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e Motivation

Conception, development and certification of anti-icing
and de-icing wing systems.

Modeling and simulation of anti-icing and de-icing
systems.

Modeling and simulation of ice accretion in airplane wings
and components.

Heat and mass transfer and liquid water runback.

Brazilian aeronautic industry
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Aircraft Ice Accretion

e Condition for icing accretion
- Subcooled water droplets
- Non-protected Surfaces
- Failure of Anti-icing system

EMPENNAGE

WING LEADING LEADING EDGES

EDGES

PROPELLERS

o Consequences

Aerodynamic degradation
Weight increase

lce shedding

Sensors malfunction

RADOME

ESSENTIAL INSTRUMENTS / AUXILIARY AIR
INLETS

ENGINE AIR
INLETS

Source: Aircraft Icing Handbook Vol2
DOT/FAA/CT-88/8-2
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Anti-icing and De-icing Systems

Thermal Ant-icing and De-icing Systems Mechanical De-icing System
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Anti-icing and icing accretion Simulation

Flight and Atm. Conditions ’ — :
M, Py 0, T MVD, LWC Flow Solver |« Airfoil Profile

A 4

atm?’

\ 4

Water droplets and collection
efficiency calculation

/ Thermal Solver \ -

Thermal Solver

- Thermodynamics | Thermal
- Boundary Layers < Momentum
- Conduction Heat | Mass
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Heat Req. for Al and DI Systems

Transfer T
- Water Film Flow P
Dynamics
\ / M Taps Ny Myg,
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Wetness factor, runback water height
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Modeling Domains
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Airfoil solid
surface (V)
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lcing and Anti-lcing Codes
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Characteristics

Code Authors Boundary Layer V\II:t:t:tisrs Lam-Turb Transition  Onset / Lenght
ANTICE Al-Khalil et al. (2001) not calculated (exp. data) rivulets not calculated not calculated
ONERA Henry (1992) diferential not calculated
w/0 freestream
CANICE FD e pIC2oE diferential (Cebeci, 1971) not calculated M AILTE L
Paraschivoiu (1999) ’ (Chen,Thyson,1971) effect
(Michel.1951)
M.Sc.Silva . . Probabilistic (Reynolds, :
(1998-2002) Silva (2002) integral (Ambrok,1957) not calculated Kays, Kline, 1958b) adjusted
slztee%rﬂs(i?;nnbz(;{?r?glz)s, intermittency (Reynolds, adjusted and
PhD.Siva oo oo00) Kpa Sp i 19583’) od. rvuiets | Kays Kiine, 1958) and  predicted (Abu-
(2003-2009) ys, RIIne, ! (Abu-Ghannam, Shaw, Ghannam,
diferential (Cebeci, 1980) Shaw,1980)
Cousteix, 2005) ’
Macarthur, Keller .
) 3 R
LEWICE Luers (1982) integral (Makkonen) not calculated abrupt €ks
ONERA ggg%?d’ St integral (Makkonen) not calculated abrupt Reys
M.Sc. abrupt, intermittency
Stefanini Stefanini (2009) integral (Makkonen) not calculated (Abu-Ghannam, Shaw, Reys, adjusted

(2006-2009)

1980)
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Thermal Solver Development

e Thermal Boundary Layer
- Non-isothermal surface
- Effect of pressure gradient
- Effect of mass transfer
- Effect of surface roughness
- Effect of the laminar-turbulent transition
- Effect of the compressibility

« Water Runback Flow
- Water film flow and breakdown
- Rivulets flow
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Laminar-Turbulent Transition

e Algebric correlations of Abu-Ghannam and Shaw (1980) for
intermmitency function

Res — Reg i
Rest — Reg

v(Re) =1 — exp (—57°) =

e In the lamimar-turbulent transition region the Stanton number (St)
is calculated using the intermmitency function

StRe) = [1 — YRe)] - Stiam + YR®e) - Stuns
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Film breakdown and Rivulets formation

Dry surface

End of rivulets

Filrn lyreakdown Filrm flows
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Atota.l — Awet + Ad-‘r’y

The film height varies with
evaporation, temperature,
pressure gradient and shear
stress

The rivulets will form when
the film reaches critical
height

The dry and wet areas ratio
affect heat transfer

The water film breakdown
occurs only downstream from
impingement limits (Al-Khalil,
1991)
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Anti-icing simulation - Selected test cases

e Tests performed by Al-Khalil et
al. (2001)

e NASA IRT Cleveland, OH, USA
e NACAO0012 electrically heated

e Test series used to validate
Lewice/Antice code

Parameter 22A 67A/67B
Vs [MVS] 44.7 89.4
Thot [K] 264.4 251.5
o 0.0° 0.0°
N LWC [g/m’] 0.78 0.55
MVD [um] 20.0 20.0
Turb. Level Tu 3.1% 3.1 and 3.0 %
(S/C)oro ~10 % ~10%
il Res, prot 6.72*10°  1.38*10°
el Q elec. aver. [KW/m?] 19.3 25.9/11.1
Mach 0.1369 0.2813
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Solid Surface Temperature, °C

PGdg e Pesqui

Basic B.L. Integral Model
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Comparison with ANTICE and CANICE A/B - case 22A

Note - Basic Model: smooth, w/o rivulet and w/o lam-turb transition prediction
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Diferencial B.L. model with Rivulet model
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Diferencial B.L. model with Rivulet model
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lcing accretion simulation - Selected test cases

e Kind (2001) published the results of a
comprehensive comparison between
icing codes and experimental data
measured at several test conditions and
icing tunnels around the world.

e Shin and Bond (1994) changed the free
stream tunnel static temperature and
liquid water content to evaluate the
IRT-NASA results repeatability.

Parameter Kind C13  Kind C14  Shin FO1
Vins [M/s] 67.0 57 67.1
Tins [K] 264.4 267.6 Variable
o 0.0° 0.0° 4.0°
LWC [g/m’] 0.65 1.04 1.00
MVD [um] 40.0 27.73 20.0
Duration [s] 672.0 247.2 360.0

Airfoil

NACA0012 NACA0012 NACA0012
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Basic B.L. model with Abrupt Transition
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Comparison with experimental data - case FO1 (o= 4°)
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Basic B.L. model with Abrupt Transition
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Comparison with experimental data and other codes results - case C13 and C14
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Basic B.L. model with Smooth Transition
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Ilcing Growth - case C13 (o= 0°)
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Basic B.L. model with smooth transition

0.06 1 0.06 | S 1 0.06 | o, ]
0.04 ' 0.04 | /\\{\5_;\“,__5 0.04 | /_,_\,/\}Sr\j?“w—'j
0.02 5 002 #7 - 002 A7
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Experimental (Kind,2001) —— Experimental (Kind, 2001) —— Experimental (Kind,2001) ——
Smooth-Present Simulation - Smooth-Present Simulation -~ Smooth-Present Simulation ————
SO/C:0.003..-"-0.001 SO/C:(}.OBI'-U.UII So/c=0.(}23..-"-0.021

Transition onset : variable
Transition length : fixed at |/c = 0.038 / 0.036 (Outb/Inb)
Sand grain roughness : fixed at ks = 0.125 mm

Variation of transition onset with fixed transition lenght - case C13 (a= 0°)
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Basic B.L. model with smooth transition
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Transition length : variable
Transition onset : fixed at s /c = 0.003/-0.001 (Outb/Inb)
Sand grain roughness : fixed at ks = 0.125 mm

Variation of transition lenght with fixed transition onset
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Basic B.L. model with smooth and abrupt transition
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Abrupt-Present Simulation - Abrupt-Step-Present Simulation -~
(a) Convective Heat Transfer Coefficient (b) Intermittency (smooth) and Step (abrupt) Functions

Onset and length of the transition adjusted for a fixed sand grain roughness - case C13
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Future Developments

Modeling of transitory icing accretion on airfoils for
application in electro-thermal de-icing systems

o Effects of water film roughness in the boundary layer
Water Droplets coalescence and water film formation

e Effects of the evaporation and heating flux in the
thermal boundary layer

e Development of 3D anti-icing models

e Development of scale laws to support tunnel tests of
airfoils with anti-icing systems

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



Published Works

Silva, G. A. L., Silvares, O. M., and Zerbini, E. J. G. J.,; Hefazi, H; Chen, H. H.;
Kaups, K.. Differential Boundary-Layer Analysis and Runback Water Flow Model
Applied to Flow Around Airfoils with Anti-ice Systems.In Proceeding of 1st AIAA
Atmospheric and Space Environments, San Antonio, 2009. Reston: AIAA, 2009.

