
Referências Bibliográficas 

ABOUL-SEOUD, A.; MOHARAM, H. M. A simple thermal conductivity-

temperature correlation for undefined petroleum and coal liquid fractions. 

Chemical Engineering Research and Design, vol. 77, n 3, p. 248-252, 1999. 
 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM). D-2717-

95: Standard test for thermal conductivity of liquids. Pensilvânia, 2009. 

 

ANDERSON, G. T.; VALVANO, J. W.; SANTOS, R. R. A self-heated 

thermistor technique to measure perfusion. Proceedings of the 10
th

 Annual 

International Conference of the IEEE, vol. 2, p. 776-777, 1988. 

 

ANIBARRO, C. C.; KUBICAR, L.; CHODAK, I. NOVAK, I. Application of the 

hot ball method on curing process of an epoxy resin. Proceedings of the 

Meeting of the Thermophysical Society – Thermophysics 2008, Vydavatel’stvo 

STU, p. 2-8, 2008. 

 

ARAI, Y.; SAKO, T.; TAKEBAYASHI, Y. Supercritical fluids: molecular 

interactions, physical properties, and new applications. Springer-Verlag, 2002, 

446p. 

 

ASHER, G. B.; SLOAN, E. D.; GRABOSKI, M. S. A computer-controlled 

transient needle-probe thermal conductivity instrument for liquids. International 

Journal of Thermophysics, vol. 7, nº 2, p. 285-294, 1986. 

 

ASSAEL, M. J.; ANTONIADIS, K. D.; WAKEHAM, W. A. Historical evolution of 

the transient hot-wire technique. International Journal of Thermophysics, vol. 31, 

n
o
 6, p. 1051-1072, 2010. 

 

ASSAEL, M. J.; CHARITIDOU, E.; AVGOUSTINIATOS, S.; WAKEHAM, W. 

A. Absolute measurements of the thermal conductivity of mixtures of alkene-

glycols with water. International Journal of Thermophysics, vol. 10, nº 6, p. 

1127-1140, 1989a. 

 

ASSAEL, M. J.; CHARITIDOU, E.; De CASTRO, C. A. N. Absolute 

measurements of the thermal conductivity of alcohols by the transient hot-

wire technique. International Journal of Thermophysics, vol. 9, nº 5, p. 813-824, 

1988. 

 

ASSAEL, M. J.; CHARITIDOU, E.; WAKEHAM, W. A. Absolute measurements 

of the thermal conductivity of mixtures of alcohols with water. International 

Journal of Thermophysics, vol. 10, nº 4, p. 793-803, 1989b. 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



145 
 

ASSAEL, M. J.; CHEN, C. –F.; METAXA, I. N.; WAKEHAM, W. A. Thermal 

conductivity of nanofluids. In: PORTER, W.; WANG, H. (Ed.). Thermal 

Conductivity 27 / Thermal Expansion 15. Destech Publications Inc., p. 153-

163, 2005. 

 

ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS (ABNT). NBR 15220: 

Desempenho térmico de edificações. Parte 4: Medição da resistência térmica e da 

condutividade térmica pelo princípio da placa quente protegida. Rio de Janeiro, 

2005a.  

 

______. NBR ISO/IEC 17025: Requisitos gerais para a competência de 

laboratórios de ensaios e calibração. Rio de Janeiro, 2005b. 

 

______. Catálogo ABNT. Disponível em: <http:// www.abnt.org.br>. Acesso em: 

24 de dez. 2012. 

 

BAILEY, B. J.; KELLNER, K. The thermal conductivity of liquid and gaseous 

argon. Physica, vol. 39, nº 3, p. 444-462, 1968. 

 

BALASUBRAMANIAM, T. A.; BOWMAN, H. F. Temperature field due to a 

time dependent heat source of spherical geometry in an infinite medium. 

Journal of Heat Transfer, Transactions of the ASME, p. 296-299, 1974. 

 

______. Thermal conductivity and thermal diffusivity of biomaterials: a 

simultaneous measurement technique. Journal of Biomechanical Engineering, 

Transactions of the ASME, p. 149-154, 1977. 

 

BARBÉS, B.; PÁRAMO, R.; SOBRÓN, F.; BLANCO, E.; CASANOVA, C. 

