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Streeterville Organization of Active Residents (SOAR) y "g&gloept- of Transportation
244 E. Pearson St., Suite 101 ON OF AERO/PARS

Chicago, IL 60611
Dear Ms. Spreen:

The following contains my comments regarding the rebuttal to my IDOT Hearing Pre-
sentation of June 24, 2011 that addressed the Horn et al. report.

The opening remarks of the Horn et al. rebuttal acknowledge the complex nature of the
urban wind environment. This of course is a point I have repeatably made since the opening
of the question of the safety of the proposed Children’s Memorial Heliport. They suggest
that analysts can disagree about the suitability of specific assumptions, and that such dis-
agreements are normally dealt with in an academic environment that involves peer reviewed
manuscripts, symposia, etc. Normally 1 would agree. However as stated in their objectives,
the Horn et al. report “sought to identify any wind conditions that create unusual or po-
tentially unsafe flight conditions for helicopters operating from the heliport”. Furthermore,
their conclusions purported to define “safe flying limits” on which IDOT intends to rest their
judgement on the certification of the heliport.

There is in fact no certitude to the simplified methods used by Horn et al. They did
not even perform the minimum level of error analysis that is required hy best practices,
and defined by professional engineering societies, to determine the uncertainty in their “safe
flying limits”. If this were an academic exercise, the result would be debated in an academic
setting. However, this is not an academic exercise. Their report is being used by IDOT and
Children’s Memorial Hospital to declare the heliport as safe. Lives depend on this concly-
sion. Thus this goes well beyond academic exercise. Given the haste to which IDOT and
Children’s Memorial Hospital wish to accept the Horn et al, conclusion, it is my ethical duty
to point out the flaws in their analysis and the uncertainty in their conclusion without the
normally long academic scrutiny that such a conclusion deserves.

In their rebuttal, Horn et al. suggest that the mocdeling approaches for the complex urban
wind field are beyond the state-of-the-art. However in fact, the “Large Eddy Simulations”
approach I suggested has heen used for more than a decade for atmospheric simulations!2?.
in the simulations of ship airwakes?, and in a potentially more complex problem of the trans-
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port of (hazardous) scalar contaminants® ®7. The cited publications represent a simall fraction
of those that apply the more physically based LES method to the simulation of an urban
wind environment. These myriad of researchers have successfully utilized and validated this
approach, which is justification that rather being beyond the state-of-the-art, is in fact the
accepted norn.

Horn et al. also suggest in their rebuttal that my critique involved the “application of
unrepresentative and inappropriate metrics for assessing errors in the analysis.” In fact I
simply applied the principles of Verification and Validation that are the precepts of access-
lng computational simulations of complex systens. These precepts are documented in policy
statements and guidelines given by the American Institute for Aeronautics and Astronautics
(ATAA), and the American Society of Mechanical Engineers (ASME)** These guidelines ad-
dress the metrics for assessment of iterative convergence, spatial grid convergence, temporal
convergerice, comparisons of the computational fluid dynamies results to experimental data,
uncertainty analysis, and assesstent of computer programs to check for coding errors. Hormn
et al. failed at all levels to address these metrics, They furthermore made no statement on
the accuracy or uncertainty of their conclusions. This makes it is impossible to judge the
soundness of their conclusions. Since their conclusions are being used as testament to the
flight operation safety of proposed Leliport, the complete lack of a professional uncertainty
assessment is egregious.

In their rebuttal, Horn et al. re-stated their objective from the original that appeared
in their report (which I previously cited) to the following, “to perform research on the wind
effects to support a preliminary estimate of operational risks associated with flying to the
helipad along the flight paths”. The new key phrases are “preliminary estimate” and “along
the flight paths”. This has the tone of a retraction of their original stated objectives, and
conclusions. If this was intended to be a preliminary estimate, then i certainly does not
qualify to be the resting statement on the safety of the heliport.

Pollowing this re-stated objective, the Horn et al. rebuttal acknowledge that the specific
criticising regarding the predicted flow “are valid in the sense that the flow does not perfectly
capture measured wind fields.” They again mollify this as being “beyond the state-of-the-art
of helicopter /wind analysis tools currently available.” This is Jjustifiably incorrect as evi-
denced simply by the citation in the Horn et al. report to Polsky, 2002, who utilized LES in
helicopter /wind analysis of ship airwakes.

Carrying this point further, Horn et al. state in their rebuttal that given their recogni-
tion of the “inevitable limits of the computational models used”, they pursued flight testing
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to obtain data to validate their approach and conclusions “to the extent possible”. They
suggest that it is “not unprecedented to conduct simulation studies without guantitative val-
idation of the simulations model”. As support of this approach, they cite the UK off-shore
oll platform study that led to the 4.6kt vertical wind criteria. Certainly this one example
does not justify this practice, and more importantly, it is not the supported position of the
largest and most respected Aerospace Engineering professional society (AIAA).