Silva, G. A. L., Silvares, O. M., and Zerbini, E. J. G. J., “Aircraft wing
electrothermal anti-icing: Heat and mass transfer effects”. In Proceedings of
EurotRerm, 5th European Thermal- Sciences Conference, Eindhoven,2008,
Eurotherm

Silva, G. A. L., Silvares, O. M., and Zerbini, E. J. G. J., “Differential and integral
analyses of the convective heat transfer around ice protected airfoils”. In
Proceedings of CHT- 08, ICHMT International Symposium on Advances in
Computational Heat Transfer, Marrakesh,2008, Ankara: ICHMT, 2008

Silva, G. A. L., Silvares, O. M., and Zerbini, E. J. G. J. Boundary-layers integral
analysis - heated airfoils in ice conditions. In AIAA Paper 2008-0475, AIAA Aerospace
Sciences Meeting and Exhibit, 46th, Reno, 2008, Reston:AlAA,;2008

Stefanini, L. M., Silvares, O. M., Silva, G. A. L., and Zerbini, E. J. G. J. Boundary-
layers integral analysis - airfoil icing. In AIAA Paper 2008-474 (Reston, January
2007),2,3I6A8A Aerospace Sciences Meeting and Exhibit, 46th, 2008, Reno, Reston:
AlAA, :

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



Published Works

Silva, G. A. L., Silvares, O. M., and Zerbini, E. J. G. J. Numerical simulation of
airfoil thermal anti-ice operation. Part 2: Implementation and results. Journal of
Aircraft 44, 2 (March-April 2007), 634-41.

Stefanini, L. M., Silvares, O. M., Silva, G. A. L., and Zerbini, E. J. G. J. Convective
heat transfer effects in airfoil icing. In Procedings of COBEM 2007. Brasilia, 2007,
19th International Congress of Mechanical Engineering, ABCM, 2007.

Silva, G. A. L., Silvares, O. M., and Zerbini, E. J. G. J. . Water film breakdown and
rivulets formation effects on thermal anti-ice operation simulation. In: 9th
AIAA/ASME Joint Thermophysics and Heat Transfer Conference, 2006, San
Francisco, Ca,EUA. Proceedings of 9th AIAA/ASME Joint Thermophysics and Heat
Transfer Conference. Reston: AIAA, 2006.

Silva, G. A. L., Silvares, O. M., and Zerbini, E. J. G. J.. Simulation of an airfoil
electro-thermal anti-ice system operating in running wet regime. In: 43rd AlAA
Aerospace Sciences Meeting and Exhibit, 2005, Reno, Nevada, EUA. Proceedings of
43rd AIAA Aerospace Sciences Meeting and Exhibit, Reno, Nevada, Jan. 10-13, 2005.
Reston: AIAA, 2005. p. 1-11.

Silva, G. A. L., Silvares, O. M., and Zerbini, E. J. G. J. . Airfoil anti-ice system
modeling and simulation. In: 41st Aerospace Science Meeting and Exhibit, 2003,
Reno. 41st Aerospace Science Meeting and Exhibit. Reston : AIAA, 2003. p. 1-11.

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



4
)
W //“
> COPPE ///ew=

casoen iz | JFR ] Mecanica

Departamento de Engenharia Mecanica

Contacts

Euryale Jorge de Godoy Jesus Zerbini, Prof. Dr.
euryale.zerbine@poli.usp.br

Guilherme Araujo Lima da Silva, Dr.
gasilva@ats4i.com.br

Luciano Martinez Stefanini, M.Sc.
luciano.stefanini@usp.br

Otavio de Mattos Silvares, Prof. Dr.
otavioms®usp.br

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%QCOPPE A

UFR] Mecanlca

Acknowledgments

Fapesp - Fundacao de Amparo a Pesquisa do Estado de
Sao Paulo

Capes - Coordenacao de Aperfeicoamento de Pessoal de
Nivel Superior

Embraer - Empresa Brasileira de Aeronautica S.A.
CSULB - California State University, Long Beach
USP - Universidade de Sao Paulo

ATS4i - Aero-Thermal Solutions for Industry

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

ABID, R. Evaluation of two-equation turbulence models for predicting transitional flows. International Journal of Engineering
Sciences, v. 31, n. 6, p. 831-840, 1993.

ABU-GHANNAM, B.; SHAW, R. Natural transition of boundary layers - the effects of turbulence, pressure gradient and flow history.
Journal of Mechanical Engineering Science, v. 22, n. 5, p. 213-228, 1980.

ACHENBACH, E. The effect of surface roughness on the heat transfer from a circular cylinder to the cross flow of air. Int. J. Heat and
Mass Transfer, v. 20, p. 359-69, 1977.

ADAMSON, A. W. Physical Chemical of Surfaces. 5. ed. New York: John Wiley & Sons, Inc., 1990.
ADDY, H. Ice Accretions and Icing Effects for Modern Airfoils. NASA TP-2000-210031, April 2000.
ADDY, H. et al. A Wind Tunnel Study of Icing Effects on a Business Jet Airfoil. NASA TM-2003-212124, 2003.

AIHARA, T. Augmentation of convective heat transfer by gas-liquid mist. In: INTERNATIONAL HEAT TRANSFER CONFERENCE, 9. 1990,
Jerusalem. Heat Transfer 1990. New York: Hemisphere Publishing Co., 1990. v. 1, p. 445-461.

AL-KHALIL, K. M. Numerical simulation of a an aircraft anti-icing system incorporating a rivulet model for the runback water. Tese
(Doutorado) — University of Toledo, Toledo, Ohio, USA, 1991.

AL-KHALIL, K. M.; HORVATH, C.; MILLER, D. R.; WRIGHT, W. Validation of NASA thermal ice protection computer codes. Part 3 -
Validation of ANTICE. Cleveland, OH: National Aeronautics and Space Agency, 2001. 18 p. (Contractor Report, 2001-210907).

AL-KHALIL, K. M.; KEITH, T. G.; DE, W. K. J. Development of an improved model for runback water on aircraft surfaces. J. Aircraft, v.
31, n. 2, p. 271-278, 1994.

ALLAIS, I.; ALVAREZ, C.; FLICK, D. Analyse du transfert thermique entre un cylindre et un écoulement d’air faiblement chargé en
gouttelettes d’eau. Revue Générale Thermique, v. 36, n. 4, p. 276-287, Abril 1997.

ALLEN, R. F.; BIGGIN, C. M. Longitudinal flow of a lenticular liquid filmanent down a inclined plane. Physics of Fluids, v. 17, n. 2, p.
287—291, February 1974.

AMBROK, G. S. Approximate solution of equations for the thermal boundary layer with variations in boundary layer structure. Soviet
Physics - Technical Physics, n. 2, p. 1979-86, 1957.

