 2003)

TDAWP - TASS Driven Algorithm for Wake

Prediction (Proctor et al 2004)




Vortex Normalization Parameters

e \ortex parameters
— Initial parameters: b , z, (L-“B,EO
— Height: Z=2/b
— Time: T=t G/2pb,?

— Descent velocity: V = &/2pb,
— Circulation:

catr=b,. G*= G/ G

e averaged near core: C = G/GO




3-D TASS Parametric Study

No Crosswind
No Ground Effect

RANGE OF VALUES FOR:
— Ambient Turbulence: & =0. 01 0.3
(e 107 to 3x10 E m2

average C|rculat|on

and SW|tzer NASA TM 2004 213018




Predictive Transport Model
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TDAWP Description

Two prediction Equations;
— Prognostic equation for vortex descent based on
@b,)
— Prognostic equation for hazard based on 10-15
average circulation (@

VWny TWO equation pread U

Vortex descent rate determined by circulation at r~

Hazard represented by circulation atr _<<r <<b,

Formulation accounts for accelerated decay due to

» decays faster at larger radii for increasing N*
» decays faster at smaller radii for increasing

&




secit b,(T-T, -a,)

M1
2

b, =0.6, a, =4/3, T is from Sarpkaya (2000)
vortex lifetime equation




TASS LES: Time to Link




Predictive Transport Model




Predictive Transport Model

For constant vortex separation:

dV* _ dE*
dT ~ dT

2
d=Z

= gblsecf?(bl(T— TL_ al))— Cq1 Max{é OO$—— A]_Z N * 22

dT

U1

where g=0.375
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Predictive Hazard Model

dG _ dGss dGp | dGy
ol ol dT




A Predictive Hazard Model

\

Gs=7 1 tanh (b, +b,N*4)(T- Tss a,)

Proctor, F.H., and G.F. Switzer, 20007 ®onference on Aviation, Range and Aerospace Melegyo

b, = 0.68, by = 0.25, a, = 1.875




Wake Decay due to Shortwave
Instability




T — Onset Time for Rapid Decay
(from TASS parametric studies)

X




Predictive Hazard Model

$ %
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d@C x4
S b, +b,N*
ar- = F(T)=—

sect? b,+b,N*4 (T- Tss a,)







The TASS Driven Algorithms
for Wake Prediction (TDAWP)

2.5

=- gb,sech (b (T T - ))— Cq Ma>{{é OO%—— A{Z N*

b +b_N*%

2= F(T)2—3 sechZ[(b2+b3N*4)(T— Tes)- a2]- c, Maf e, 00§ G - A,z N*2

vortex trahsport and decay

*Realtime wake prediction model for transport and
decay out of ground effect
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TDAWP vs MEM
CW Lidar: altitude




TDAWP vs MEM
CW Lidar: 10-15m
average circulation

8 cases




APA Model Inputs

comparison between TDAWP, Sarpkaya
and D2P OGE modules

Aircraft type (i.e. wingspan) b, = p Span/ 4
Aircraft weight & air speed G =wg/mrv_b,
Initial altitude above ground Z

(0]
Initial lateral position Yo
Crosswind profile — Uc (2)
Turbulence (EDR) profile e(z)

remperature profile Te (2)




Model Comparisons: TDAWP
vs APA vs D2P for MEM 1275

MEM1275, 8/16/95, 4:18:3, B727
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TDAWP vs APA V-3.2 vs DP2
and Lidar (non FAA/NASA data)
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TDAWP vs APA V-3.2 vs DP2
and Lidar (non FAA/NASA data)
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Summary of Differences Between

TDAWP with APA/Sarpkaya and
D2P

Height predictions are very similar between TDAWP
and D2P, while APA shows less descent into stratifi ed
environments

TDAWP and D2P have a rapid decay phase, while APA
has a faster initial decay

For C|rculat|on TDAWP more Ilkely to upper bound

D2P appears to predict shorter vortex lifetimes




Summary

TDAWP, a two equation real-time wake
prediction model described

Can be substituted into APA prediction
module replacing Sarpkaya’s algorithm

Comparison with Lidar data shown

Comparison shown between D2P and APA
v3.2




Ongoing Work

 Further evaluations underway

e Addition of Probability Bounds to account for
uncertainties in:

weather conditions
generating aircraft parameters
model uncertainties

affects vortex pair tilt
vortex rise
may suppress rebound of vortices during IGE

upstream and downstream vortex may decay at
different rates