Thermal conductivity measurement of liquids by means of a microcalorimeter. 

Journal of Thermal Analysis and Calorimetry, vol. 104, n 2, p. 805-812, 2011. 

 

BARONCINI, C.; FILIPPO, P. D.; LATINI, G. Thermal conductivity estimation of 

the organic and inorganic refrigerants in the saturated liquid state. International 

Journal of Refrigeration, vol. 6, n 1, p. 60-62, 1983.  
 

BARONCINI, C.; LATINI, G.; PIERPAOLI, P. Thermal conductivity of organic 

liquid binary mixtures: measurements and prediction method. International 

Journal of Thermophysics, vol. 5, n 4, p. 387-401, 1984. 

 

BAXTER, S.; VODDEN, H. A.; DAVIES, S. A rapid method for the 

determination of the thermal conductivity of organic liquids for use in heat-

transfer calculations. Journal of Applied Chemistry, vol. 3, n 3, p. 477-480, 1953. 
 

BEIRÃO, S. G. S; RAMIRES, M. L. V.; DIX, M.; De CASTRO, C. A. N. A new 

instrument for the measurement of the thermal conductivity of fluids. 

International Journal of Thermophysics, vol. 27, n 4, p. 1018-1041, 2006. 

 

BIRD, R. B.; STEWART, W. E.; LIGHTFOOT, E. N. Transport Phenomena. 2 

ed. John Wiley & Sons, 2002, 895p. 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



146 
 

BLEAZARD, J. G.; TEJA, A. S. Thermal conductivity of electrically 

conducting liquids by the transient hot-wire method. Journal of Chemical and 

Engineering Data, vol. 40, nº 4, p. 732-737, 1995. 

 

BOWMAN, H. F; BALASUBRAMANIAM, T. A. A new technique utilizing 

thermistor probes for the measurement of thermal properties of biomaterial. 

Cryobiology, vol. 13, p. 572-580, 1976. 

 

BRIDGMAN, P. W. The thermal conductivity of liquids. Proceedings of the 

National Academy of Sciences of the United States of America, vol. 9, nº 10, p. 

341-345, 1923. 

 

BRIGGS, D. K. H. Thermal conductivity of liquids. Industrial and Engineering 

Chemistry, vol. 49, nº 3, p. 418-421, 1957. 

 

BRIONIZIO, J. D.; BONNIER, G. H.; ORLANDO, A. F. Temperature profiles 

produced by a spherical hear source immersed in an infinite liquid medium. 

Proceedings of XX IMEKO World Congress, Coréia do Sul, 2012. 

 

BROCK, J.; NOGUEIRA, M. R.; ZAKRZEVSKI, C.; CORAZZA, F. C.; 

CORAZZA, M. L.; OLIVEIRA, J. V. Determinação experimental da viscosidade e 

condutividade térmica de óleos vegetais. Ciência e Tecnologia de Alimentos, vol. 

28, n 3, 564-570, 2008. 

 

BRONIARZ-PRESS, L.; PRALAT, K. Thermal conductivity of Newtonian and 

non-Newtonian liquids. International Journal of Heat and Mass Transfer, vol. 52, 

p. 4701-4710, 2009. 

 

CAMPBELL, G. S.; CALISSENDORFF, C.; WILLIAMS, J. H. Probe for 

measuring soil specific heat using a heat-pulse method. Soil Science Society of 

America Journal, vol. 55, n 1, p. 291-293, 1991. 
 

CARSLAW, H. S. Introduction to the mathematical theory of the conduction 

of heat in solids. 2 ed. Londres: Macmillan, 1921. 268p. 

 

CARSLAW, H. S.; JAEGER, J. C. Conduction of heat in solids. 2 ed. Oxford 

University Press, 1959. 510p. 

 

CASQUILLAS, G. V.; Le BERRE, M.; PEROZ, C.; CHEN, Y.; GREFFET, J. J. 

Microlitre hot strip devices for thermal characterization of nanofluids. 

Microelectronic Engineering, vol. 84, p. 1194-1197, 2007.  

 

CECIL, O. B.; MUNCH, R. H. Thermal conductivity of some organic liquids. 