AMICK, J. L. Comparison of the Experimental Pressure Distribution on an NACA 0012 Profile at High Speeds With That Calculated by
the Relaxation Method. [S.l.]: National Advisory Committee for Aeronautics, 1950. (Technical Note, TN-2174).

ANDERSON, D. N. Manual of Scaling Methods. NASA/CR 2004-212875, Mar, co 2004.

ARNAL, D. Description and prediction of transition in two-dimensional incompressible flow. In: AGARD-R-709. [S.l.: s.n.], 1984.
(Special Course on Progress on Stability and Transition of Laminar Flow).

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

ARNAL, D. Transition description and prediction. In: PIRONNEAU, O.; W.RODI; I.L.RYHMING; A.M.SAVILL; T.V.TRUONG (Ed.). Numerical
simulation of unsteady flows and transition to turbulence. Cambridge: Cambridge University Press, 1992.

ARNAL, D. Boundary layer transtion: Predictions based on linear theory. In: SARIC, W. S. (Ed.). Special Course on Progress in
Transitionggl\odelling. Neuilly sur seine: Advisory group for aerospace research and development, 1994. cap. 2, p. 1-63. 284 p. (AGARD
Report, 793).

BANKOFF, S. G. Minimum thickness of a draining liquid film. Int. J. Heat and Mass Transfer, v. 14, p. 2143-2146, 1971.

BANKOFF, S. G. Stability of liquid flow down a heated inclined plate. Int. J. Heat and Mass Transfer, v. 14, p. 377, 1971.

BAXTER, D. C.; REYNOLDS, W. C. Fundamental solutions for heat transfer from nonisothermal plates. Journal of the Aeronautical
Sciences, v. 25, p. 403-404, 1958.

BEAUGENDRE, H.; MORENCY, F.; HABASHI, W. G. Fensap-ice three-dimensional in-flight ice accretion module: Ice3d. J. Aircraft, v. 40,
n. 2, p. 239-47, March-April 2003.

BENTWICH, M.; GLASSER, D.; KERN, J.; WILLIAMS, D. Analysis of rectilinear rivulet flow. AIChE Journal, v. 22, n. 4, p. 772-779, 1976.

BERNARDIN, J. D.; MUDAWAR, I.; CHRISTOPHER, F.; WALSH, B.; FRANSESI, E. I. Contact angle temperature dependence for water
droplets on practical aluminum surfaces. Int. J. Heat and Mass Transfer, v. 40, n. 5, p. 1017-1033, 1997.

BRAGG, M. B.; CUMMINGS, S. L.; HENZE, C. M. Boundary-layer and heat transfer measurements on an airfoil with simulated ice
roughness. In: AEROSPACE SCIENCES AND MEETING, 34., 1996, Reno. AIAA Paper 96-0866. Reston: America Institute of Aeronautics and
Astronautics, 1996. p. 1-16.

BRAGG, M.; HEINRICH, D.; VALAREZO, W. Effect of underwing frost on a transport aircraft airfoil at flight reynolds number. Journal of
Aircraft, n. 31 (6), p. 1372-1379, 1994.

BRAGG, M.; KERHO, M.; CUMMINGS, M. Airfoil boundary layer due to large leading-edge roughness. In: . .: [s.n.], 1995. (Special Course
on Progress in Transition Modelling), p

BRAGG, M. B. Rime Ice Accretion and Its Effect on Airfoil Performance. Tese (Doutorado) — The Ohio State University, 1981.

B9R8A6GG’ M. B. An experimental study of the aerodynamics of a NACA 0012 airfoil with a simulated glaze ice accretion. Urbana, Ohio,
1986.

ESOAGG’ M. B.; BROEREN, A. P.; BLUMENTHAL, L. A. Iced-airfoil aerodynamics. Progress in Aerospace Sciences, v. 41, p. 323-362, jul
5

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

. BRAGG, M. B.; CUMMINGS, S. L.; HENZE, C. M. Boundary-layer and heat transfer measurements on an airfoil with simulated ice
roughness. In: AEROSPACE SCIENCES AND MEETING, 34., 1996, Reno. M. B. Bragg and A. P. Broeren and L. A. Blumenthal. Reston:
America Institute of Aeronautics and Astronautics, 1996. p. 1-16.

. BREDIF, M. A fast finite element method for transonic potential flow calculations. In: AEROSPACE SCIENCES MEETING AND EXHIBIT,
21., 1983, Reno. AIAA Paper 83-16755. Reston: America Institute of Aeronautics and Astronautics, 1983.

. BREDIF, M. Finite element method calculation of potential flow around wings. Lecture Notes on Physics, v. 218, 1985.

. BROEREN, A.; ADDY, H.; BRAGG, M. Effect of intercycle ice accretions on airfoil performance. In: AMERICAN INSTITUTE OF
AERONAUTICS AND ASTRONAUTICS. AIAA Paper 2002-0240. Reno, Nevada, EUA, 2002.

. BRUMBY, R. Wing surface roughness - cause & effect. In: D.C. Flight Approach,. -: [s.n.], 1979.

. BUCHLIN, J.-M.; PRETREL, H.; PLANQUART, P.; LANGER, H.; THIRY, F. Infrared thermography study of a thermal anti-icing system. In:
Von Karman Institute Preprint n. 1994-54. Rhode Saint Genese: Von Karman Institute, 1994. (Apresentado ao 42.Eurotherm,
Quantitative Infrared Thermography, Sorento, 1994).

. CANSDALE, J. T.; GENT, R. Ice Accretion on Aerofoils in Two-dimensional Compressible Flow - A Theoretical Model. Farnborough:
Royal Aircraft Establishment, 1983. (Technical Report, 82128).

. CAREY, V. P. Liquid-vapor phase change phenomena. Hebron: Taylor and Francis, 1992. (Series in Chemical and Mechanical
Engineering).

. CgBECI, T. Calculation of compressible turbulent boundary layers with heat and mass transfer. AIAA Journal, v. 9, n. 6, p. 1091-7,
1971.

. CEBECI, T. Calculation of flow over iced airfoils. Journal of Aircraft, v. 27, n. 7, p. 853-61, Junho 1989.

. CEBECI, T. Effects of environmentally imposed roughness on airfoil performance. In: Influence of environmetal on aircraft wing

performance. .: Von Karman Institute for Fluid Dynamics, 1987, (Lecture Series 1987-03).

CEBECI, T. Essential ingredients of a method for low reynolds-number airfoils. AIAA Journal, v. 27, n. 12, p. 1680-1688, 1989.
CEBECI, T. An engineering approach to the calculation of aerodynamic flows. Long Beach: Horizons Publishing, 1999.

CEBECI, T. Stability and Transition: Theory and application. Long Beach, CA: Horizons Publishing and Springer, 2004.

CEBECI, T.; BRADSHAW, P. Physical and Computational Aspects of Convective Heat Transfer. New York: Springer-Verlag, 1984.

ngBECI, T.; CHEN, H. H.; ALEMDAROGLU, N. Fortified lewice with viscous effects. Journal of Aircraft, v. 28, n. 9, p. 564-71, Setembro
1991.

. CEBECI, T.; COUSTEIX, J. Modeling and computation of boundary-layer flows : laminar, turbulent and transitional boundary layers in
incompressible and compressible flows. Long Beach: Horizons Publishing, 2005.

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

CEBECI, T.; HEFAZI, H.; ROKNALDIN, F.; CARR, L. W. Predicting stall and post-stall behavior of airfoils at low mach numbers. AIAA
Journal, v. 33, n. 4, p. 595-602, April 1995.

CEBECI, T.; KAFYEKE, F. Aircraft icing. Annu. Rev. Fluid Mech., v. 35, p. 11-21, 2003.

CEBECI, T.; SMITH, A. Analysis of turbulent boundary layers. 1. ed. [S.l.]: Academic Press, 1974.