The Horn et al. rebuttal has some specific response to a number of points that were
made in my hearing presentation. The first focuses on the comparison made between their
Streeterville wind simulation along one of the flight paths that was examined in the RWDI
wind tunnel experiments. They offer a number of “possible interpretations” that could ac-
count for the large differences in the predicted and measured velocities. They suggest that
there might be a displacement in the wind tunnel points, or similar qualitative behavior that
is “displaced in time”. They suggest that the comparison points were selected to convey
wild discrepancies between the simulation and the wind tunnel experiment.

The fact is that Horn et al. had a year to develop their report. This was ample time
to perform a quantitative validation study of their Streeterville wind simulation against
the RWDI wind tunnel data. This validation was never performed. The SOAR exXperts
had three weeks to perform its validation analysis of the Horn et al results. Given more
time, I am confident that an even more expansive analysis would reveal further simulation
discrepancies. Horn et al. do not dispute that such discrepancies exist, or that they are
large. However in secking “explanations” for these discrepancies, they completely disregard
any possibility that their unverified, highly simplified flow simulation may be in serious error.

With regard to Verification and Validation, the Horn et al. rebuttal states that “although
the details are not provided, in our report, the flight dynamics model was exercised exten-
sively to verify that the model was reasonable.”” When Horn was directly questioned on the
Verification of the flight simulation model, he stated that “there was no specific uncertainty
and seusitivity analysis of the flight dynamics model beyond what was presented in the re-
port.” Thus Horn et al. now coutradict their original position.

The Horn et al. rebuttal lists three “verification” tests that include ensuring consistent
trends with conventional helicopters. However based on their description, this is not verifica-
tion but instead it is validation. “Validation” is an assessment of the accuracy of a computer
sinwlation in representing the real-world physics to which it is intended. “Verification” is a
process to address whether or not a computer code has been written correctly and without
errors.

They follow this by stating that the “validation” study, which they previously referred
to as a “verification” study was consistent with what is often seen in articles and reports
in the field of flight simulation. Of this I have no doubt. However, validation studies lead
to an uncertainty or error measure that is reflected in error bars. What is the Horn et al.
assessment of the error? Since there was no statement of the error, or error bars anywhere
in the report, we are to presume that the error is zero!

The Horn et al. rebuttal has made numerous references to their approach being stan-
dard practice in the helicopter flight simulation community. However in the Information
for Authors in the Journal of the Helicopter Society it states that among the criteria for



publishing, a “validity of measured or computed data including sources of uncertainty” must
be included. The Horn et al. report and rebuttal, do not meet that standard.

The Horn et al. rebuttal indicates that such “real world effects” as dynamic stall tran-
sonic flow, aero-elastic blade models, and advanced wake models are “impractical” for their
study and “not a standard practice in the field of rotorcraft flight simulation.” They state
that they chose to develop the simplest “Level 17 helicopter model which they felt was suf-
ficient for other than “aggressive maneuvering.”

The fundamental question is if the simplest model used by Horn et al. is sufficient to
capture all of the flight effects in the highly turbulent and variable conditions in the Streeter-
ville community. How can it be proved? What is the level of confidence?

‘The Horn et al. rebuttal goes on to discuss each of the rotor aerodynamics omissions
brought out in my presentation. They neglect transonic and dynamic stall effects as only im-
portant in high-speed or high load factor flight that they claim is not important in approach
and hover maneuvers. How about in an aborted landing? How about during an engine
faiture? The modeling approach of the Horn et al. never considers worst-case scenarios that
are essential in making conservative estimates.

They acknowledge the limitations of the Pitt-Peters model. They neglect the effect of
aero-elastic rotor. blades because it would require a detailed structural model. They neglect.
blade vortex interaction models because they feel it is beyond the current state of the art.
However this is not the opinion of others in the field, for example Brown and Houston,
at Imperial College, London’®. Brown and Houston elevate the discussion by noting that
a good correlation on simplified systems does not necessarily translate automaticelly to a
valid simulation of more complex systems (e.g. flight tests)”. Furthermore it has been often
demonstrated with the modeling of complex systems that validity does not even translate
between systems with similar complexity if the physics is missing.