Industrial and Engineering Chemistry, vol. 48, nº 3, p. 437-440, 1956. 

 

ÇENGEL, Y. A. Heat transfer: a practical approach. 2 ed. McGraw-Hill, 2003, 

932p. 

 

CHALLONER, A. R.; POWELL, R. W. Thermal conductivities of liquids: new 

determinations for seven liquids and appraisal of existing values. Proceedings 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



147 
 

of the Royal Society of London, Series A, Mathematical, Physical and Engineering 

Sciences, vol. 238, p. 90-106, 1956. 

 

CHANDRASEKAR, M.; SURESH, S.; BOSE, A. C. Experimental investigations 

and theoretical determination of thermal conductivity and viscosity of 

Al2O3/water nanofluid. Experimental Thermal and Fluids Science, vol. 34, nº 2, 

p. 210-216, 2010. 

 

CHATO, J. C. A method for the measurement of the thermal properties of 

biological materials. Thermal Problems in Biotechnology, ASME, p. 16-25, 

1968. 

 

CHEN, F.; SHULMAN, J.; XUE, Y.; CHU, C. W; NOLAS, G. S. Thermal 

conductivity measurement under hydrostatic pressure using the 3 method. 

Review of Scientific Instruments, vol. 75, n 11, p. 4578-4584, 2004. 
 

CHEN, M. M.; HOLMES, K. R.; RUPINSKAS, V. Pulse-decay method for 

measuring the thermal conductivity of living tissues. Journal of Biomechanical 

Engineering, Transactions of the ASME, vol. 103, p. 253-260, 1981. 

 

CHOI, S. R.; KIM, D. Measurement of thermal properties of microfluidic 

samples using laser point heating thermometry. Thermochimica Acta, vol. 455, 

n 1-2, p. 11-15, 2007. 

 

CHOI, S. R.; KIM, J.; KIM, D. 3 method to measure thermal properties of 

electrically conducting small-volume liquid. Review of Scientific Instruments, 

vol. 78, n 8, 084902, 2007. 

 

CODREANU, C.; CODREANU, N. –I.; OBREJA, V. V. N. Experimental set-up 

for the measurement of the thermal conductivity of liquids. Romanian Journal 

of Information Science and Technology, vol. 10, n 3, p. 215-231, 2007. 
 

CZICHOS, H.; SAITO, T.; SMITH, L. E. (Ed.). Springer handbook of materials 

measurement methods. Vol. 978. Springer Handbooks, 2006, 1208p. 

 

______. Springer handbook of metrology and testing. 2 ed. Springer 

Handbooks, 2011, 1500p. 

 

DING, Y.; CHEN, H.; WANG, L.; YANG, C. Y.; HE, Y.; YANG, W.; LEE, W. 

P.; ZHANG, L.; HUO, R. Heat transfer intensification using nanofluids. 

KONA Powder and Particle Journal, vol. 25, 2007. 

 

EASTMAN, J. A.; CHOI, U. S.; LI, S.; THOMPSON, L. J.; LEE, S. Enhanced 

thermal conductivity through the development of nanofluids. Fall Meeting of 

the Materials Research Society (MRS), Boston, EUA, 1996. 

 

FANG, L. Q.; SEN, L. R.; YAN, N. D.; CHUN, H. Y. Thermal conductivities of 

some organic solvents and their binary mixtures. Journal of Chemical Engineering 

Data, vol. 42, n 5, p. 971-974, 1997. 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



148 
 

FILIPPOV, L. P. Liquid thermal conductivity research at Moscow University. 

International Journal of Heat and Mass Transfer, vol. 11, n 2, p. 331-345, 1968. 

 

FONTANA, A. J.; VARITH, J.; IKEDIALA, J.; REYES, J.; WACKER, B. Thermal 

properties of selected foods using a dual needle heat-pulse sensor. ASAE Meeting 

Presentation, Paper n 996063, 1999. 
 

FUJII, M.; TAKAMATSU, H.; FUJII, T. Measurement of thermal conductivities 

of liquids mixtures by using a small bead thermistor. Proceedings of the 1
st
 

Asian Thermophysical Properties Conference, p. 462-467, 1986. 