CHEN, K. K.; THYSON, N. A. Extension of emmon’s spot theory to flows on blunt bodies. AIAA Journal, v. 9, n. 5, 1971.

ggSLL}(g% M.; LOCK, R. Prediction of viscous effects in steady transonic flow past an airfoil. Aeronaultical Quarterly, v. 30, p. 485-
CRAWFORD, M. E. TEXSTAN Manual. Austin, TX: University of Texas, 2004. 21 p. (Revisao 092004.1).

CRAWFORD, M. E.; KAYS, M. E. STAN5 - A Program for Numerical Computation of Two-Dimensional Internal and External Boundary
Layer Flows. Washington: National Aeronautics and Space Administration, 1976. 140 p. (Contractor Report, 2742).

CROCE, G.; BEAUGENDRE, H.; HABASHI, W. Cht3d: Fensap-ice conjugate heat transfer computations with droplet impingement and
runback effects. In: AEROSPACE SCIENCES MEETING & EXHIBIT 40., 2002, Reno. AIAA Paper 2002-0386. Reno, Nevada: America
Institute of Aeronautics and Astronautics, 2002. p. 1-10.

DEY, J. On the momentu balance in linear-combination for the transition zone. Journal of Turbomachinery, v. 122, p. 587-8, Julho
2000.

DHAWAN, S.; NARASIMHA, R. Some properties of boundary layer flow during the transition from laminar to turbulent motion. Journal
of Fluid Mechanics, v. 3, p. 418-436, 1958.

DIPPREY, D. F.; SABERSKY, R. H. Heat and momentum transfer in smooth and rough tubes at various prandtl numbers. Int. Heat and
Mass Transfer, n. 6, p. 329-353, 1963.

DOENHOFF, A. E. V.; HORTON, E. A. Low-Speed Experimental Investigation of the Effect of Sandpaper Type Roughness on Boundary-
Layer Transition. NACA TN 3858. [S.l.], 1956.

DOMINGOS, R. H.; PUSTELNIK, M.; TRAPP, L. G.; SILVA, G. A. L.; CAMPO, W.; SANTOS, L. C. C. Development of an engine anti-ice
protection system using experimental and numerical approaches. In: SAE AIRCRAFT AND ENGINE ICING INTERNATIONAL CONFERENCE,
2007. SAE paper 2007-01-3355. Warrendale: Society of Automotive Engineers, 2007.

DOWNS, S. J.; JAMES, E. H. Heat transfer characteristics of an aero-engine intake fitted with a hot air jet impingement anti-icing
system. In: NATIONAL HEAT TRANSFER CONFERENCE 25., 1988, Houston. Proceedings... New York: American Society of Mechanical
Engineers, 1988. v. 1, p. 163-170.

DRAZIN, P. G.; REID, W. H. Hydrodynamic Stability. 2. ed. Cambridge: Cambridge University Press, 2004.

DRELA, M. MISES Implementation of Modified Abu-Ghannam and Shaw Transition Criterion. [S.l.]: Aero-Astro Department, MIT, 1998.
(Technical Report, 13 p.).

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

DRELA, M.; GILES, M. Viscous-inviscid analysis of transonic and low reynolds number airfoils. AIAA J., v. 25, n. 10, p. 1347-1355,
October 1987.

DUKHAN, N.; MASIULANIEC, K. C.; DE WITT, K. J. Experimental heat transfer coeficients from ice-roughened surfaces for aircraft
deicing design. Journal of Aircraft, v. 36, n. 6, p. 948-56, November-December 1999.

ECKER'9I',2E. R. G. Die berechnung des warmeubergangs in der lamineren grenzschicht umstromer korper. V. D. |. Forschungsheft, n.
416, 1942.

ECKERT, E. R. G. Engineering relations for friction and heat transfer to surfaces in high velocity flow. Journal of the Aeronautical
Sciences, v. 22, p. 585-587, 1955.

EL-GENK, M. S.; SABER, H. H. Minimum thickness of a flowing down liquid film on a vertical surface. Int. J. Heat and Mass Transfer, v.
44, p. 2809-2825, 2001.

EL-GENK, M. S.; SABER, H. H. An investigation of the break-up of an evaporating liquid film, falling down a vertical, uniformly heated
wall. Trans. ASME - Journal of Heat Transfer, v. 124, p. 39-50, 2002.

EMMONS, H. The laminar-turbulent transition in a boundary layer - Part I. Journal of the Aeronautical Sciences, v. 234, n. 2348, p.
490-498, 1951.

FLEMMING, R.; LEDNICER, D. High Speed Ice Accretion on Rotorcraft Airfoils. CR 3910,1985.

FRICK, C. W.; MCCULLOUGH, G. B. A method for determining the rate of heat transfer from a wing or streamline body. Moffet Field:
National Advisory Committee for Aeronautics, 1942. (Ames Aeronautical Laboratory, NACA Report, 830, 23 p.).

GELDER, T. F.; LEWIS, J. P. Comparison of heat transfer from airfoil in natural and simulated icing conditions. Washington: National
Advisory Committee for Aeronautics, 1951. 52 p. (Technical Note, 2480).

GENT, R. TRAJICE2 - A Combined Water Droplet Trajectory and Ice Accretion Prediction Program For Aerofoils. Farnborough: Royal
Aerospace Establishment, 1990. (Technical Report, 90054).

GENT, R.; MOSER, R.; CANSDALE, J.; DART, N. The role of analysis in the development of rotor ice protection system. In: FAA IN-
FLIGHT ICING, GROUND DE-ICING INTERNATIONAL CONFERENCE & EXHIBITION, 1., Chicago, 2003, IL. SAE Paper 2003-01-2090.
Warrendale: Society of Automotive Engineers, 2003.

GENT, R. W.; DART, N. P.; CANSDALE, J. Aircraft icing. Phil. Trans. Royal Society London A, n. 358, p. 2873-2911, 2000.

GILE-LAFLIN, B.; PAPADAKIS, M. Experimental investigation of simulated ice accretions on a natural laminar flow airfoil. In: AMERICAN
INSTITUTE OF AERONAUTICS AND ASTRONAUTICS. AIAA Paper 2001-0088. Reno, Nevada, EUA, 2001.

GRAY, V. H. Correlations Among Ice Measurements, Impingement Rates, Icing Conditions, and Drag Coefficients for Unswept NACA
65A004 Airfoil. ., February 1958.

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

GRAY, V. H. Prediction of aerodynamic penalties caused by ice formations on various airfoils. NASA-TN-D-2166, February 1964.
GRAY, V. H.; GLAHN, U. H. von. Aerodynamics effects caused by icing of an unswept NACA 65A004 airfoil. Cleveland, Ohio, 1958.

GUFFOND, D BRUNET, L. Validation du programme bidimensionnel de capitation. Chatillon Cedex, France: Office National D’Etudes
et de Recherches Aerospatlales 1988. (Rapport Technique , RP 20/5146 SY).

HARTLEY, D. E.; MURGATROYD, W. Criteria for the break-up of thin liquid layers flowing isothermally over solid surfaces. Int. J. Heat
and Mass Transfer, n. 7, p. 1003, 1964.

HASSAN, H. A. Transition modeling and applications. In: SARIC, W. S.; REED, H. L.; HASSAN, H. A. (Ed.). Stability and Transition:
theory, modelling, experiments and applications. Reston: American Institute of Aeronautics and Astronautics, 2006. cap. 3. (AIAA
Professional Development Course, San Francisco, Junho, 2006).

HAVUGIMANA, P.; LUTZ, C.; SAEED, F.; PARASCHIVOIU, I.; KEREVANIAN, G.; SIDORENKO, A.; BENARD, E.; COOPER, R. K.;
RAGHUNATHAN, R. S. A comparison of skin friction and heat transfer prediction by various roughness models. Reston: American
Institute of Aeronautics and Astronautics, 2002.