1t was pointed out in my hearing presentation as well in my report, that the Horn et
al. flight dynamics simulation assumed that the rotor aerodynamics did not affect the local
wind environment. My interest in this aspect of their flight dynamics model was prompted
by a citation that appeared in the Horn et al. report to Alpman et al.' that concluded
that that when a helicopter operates close to a solid structure, the induced flow from the
helicopter rotor wake can significantly affect the on-coming airwake, and because of this
non-linear interaction, a simplified one-way coupling between an airwake simulation and a
helicopter /pilot flight simulation may be seriously in error

The aspect is considered iimportant because of the proximity of the raised elevator struc-
ture near the helipad. In their rebuttal, Horn et al. suggest that the elevator structure is
“relatively small” and “oriented obliquely” to the helipad. They however have no guantita-
tive basis to exclude its influence on the rotor aerodynamics near the helipad. In light of the
severe warning posed by Alpman et al., this issue needs more than a qualitative judgement.
‘The rebuttal argument that including the more physical two-way coupling is t0o expensive
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might be justified in a purely academic study, but not one in which public safety rests in the
halance.

The Horn et al. rebuttal acknowledged that velocity fluctuations in turbulent boundary
layers, and turbulent wakes immersed in turbulent boundary layers are not random. How-
ever, the Control Equivalent Turbulence Model (CETT) that they used assumes that the
turbulent velocity fluctuations in these situations is a random process. Thus they acknowl-
edge that CETI is not physical. It is not a compelling argument to justify the use of the
CETI by stating that it is the adopted approach of the helicopter community, particularly
il it was not validated for the Streeterville wind conditions.

Was the CETI validated in an urban wind environment with thick energetic houndary
layers and multiple merging wakes? The purpose of a physics-based Streeterville wind sim-
ulation was to remove the need to rely on such ad-hoc models. A failing of the Horn et al.
study is that they chose to attempt to validate their flight simulations with wind directions
that were not simulated.

The Horn et al. rebuttal finds fault in the method of defining simulation error. The
strict definition in evaluating a simulation model is to take the difference between the pre-
dicted quantity and the experimentally measured quantity. My approach was completely
transparent. I chose to take the difference between the two quantities in order to preserve
the sign indicating under or over prediction. The reot-mean-square error is also a standard
approach. The centrul point is that regardless of the approach, Horn et al. made no attempt
to quantify errors or uncertainty of the flight simulation predictions.

The citation to Lusardi, 2004 in the Horn et al. rebuttal describing a methodology is
Interesting but not conclusive. The Steeterville wind simulation time series was made up
of loops of the repeated time series with a random compouent added. The total length in
physical time of these loops did not represent the full spectrum of turbulence time-scales
that are an integral part of a well resolved turbulence simulation. Such a spectrum must
fundamnentally contain an identifiable inertial sub-range and a low frequency range'? that
are not observable in the spectra included in the rebuttal, Although not perfect, the tur-
bulence spectrum in the RWDI experiments was far more representative of the atmospheric
boundary layer than the spectrum exhibited in the Horn et al rebuttal.

[ had planned to perform a more thorough analysis of the turbulence statistics of the
Horn et al simulations. However, the time constraint of having the report for only three
weeks prior to the public hearing prevented a thorough critique. There are further metrics
that can be applied to the time series including the analysis of higher statistical moments,
velocity fluctuation energy ratios, and further spectral analysis that will go further in deter-
mining the suitability of the turbulence simulations generated in the study.

In sumimary the Horn et al. report applied a wind simulation approach that was not ver-
ified to be free of errors, or validated agaiust experiments, and in which they acknowledged
its “inevitable limits”. As they explained in their rebuttal, this prompted the effort to almost
exclusively focus on the use of flight tests. The limited number of flight tests coupled with
un-simulated wind conditions caused them to utilize a turbulence substitute in their flight
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simulations. A limited set of flight tests were performed that encompassed a small fraction of
the possible wind conditions. This number was too small to statistically remove the effect of
random errors. Although they had the means, a quantitative comparison between the fight
tests and the flight simulations was not performed. As a result there was no uncertainty
analysis presented, Finally they now deem the work to be “preliminary”.

Returning to the first argument made in their rebuttal, the Horn et al. study should not
be viewed as an academic exercise that would normally be given sufficient time for critical
review and debate. This report has been made public for only approximately 5 weeks, and
was available for critical review to the SOAR experts before the public hearing for three
weeks. Yet even before the public hearing, it was advertised to the Streeterville community
by Children’s Memorial Hospital to declare the heliport as safe,

As my report and my rebuttal indicate, there are serious deficiencies in the Horn et al.
report. This is evident simply in the re-statement of their objectives in the time period
following the SOAR critique. The Horn et al. rebuttal suggests that the level of effort that
we recommended to address the question of safety of the heliport is either impossible, will
take to much time, or is to expensive. I strongly disagree. Lives depend on reaching the
correct conclusion.

s Ok

Thomas C. Corke, Ph.D.