 

FUJII, T.; FUJII, M. TAKAMATSU, H.; CHEN, Z. –S. A method for measuring 

thermal conductivity of fluids by using a small bead thermistor. Transactions of 

the Japan Society of Mechanical Engineers B, vol. 53, n 488, p. 1370-1378, 1987. 

 

FULLER, T. R.; FRICKE, A. L. Thermal conductivity of polymer melts. Journal 

of applied polymer science, vol. 15, n 7, p. 1729-1736, 1971. 
 

GANIEV, Y. A.; RASTORGUEV, Y. L. Thermal conductivity of organic liquids. 

Journal of Engineering Physics and Thermophysics, vol. 15, n 3, p. 880-886, 1968. 

 

GARCIA, L. C.; KUBICAR, L. Moisture transport through porous materials 

monitored by the hot ball method. Proceedings of Thermophysics 2009, p. 35-

42, 2009. 

 

GELDER, M. F. A thermistor based method for the measurement of thermal 

conductivity and thermal diffusivity of moist food materials at high 

temperatures. Virginia, 1998. 160p. Tese de doutorado. Faculdade do Instituto 

Politécnico, Universidade da Virginia. 

 

GIBBS, F. A. A thermoelectric blood flow recorder in the form of a needle. 

Proceedings of the Society for Experimental Biology and Medicine, vol. 31, n 1, 
p. 141-146, 1933. 

 

GILLAM, D. G.; LAMM, O. Precision measurements of the thermal 

conductivities of certain liquids using the hot wire method. Acta Chemica 

Scandinavica, vol. 9, nº 4, p. 657-660, 1955. 

 

GOVENDER, O.; RAREY, J.; MOLLER, B. C.; RAMJUGERNATH, D. A new 

group contribution method for the estimation of thermal conductivity for 

non-electrolyte organic compounds.  South African Chemical Engineers 

Conference (SACEC 2009). Disponível em <http://www.ddbst.com/files/Durban/ 

SACEC2009-TCN-Manuscript.pdf>. Acesso em: 12 de jul. 2012. 

 

GRAYSON, J. A method of determining blood flow by internal calorimetry. 

Journal of Physiology, vol. 114 (Suppl.), p. 29P, 1951a. 

 

______. Internal calorimetry. Journal of Physiology, vol. 115 (Suppl.), p. 29P, 

1951b. 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



149 
 

______. Internal calorimetry in the determination of thermal conductivity 

and blood flow. Journal of Physiology, vol. 118, n 1, p. 54-72, 1952. 

 

GROB, U.; SONG, Y. W.; HAHNE, E. Measurements of liquid thermal 

conductivity and diffusivity by the transient hot-strip method. Fluid Phase 

Equilibria, vol. 76, n 21, p. 273-282, 1992. 
 

GUIMARÃES, G. S.; SANTOS, P. R. F.; ORLANDO, A. F. Desenvolvimento de 

uma célula para medida de condutividade térmica de líquidos. In: ENCONTRO 

NACIONAL DE CIÊNCIAS TÉRMICAS – ENCIT 88, 2. 1988, Águas de 

Lindóia. Anais… Rio de Janeiro: ABCM, 1988. p. 117-120.  

 

GUSTAFSSON, S. E. Transient hot strip techniques for measuring thermal 

conductivity and thermal diffusivity. The Rigaku Journal, vol. 4, n 1/2, p. 16-

28, 1987. 

 

______. Transient plane source techniques for thermal conductivity and 

thermal diffusivity measurements of solid materials. Review of Scientific 

Instruments, vol. 62, n 3, p. 797-804, 1991. 
 

GUSTAFSSON, S. E.; KARAWACKI, E. Transient hot-strip probe for 

measuring thermal properties of insulating solids and liquids. Review of 

Scientific Instruments, vol. 54, n 6, p. 744-747, 1983. 

 

GUSTAFSSON, S. E.; KARAWACKI, E.; KHAN, M. N. Transient hot-strip 

method for simultaneously measuring thermal conductivity and thermal 

diffusivity of solids and fluids. Journal of Physics D: Applied Physics, vol. 12, 

n 9, p. 1411-1421, 1979. 
 