HEINRICH, A.; ROSS, R.; ZUMWALT, G.; PROVORSE, J.; PADMANABHAN, V. Analytical methods: Test methods and facilities. In:

HEINRICH, A.; ROSS, R.; ZUMWALT, G.; PROVORSE, J.; PADMANABHAN, V. (Ed.). Aircraft Icing Handbook. Atlantic City: Federal
Aviation Administration, U.S. Department of Transportation, 1991. v. 2, cap. 2. (FAA Technical Center Report, DOT/FAA/CT-88/8-2).

HENGST, J. V.; BOER, J. The Effect of Hoar-Frosted Wings on the Fokker 50m Take-Off Characteristics. CP 496, 1991.

HENRY, R. Etude du fonctionnement d’un degivreur electrique : modelisation et mesure en soufflerie givrante de temperature
parletale par thermographie infrarouge. Tese (Doutorado) — Blaise Pascal Université, Clemont-Ferrand, 1989.

HENRY, R. Development of an electrothermal de-icing/anti-icing model. Chatillon Cedex: Office National d’Etudes et de Recherches
Aerospat1ales 1992. (Rapport ONERA TAP, 92005).

HENZE, C. M.; BRAGG, M. B.; KIM, H. S. Freestream turbulence measurements in icing condition. In: AEROSPACE SCIENCES MEETING
AND EXHIBIT, 36., 1998, Reno. AIAA Paper 1998-96. Reston: America Institute of Aeronautics and Astronautics, 1998.

HESS, J.; SMITH, A. Calculation of potencial flow about arbitrary bodies. Progress in Aeronautical Sciences, v. 8, p. 1-138, 1967.
HOBLER, T. Minimal surface wetting. Chemia Stosow, v. 2B, n. 201, 1965.

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

IHNATOWICZ, E.; GUMKOWSKI, S.; MIKIELEWICZ, J. Experimental study of evaporation and breakdown of thin liquid films driven by
shear stresses. J. Heat Transfer, v. 101, p. 712-717, 1979.

II\$GELMAN, S. M.; TRUNOV, O.; IVANIKO, A. Methods for Prediction of the Influence of Ice on Aircraft Flying Characteristics. Sweden,
1977.

JACKSON, D.; BRAGG, M. Aerodynamic performance of an nlf airfoil with simulated ice. In: AMERICAN INSTITUTE OF AERONAUTICS
AND ASTRONAUTICS. AIAA Paper 99-0373. Reno, Nevada, EUA, 1999.

JOHNSON, M. W.; FASHIFAR, A. Statistical properties of turbulent bursts in transitional boundary layers. Int. J. Heat and Fluid Flow, v.
15, n. 4, August 1994.

KAYS, W. M.; CRAWFORD, M. E. Convective heat and mass transfer. New York: McGraw-Hill, 1993.

KAYS, W. M.; CRAWFORD, M. E.; WEIGAND, B. Convective Heat and Mass Transfer. 4. ed. New York: McGraw-Hill, 2004. (Apendices
com descricao do programa TEXSTAN).

KAYS, W. M.; MOFFAT, R. J. The behaviour of transpired turbulent boundary layers. In: LAUNDER, B. (Ed.). Studies in Convection.
Theory, Measurements and Applications. New York: Academic Press, 1975. v. 1, p. 223-319.

KELLER, H. B. A new difference scheme for parabolic problems. In: BRAMBLE, J. (Ed.). Numerical Solution of Partial-Differential
Equations. New York: Academic Press, 1970. Il.

KENNEDY, J.; MARSDEN, D. Potencial flow velocity distributions on multi-component airfoils sections. Canadian Aeronautics and Space
Journal, v. 22, n. 5, p. 243-56, 1976.

KERHO, M. F.; BRAGG, M. B. Airfoil boundary-layer development and transition with large leading-edge roughness. AIAA Journal, v.
35, n. 1, p. 75-84, January 1997.

KIM, H.; BRAGG, M. Effects of leading-edge ice accretion geometry on airfoil aerodynamics. In: AMERICAN INSTITUTE OF AERONAUTICS
AND ASTRONAUTICS. AIAA Paper 99-3150. Reno, Nevada, EUA, 1999.

KIND, R. (Ed.). Ice Accretion Simulation Evaluation Test. Neuilly-Sur-Seine Cedex: North Atlantic Treaty Organization - Research and
Technology Organisation - NATO-RTO, 2001. 32 p. (Technical Report, 038).

KORKAN, K.; JR., E. C.; CORNELL, C. Experimental aerodynamic characteristics of an naca 0012 airfoil with simulated ice. Journal of
Aircraft, v. 2, n. 22, p. 130-134, February 1985.

KUHNS, I. E.; MASON, B. J. The supercooling and freezing of small droplets falling in air and other gases. Proceedings of Royal
Society, A302, p. 437-52, 1968.

LANGMUIR, I. Supercooled water droplets in rising of cold saturated air. In: SUITS, C. G.; WAY, H. E. (Ed.). The Collected Works Of
Irving Langmuir. The Atmospheric Phenomena. New York: Pregamon Press Reprints, 1961, (10). p. 199-334. (Report n. RL-223,
October-August 1944).

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

LANGMUIR, I.; BLODGETT, K. B. A mathematical investigation of water droplets trajectories. In: SUITS, C. G.; WAY, H. E. (Ed.). The
Collected Works Of Irving Langmuir. The Atmospheric Phenomena. New York: Pregamon Press Reprints, 1961, (10). p. 349-93. (Report
n. RL-224, December 1944 - July 1945).

LEARY, W. M. ”"We Freeze to Please”A History of NASA’s Icing Research Tunnel and the Quest for Flight Safety. .: National Aeronautics
and Space Administration, 2002. (The NASA History Series, NASA SP-2002-4226).

LUDLAM, F. H. The heat economy of a rimed cylinder. Quarterly Journal of the Royal Meteorological Society, v. 77, n. 334, p. 663-
666, 1951.

LIGHTHILL, M. J. Contributions to the theory of heat transfer through a laminar boundary layer. Royal Society of London Proceedings
Series A, v. 202, p. 359-377, aug 1950.

MACARTHUR, C.; KELLER, J.; LUERS, J. Mathematical modeling of airfoil ice accretion on airfoils. In: AEROSPACE SCIENCES MEETING
AND EXHIBIT, 20., 1987, Reno. AIAA Paper 82-36042. Reston: America Institute of Aeronautics and Astronautics, 1982.

MACK, L. M. Transition prediction and linear stability theory. In: AGARD Symposium on Laminar-Turbulent Transition. Lyngby: AGARD,
1977. p. 1.1-1.22. (Technical Report, AGARD-CP-224).

MAKKONEN, L. Models for the growth of rime, glaze, icicles and wet snow on structures. Philosophical Transactions of the Royal
Society, v. 358, n. 1776, p. 2913-2939, November 2000.

MAKKONEN, L. Heat transfer and icing of a rough cylinder. Cold Regions and Technology, v. 10, p. 105-116, 1985.

MASON, B. J. The Physics of the Clouds. Oxford: Oxford University Press, 1971.

MATEER, G. G.; MONSON, D. J.; MENTER, F. R. Skin-friction measurements and calculations on a lifting airfoil. AIAA Journal, v. 34, n.
2, p. 231-236, 1996.

MéA‘;(LE, R. The role of laminar-turbulent transition in gas turbine engines. ASME Journal of Turbomachinery, v. 113, n. 5, p. 509-537,
1991.

MENTER, F. R.; LANGTRY, R. B.; LIKKI, S. R.; SUZEN, Y. B.; HUANG, P. G.;

VOELKER, S. A correlation based transition model using local variables part i model formulation. In: Proceedings of ASME Turbo Expo
2004. [S.l.: s.n.], 2004.

ME%(S)INGER, I%) I§ Equilibrium temperature of an unheated icing surface as a function of air speed. Journal of Aeronautical Sciences,
v n. 1, 195

MICHEL, R. Etude de la transition sur les profiles d’aile. Establissement d’un critére de Determination de Point de Transition et Calcul
de la Trainee de Profile Incompressible. Chatillon Cedex: Office National D’Etudes et de Recherches Aérospatiales, 1951. (ONERA
Rapport, 1/1578A).

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

MIKIELEWICZ, J.; MOSZYNSKI, J. R. Breakdown of a shear driven liquid film. Polzka Akademia Nauk. - Prace Instytutu Maszyn
Przeplywowych, n. 66, p. 3-11, 1975.

MIKIELEWICZ, J.; MOSZYNSKI, J. R. An improved analysis of breakdown of thin liquid films. Arch. Mech., n. 30, p. 489-500, 1978.

MIKIELEWICZ, J.; MOSZYNSKI, J. R. Breakdown and evaporation of thin shear driven liquid films. In: Proceedings International Centre
of Heat and Mass Transfer. Gdanski: [s.n.], 1982. p. 467-481.

MORENCY, F.; TEZOK, F.; PARASCHIVOIU, I. Anti-icing system simulation using canice. Journal of Aircraft, v. 36, n. 6, 1999.

MORENCY, F.; TEZOK, F.; PARASCHIVOIU, |. Heat and mass transfer in the case of an anti-icing system modelisation. In: AEROSPACE
SS(I;%NCES MEETING AND EXHIBIT, 37., 1999, Reno. AIAA Paper 99-0623. Reston: American Institute of Aeronautics and Astronautics,
1999.

MORETTI, P. M. Heat transfer through an incompressible turbulent boundary layer with varying free steam velocity and varying
surface temperature. Tese (Doutorado) — Stanford University, Stanford, November 1964. (Technical Report PG-1. Dept. of Mechanical
Engineering. Thermosciences Division).

MORETTI, P. M.; KAYS, W. M. Heat transfer to a turbulent boundary layer with varying free-stream velocity and varying surface
temperature- an experimental study. International Journal of Heat and Mass Transfer, v. 8, p. 1187-1202, 1965.

MORKOVIN, M. V. On receptivity to environmental disturbances. In: HUSSAINI,
M.; VOIGT, R. (Ed.). Instability and Transition. [S.l.]: Springer-Verlag, 1989. (ICASE/NASA LaRC Series, Il).

NA§¢1SII;A1H2A,1%B§)n the distibution of intermittency in the transition region of a boundary layer. Journal of Aerospace Sciences, v. 24,
p. - ) .

NARASIMHA, R. The laminar-turbulent transition zone in the boundary layer. Progress in Aerospace Science, v. 22, p. 29-80, 1985.

NARASIMHA, R. Modelling the transitional boundary layer. Washington: National Aernautics and Space Administration, 1990. 30 p.
(Contractor Report, 187487).

NEWTON, J. E. et al. Measurement of Local Convective Heat Transfer Coefficients from a Smooth and Roughened NACA 0012 Airfoil:
Flight Test Data. Cleveland: National Aeronautics and Space Agency, 1988. 17 p. (Technical Memorandum, 1000284).

NEEL, J. C. B.; BERGRUN, N. R. The calculation of the heat required for wing thermal ice prevention in specified icing conditions.
Washington: National Advisory Committee for Aeronautics, 1947. (Technical Note, 1472).

NIKURADSE, J. Stomungsgesetz in rahen rohren. Forschg. Arb. Ing.- Wes, v. 361, p. -, 1933. Trad. Ingl"es NACA TM 1292.
OLSEN, W.; SHAW, R.; NEWTON, J. Ice Shapes and the Resulting Drag Increase for a NACA 0012 Airfoil. ., 1984.

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

OWEN, P. R.; THOMSON, W. R. Heat transfer accross rough surfaces. J. Fluid Mech., n. 15, p. 321-334, 1963.

PAPADAKIS, M.; ALANSATAN, S.; SELTMANN, M. Experimental study of simulated ice shapes on a nhaca 0011. In: AMERICAN INSTITUTE
OF AERONAUTICS AND ASTRONAUTICS. AIAA Paper 99-0096. Reno, Nevada, EUA, 1999.

PAPADAKIS, M.; ALANSATAN, S.; WONG, S. Aerodynamic characteristics of a symmetric naca section with simulated ice shapes. In:
AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS. AIAA Paper 2000-0098. Reno, Nevada, EUA, 2000.

PIMENTA, M. M. The turbulent boundary layer: an experimental study of the transport of momentum and heat with the effects of
roughness. Tese (Doutorado) — Stanford University, Stanford, May 1975.

PIMENTA, M. M.; MOFFAT, R.; KAYS, W. M. The turbulent boundary layer: an experimental study of the transport of momentum and
heat with the effects of roughness. Stanford: Thermosciences Division, Mechanical Engineering Department, Stanford University,
1975. X p. (Report, HMT-21).

POINSATTE, P. E. Heat Transfer Measurements from a NACA 0012 Airfoil in Flight and in the NASA Lewis Icing Research Tunnel.
Disserta,c”ao (Mestrado) — The University of Toledo, Toledo, Ohio, EUA, Junho 1989.

POINSATTE, P. E.; VAN FOSSEN, G. J.; DE WITT, K. J. Convective Heat Transfer Measurements from a NACA 0012 Airfoil in Flight and
1%5238NASA Lewis Icing Research Tunnel. Cleveland: National Aeronautics and Space Agency, 1990. 17 p. (Technical Memorandum,
1 )-

Pg‘;l'éAPCZUK, M. G. Rever!!ll a review of nasa lewis’ development plans for computational simulation of aircraft icing. AIAA-99-0243,
1999.

RAW, M.; SCHNEIDER, G. A new implicit solution procedure for multidimensional finite-difference modeling of the stefan problem.
Numerical Heat Transfer, v. 8, p. 559-571, 1985.

REED, H. L.; SARIC, W. S. Tools for boundary layer stability analysis. In: SARIC, W. S.; REED, H. L.; HASSAN, H. A. (Ed.). Stability and
Transition: theory, modelling, experiments and applications. Reston: American Institute of Aeronautics and Astronautics, 2006. cap.
1. (AIAA Professional Development Course, San Francisco, Junho, 2006).

RESHOTKO, E. Transient growth: A factor in bypass transition. Physics of Fluids, v. 13, n. 5, p. 1067-75, May 2001.

REYNOLDS, W. C.; KAYS, W. M.; KLINE, S. J. Heat transfer in the turbulent incompressible boundary layer. Il - Arbitrary wall
temperature and heat flux. Washington, D.C.: National Aeronautics and Space Administration, 1958. (Memorandum, 12-3-58W).

REYNOLDS, W. C.; KAYS, W. M.; KLINE, S. J. Heat transfer in the turbulent incompressible boundary layer. IV - Effect of location of
transtion and prediction of heat transfer in a known transition region. Washington, D.C.: National Aernautics and Space
Administration, 1958. (Memorandum, 12-4-58W).

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

ROACH, P.; BRIERLEY, D. The influence of a turbulent free stream on zero pressure gradient transitional boundary layer development.

part 1: testcases t3a and t3b. In: PIRONNEAU, O.; W.RODI; I.L.RYHMING; A.M.SAVILL; T.V.TRUONG (Ed.). Numerical Simulation od

Unsteady Flows and Transition to Turbulence - Proceedings of the ERCOFTAC Workshop held at EPFL. Cambridge: Cambridge

University Press, 1992, (ICASE/NASA LaRC Series, ).