GUSTAVSSON, M.; GUSTAFSSON, S. E. On the use of transient plane source 

sensors for studying materials with direction dependent properties. In: 

DINWIDDIE, R. B. (Ed.). Thermal Conductivity 26 / Thermal Expansion 14. 

Destech Publications Inc., p. 367-377, 2005. 

 

______. Thermal conductivity as an indicator of fat content in milk. 

Thermochimica Acta, vol. 442, n 1-2, p. 1-5, 2006. 

 

HAMILTON, G. Investigation of the thermal properties of human and animal 

tissues. Glasgow, 1998. 139p. Tese de doutorado. Departamento de Física e 

Astronomia, Universidade de Glasgow. 

 

HAMMERSCHMIDT, U. Thermal transport properties of water and ice from 

one single expirement. International Journal of Thermophysics, vol. 23, n 4, p. 
975-996, 2002. 

 

HAMMERSCHMIDT, U.; SABUGA, W. Transient hot wire (THW) method: 

uncertainty assessment. International Journal of Thermophysics, vol. 21, n 6, p. 

1255-1278, 2000a. 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



150 
 

______. Transient hot strip (THW) method: uncertainty assessment. 

International Journal of Thermophysics, vol. 21, n 1, p. 217-248, 2000b. 

 

HAYES, L. J.; VALVANO, J. W. Steady-state analysis of self-heated thermistors 

using finite elements. Journal of Biomechanical Engineering, Transactions of the 

ASME, vol. 107, p. 77-80, 1985. 

 

HE, Y. Rapid thermal conductivity measurement with a hot disk sensor: Part 

2. Characterization of thermal greases. Thermochimica Acta, vol. 436, n 1-2, 
p. 130-134, 2005. 

 

HENKE, S.; KADLEC, P.; BUBNÍK, Z. Physico-chemical properties of 

ethanol – compilation of existing data. Journal of Food Engineering, vol. 99, p. 

497-504, 2010. 

 

HOLESCHOVSKY, U. B.; MARTIN, G. T.; TESTER, J. W. A transient 

spherical source method to determine thermal conductivity of liquids and 

gels. International Journal of Heat and Mass Transfer, vol. 39, n 6, p. 1135-1140, 

1996. 

 

HOT DISK AB. Technology. Disponível em <http://hotdiskinstruments.com>. 

Acesso em: 15 ago. 2012. 

 

HUANG, L.; LIU, L. –S. Simultaneous determination of thermal conductivity 

and thermal diffusivity of food and agricultural materials using a transient 

plane source method. Journal of Food Engineering, vol. 95, p. 179-185, 2009. 

 

HUTCHINSON, E. On the measurement of the thermal conductivity of 

liquids. Transactions of the Faraday Society, vol. 41, p. 87-90, 1945. 

 

INCROPERA, F. P.; DEWITT, D. P.; BERGMAN, T. L.; LAVINE, A. S. 

Fundamentos de transferência de calor e de massa. Tradução e revisão técnica 

Eduardo Mach Queiroz e Fernando Luiz Pellegrini Pessoa. 6 ed. Rio de Janeiro: 

Livros Técnicos e Científicos S.A., 2008, 643p.  

 

INSTITUTO NACIONAL DE METROLOGIA, QUALIDADE E TECNOLOGIA 

(INMETRO). Expressão da incerteza de medição na calibração. 1 ed. Rio de 

Janeiro, 1999a. 

 

______. Expressão da incerteza de medição na calibração: Suplemento 1 - 

Exemplos. 1 ed. Rio de Janeiro, 1999b. 

 

______. Vocabulário Internacional de Metrologia: conceitos fundamentais e 

gerais e termos associados (VIM 2012). 1ª Edição Luso-Brasileira. Rio de 

Janeiro, 2012a. 

 

______. Avaliação de dados de medição: guia para a expressão da incerteza 

de medição – GUM 2008. 1 ed. Rio de Janeiro, 2012b. 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



151 
 

INTERNATIONAL ASSOCIATION FOR THE PROPERTIES OF WATER AND 

STEAM (IAPWS). Release on the IAPWS formulation 2011 for the thermal 

conductivity of ordinary water substance. Disponível em <http://www.iapws. 

org>. Acesso em: 10/08/2012a. 