ROTHMAYER, A. P.; TSAO, J. C. Water film runback on an airfoil surface. In: AEROSPACE SCIENCES MEETING AND EXHIBIT, 38., 2000,

Reno. AIAA Paper 2000-0237. Reston: America Institute of Aeronautics and Astronautics, 2000. p. 1-11.

ROTHMAYER, A. P.; TSAO, J. C. On the incipient motion of air driven water beads. In: AEROSPACE SCIENCES MEETING & EXHIBIT 39.,

2001, Reno. AIAA 2001-0676. Reston: America Institute of Aeronautics and Astronautics, 2001. p. 1-11.

RUFF, G. A.; BERKOWITZ, B. M. Users Manual for the NASA Lewis Ice Accretion Prediction Code (LEWICE). Cleveland: National

Aernautics and Space Administration, 1990. 240 p. (Contractor Report, 185129).

%BER, H. H.; EL-GENK, M. S. On the break-up of a thin liquid film subject to interfacial shear. J. Fluid Mech., v. 500, n. 113-133,
4,

SARIC, W. S.; REED, H. L. The role of stability in transition to turbulence. In: SARIC, W. S.; REED, H. L.; HASSAN, H. A. (Ed.). Stability

and Transition: theory, modelling, experiments and applications. Reston: American Institute of Aeronautics and Astronautics, 2006.

cap. 1. (AIAA Professional Development Course, San Francisco, Junho, 2006).

SAVILL, A. A synthesis of t3 test case predictions. In: PIRONNEAU, O.; W.RODI; I.L.RYHMING; A.M.SAVILL; T.V.TRUONG (Ed.).

Numerical Simulation od Unsteady Flows and Transition to Turbulence - Proceedings of the ERCOFTAC Workshop held at EPFL.

Cambridge: Cambridge University Press, 1992, (ICASE/NASA LaRC Series, Il).

SAVILL, A. M. New strategies in modelling by-pass transition. In: LAUNDER, B.; SANDHAM, N. (Ed.). Closure Strategies for Turbulent

and Transitional flows. Cambridge: Cambridge University Press, 2002. cap. 18, p. 464-521.

SCHLICHTING, H.; GERSTEN, K. Boundary-Layer Theory. 8. ed. Berlin: Springer-Verlag, 2000.

SCHLITING, H. Experimental Investigation of the Problem of Surface Roughness. Washington, D.C., April 1937. (Technical

Memorandum n.823).

SCHMID, P. J.; HENNINGSON, D. S. Stability and Transition in Shear Flows. New York: Springer-Verlag, 2001.

SCHMUKI, P.; LASO, M. On the stability of rivulet flow. J. Fluid Mechanics, v. 215, p. 125-143, 1990.

SCHUBAUER, G.; KLEBANOFF, P. Contributions on the Mechanics of Boundary- Layer Transition. Washington: National Advisory

Committee for Aeronautics, 1955. 31 p. (Contractor Report, 1289).

SCHUBAUER, G.; SKRAMSTAD, H. Laminar boundary layer oscillations and transition on a flat plate. Washington: National Advisory

Committee for Aeronautics, 1948. X p. (Technical Report, 909).

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

. SHARMA, O. P. Momentum and thermal boundary layer development on turbine airfoil suction surfaces. In: AIAA/SAE/ASME JOINT
PROPULSION CONFERENCE, 23., 1987, Reno. AIAA Paper 87-1918. New York: America Institute of Aeronautics and Astronautics, 1987.
p. 1-11.

. gHIN(5 J.; g(g)ND, T. H. Repeatability of ice shapes in the nasa lewis icing research tunnel. Journal of Aircraft, v. 31, n. 5, p. 1057-63,

et-Out 1994.

. SHIN, J.; CHEN, H. H.; CEBECI, T. A Turbulence Model for Iced Airfoils and Its Validation. Washington: National Aeronautics and Space
Administration, 1992. 18 p. (Technical Memorandum, 105373).

. SILVA, G. A. L. Modelagem e simulacao da operacao de sistema antigelo eletrotérmico de um aerofolio. Dissertacao (Mestrado) —
Escola Politécnica da Universidade de Sao Paulo, Sao Paulo, SP, Brazil, April 2002.

. SILVA, G. A. L.; SILVARES, O. M. Technical Bulletin. Airfoil anti-ice system thermal simulation. Sao Paulo, SP: Escola Politécnica da
Universidade de Sao Paulo 2002. 12 p. (Boletim Técnico, BT / PME / 0207).

. SILVA, G. A. L.; SILVARES, O. M.; ZERBINI, E. J. G. J. A1rf01[ anti-ice system modeling and simulation. In: AEROSPACE SCIENCES
MEETING AND EXHIBIT, 43., 2005, Reno. AIAA Paper 2003-734. Reston: America Institute of Aeronautics and Astronautics, 2003.

. SILVA, G. A. L.; SILVARES, O. M.; ZERBINI, E. J. G. J. Simulation of an airfoil electro-thermal anti-ice system operating in running wet
regime. In: AEROSPACE SCIENCES MEETING AND EXHIBIT, 41., 2003, Reno. AIAA Paper 2005-1374. Reston: American Institute of
Aeronautics and Astronautics, 2005.

. SILVA, G. A. L.; SILVARES, O. M.; ZERBINI, E. J. G. J. Water film breakdown and rivulets formation effects on thermal anti-ice
operation simulation. In: AIAA/ASME JOINT THERMOPHYSICS AND HEAT TRANSFER CONFERENCE, 9., 2006, San Francisco. AIAA Paper
2006-3785. Reston: America Institute of Aeronautics and Astronautics, 2006.

. SILVA, G. A. L.; SILVARES, O. M.; ZERBINI, E. J. G. J. Numerical simulation of airfoil thermal anti-ice operation. Part 1: Mathematical
modeling. Journal of Aircraft, v. 44, n. 2, p. 627-33, March-April 2007.

. SILVA, G. A. L.; SILVARES, O. M.; ZERBINI, E. J. G. J. Numerical simulation of airfoil thermal anti-ice operation. part 2:
Implementation and results. Journal of Aircraft, v. 44, n. 2, p. 634-41, March-April 2007.

. SILVA, G. A. L.; SILVARES, O. M.; ZERBINI, E. J. G. J. Aircraft wing electrothermal anti-icing: Heat and mass transfer effects. In: 5TH
EUROPEAN THERMALSCIENCES CONFERENCE, EINDHOVEN. Proceedings of Eurotherm. New York: Begell House, Inc., 2008.

. SILVA, G. A. L.; SILVARES, O. M.; ZERBINI, E. J. G. J. Boundary-layers integral analysis - heated airfoils in ice conditions. In: AIAA
ﬁEROSPACE SCZISCI)\IESCES MEETING AND EXHIBIT, 46th, 2008, Reno. AIAA Paper 2008-0475. Reston: American Institute of Aeronautics and

stronautics, .

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



.
& COPPE /0

Mecani
s JFR]  WESAMIC

f
rotito derto iz omade JIFIRJ  oitéonica - copre

Graduagdo e Pesquisa de Engenharia \J | I \oJ  Poltécnica .
Pés-Graduag i

Bibliography

. SILVA, G. A. L.; SILVARES, O. M.; ZERBINI, E. J. G. J. Differential and integral analyses of the convective heat transfer around ice
protected airfoils. In: ICHMT INTERNATIONAL SYMPOSIUM ON ADVANCES IN COMPUTATIONAL HEAT TRANSFER, MARRAKESH.
Proceedings of CHT-08. Ankara: International Centre of Heat and Mass Transfer, 2008.

. SILVEIRA, R. A. Simulacao Numérica da Formacao de Gelo na Borda de Ataque de Perfis Aerodinamicos. Dissertacao (Mestrado) —
Universidade Federal de Santa Catarina, Florianopolis, 2001.

. SINGER, B. Modeling the transition region. In: SARIC, W. S. (Ed.). Special Course on Progress in Transition Modelling. NEUILLY SUR
SEINE: Advisory group for aerospace research and development, 1993. 284 p. (AGARD Report, 793).

. SIgAI;’é4§8,§.; GAMBERONI, N. Transition, Pressure Gradient and Stability Theory. El Segundo: Douglas Aircraft, 1956. (Technical Report,
ES- ).

. SMITH, A. G.; SPALDING, D. B. Heat transfer in a laminar boundary layer with constant fluid properties and constant wall
temperature. Journal of the Royal Aeronautical Society, v. 62, p. 60-64, 1958.

. SOGIN, H. H.3A design manual for thermal anti-icing systems. Illinois: Wright Air Development Center Technical, 1954. (Technical
Report, 54-13).

. SPALART, P. R. Topics in industrial viscous flow calculations. In: HENKES, R. A. W. M.; VAN INGEN, J. L. (Ed.). Transitional Boundary
Layer in Aeronautics. Amsterdam: North-Holland, 1996. cap. 5, p. 269-82.

. SPALDING, D. B. Heat transfer from surfaces of non-uniform temperature. Journal of Fluid Mechanics, n. 4, p. 22-32, 1958.

. SPALDING, D. B. Convective mass transfer, an introduction. New York: McGraw-Hill, 1963.

. STEELANT, J.; DICK, E. Modelling of bypass transition with conditioned average navier stokes equations coupled to an intermittency
transport equation. International Journal of Numerical Methods in Fluids, v. 23, p. 193-220, 1996.

. STEFANINI, L. M.; SILVARES, O. M.; SILVA, G. A. L.; ZERBINI, E. J. G. J. Convective heat transfer effects in airfoil icing. In: 19TH
INTERNATIONAL CONGRESS OF MECHANICAL ENGINEERING. Procedings of COBEM 2007. Rio de January: Brazilian Society of Mechanical
Sciences and Engineering, 2007.

. STEFANINI, L. M.; SILVARES, O. M.; SILVA, G. A. L.; ZERBINI, E. J. G. J. Boundary-layers integral analysis - airfoil icing. In: AIAA
AEROSPACE SCZI(S:(I)\ISCES MEETING AND EXHIBIT, 46th, 2008, Reno. AIAA Paper 2008-474. Reston: America Institute of Aeronautics and
Astronautics, .

. SUZEN, Y.; HUANG, P. Modeling of Flow Transition Using an Intermittency Transport Equation. Washington: National Aernautics and
Space Administration, 1999. 34 p. (Contractor Report, 1999-209313).

. THWAITES, B. Approximate calculation of the laminar boundary layer. Aero. Quart., v. 10, p. 245-79, 1949.

. THWAITES, B. (Ed.). Incompressible Aerodynamics: An account of the theory and observation of the steady flow of incompressible
fluid past aerofoils, wings, and other bodies. 1. ed. New York: Dover Publications Inc., 1960.

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



%EECOPPE 7

UFR] Mecanlca

pppppppppppppppp

e Engenharia Mecanica

Bibliography

TOBALDINI NETO, L. Estudo Numérico da Transicao Laminar-Turbulenta. Dissertacao (Mestrado) — Escola Politécnica da Universidade
de Sao Paulo, Sao Paulo, SP, 2006.

TOBALDINI NETO, L.; PIMENTA, M. M.; SILVA, G. A. L. Laminar-turbulent transition modeling strategies for thermally protected
airfoils. In: 2008 ASME FLUIDS ENGINEERING CONFERENCE. Proceedings of FEDSM2008. Reston: American Society of Mechanical
Engineers, 2008. p. 1-9.

TOWELL, G. D.; ROTHFELD, L. B. Hydrodynamics of rivulet flow. AICHE Journal, v. 12, n. 5, p. 972-980, 1966.

TRELA, M.; MIKIELEWICZ, J. An analysis of rivulet formation during flow of an air/water mist accross a heated cylinder. Int. J. Heat
and Mass Transfer, v. 35, n. 10, p. 2429-2434, 1992.

VAN INGEN, J. L. A Suggested Semi-Empirical Method for the Calculation of The Boundary Layer Transition Region. 2a. ed. Delft: TU
Delft, 1956. (Report VTH-74). VAN INGEN, J. L. The en method for transition prediction. historical review of work at tu delft. In: 38.,
Fluid Dynamics Conference and Exhibit. AIAA Paper 2008-3830. Reston: American Insitute of Aeronautics and Astronautics, 2008.

VARGAS, M.; TSAO, J.-C. Parametric study of ice accretion formation on a swept wing at sld conditions. In: SAE AIRCRAFT AND ENGINE
ICING INTERNATIONAL CONFERENCE, 2007. SAE Paper 2007-01-3345. Warrendale: Society of Automotive Engineers, 2007.

VINOD, N.; GOVINDARAJAN, R. The signature of laminar instabilities in the zone of transition to turbulence. Journal of Turbulence, v.
8, n. 2, January 2007.

VOLINO, R. J.; SIMON, T. W. NASA CR. Measurements in Transitional Boundary Layers Under High Free-Stream Turbulence and Strong
Acceleration Conditions. Washington: National Aeronautics and Space Administration, 1995. (Contractor Report, 198413, 662 p.).
VON DOENHOFF, A. E.; HORTON, E. A. A Low-Speed Experimental Investigation Of The Effect Of A Sandpaper Type Of Roughness On
Boundary-Layer Transition. Washington: National Advisory Committee for Aeronautics, 1956. (Technical Note, 3858).

WADE, S. J. Modeling of the performance of a thermal anti-icing system for use on aero-engine intakes. Dissertacao (Mestrado) —
Loughborough University of Technology, Loughborough, 1986.

WAZZAN, A. R.; GAZLEY, J. C.; SMITH, A. M. O. Tollmien-schlichting waves and transition. heated and adiabatic wedge flows with
application to bodies of revolution. Progress in Aerospace Science, v. 18, p. 351-92., 1979.

WAZZAN, A. R.; GAZLEY, J. C.; SMITH, A. M. O. H-rx method for predicting transition. AIAA Journal, v. 19, n. 6, p. 310-12, June 1981.
WHITE, F. M. Viscous Fluid Flow. 2a. ed. New York: McGraw-Hill, 2000.

WHITTEN, D. G. Turbulent boundary layer on a porous plate: experimental heat transfer with variable suction, blowing and surface
temperature. Tese (Doutorado) — Stanford University, Stanford, December 1967. (Technical Report, HMT-3).

WRIGHT, W.; GENT, R.; GUFFOND, D. DRA/NASA/ONERA Collaboration on Icing Research Part Il - Prediction of Airfoil Ice Accretion.
Cleveland: National Aeronautics and Space Administration, 1997. 50 p. (Contractor Report,202349).

WRIGHT, W. B. NASA CR. User Manual for the Improved NASA Lewis Ice Accretion Code LEWICE 1.6. Cleveland: National Aeronautics
and Space Administration, 1995. 95 p. (Contractor Report, 198355).

WRIGHT, W. B. User Manual for the NASA Glenn Ice Accretion Code LEWICE Version 2.0. Cleveland: National Aeronautics and Space
Administration, 1999. 181 p. (Contractor Report, 209409).

Escola Politécnica da USP - Tradicédo e Modernidade no Ensino de Engenharia
Avenida Prof. Luciano Gualberto, travessa 3 n? 380 - CEP - 05508-970 - Sdo Paulo - SP