 

______. Releases and Guidelines: Online calculation for general and scientific 

use. Disponível em: <http:// www.iapws.org>. Acesso em: 2012b. 

 

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO). ISO/IEC 

17043: Conformity assessment – general requirements for proficiency testing. 

2010. 

 

______. Standards. Disponível em: <http:// www.iso.org>. Acesso em: 23 de 

dez. 2012. 

 

JAIN, R. K. Transient temperature distributions in an infinite, perfused 

medium due to a time-dependent, spherical heat source. Journal of 

Biomechanical Engineering, Transactions of the ASME, vol. 101, p. 82-86, 1979. 

 

JAMIESON, D. T. Thermal conductivity of liquids. Journal of Chemical and 

Engineering Data, vol. 24, n 3, p. 244-246, 1979. 

 

JAMIESON, D. T; CARTWRIGHT, G. Thermal conductivity of associated 

liquids. Journal of Chemical and Engineering Data, vol. 25, n 3, p. 199-201, 
1980. 

 

JAMIESON, D. T.; TUDHOPE, J. S. Physical properties of sea water solutions: 

thermal conductivity. Desalination, vol. 8, nº 3, p. 393-401, 1970. 

 

JANNOT, Y.; MEUKAM, P. Simplified estimation method for the determination 

of the thermal effusivity and thermal conductivity using a low cost hot strip. 

Measurement Science and Technology, vol. 15, n 9, p. 1932-1938, 2004.  

 

JULABO. Operating manual. N. 1.953.0351BU2, 29/11/2007, 55p. 
 

JUNG, J. –Y.; CHO, C.; LEE, W. H.; KANG, Y. T. Thermal conductivity 

measurement and characterization of binary nanofluids. International Journal 

of Heat and Mass Transfer, vol. 54, n 9-10, p. 1728-1733, 2011. 

 

KADJO, A.; GARNIER, J. –P.; MAYE, J. P.; MARTEMIANOV, S. A new 

transient two-wire method for measuring the thermal diffusivity of electrically 

conducting and highly corrosive liquids using small samples. International Journal 

of Thermophysics, vol. 29, n 4, 1267-1277, 2008. 
 

KANDIYOTI, R.; McLAUGHLIN, E.; PITTMAN, J. F. T. Thermal conductivity 

of liquid toluene at high pressures. Journal of the Chemical Society, Faraday 

Transactions 1: Physical Chemistry in Condensed Phases, vol. 69, p. 1953-1956, 

1973. 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



152 
 

KAYE & LABY. Table of contents: General physics. Disponível em: <http:// 

www.kayelaby.npl.co.uk>. Acesso em: 28/10/12.  

 

KAYE, G. W. C.; HIGGINS, W. F. The thermal conductivities of certain 

liquids. Proceedings of the Royal Society of London, Series A, Mathematical, 

Physical and Engineering Sciences, vol. 117, p. 459-470, 1928. 

 

KHAN, M. H. Modeling, simulation and optimization of ground source heat 

pump systems.  Oklahoma, 2004. 218p. Dissertação de mestrado. Universidade 

Estadual de Oklahoma. 

 

KLASS, D. M.; VISWANATH, D. S. A correlation for the prediction of thermal 

conductivity of liquids. Industrial and Engineering Chemical Research, vol. 37, p. 

2064-2068, 1998. 

 

KLEINSTREUER, C.; FENG, Y. Experimental and theoretical studies of 

nanofluid thermal conductivity enhancement: a review. Nanoscale Research 

Letters, 6:229, 2011. 

 

KONINCK, D. Thermal conductivity measurements using the 3-omega 

technique: application to power harvesting microsystems. Montreal, 2008. 

106p. Dissertação de mestrado. Faculdade de Engenharia, Universidade McGill. 

 

KOREA THERMOPHYSICAL PROPERTIES DATA BANK (KDB). KDB: 

Pure components properties. Disponível em: <http:// www.cheric.org>. Acesso 

em: 2012. 

 

KUBICAR, L. Hot-Ball sensors [mensagem pessoal]. Mensagem recebida por 

<jdbrionizio@inmetro.gov.br> em 26 jan. 2012. 

 

KUBICAR, L.; BAGEL, L.; VRETENAR, V.; STOFANIK, V. Validation test of 

the hot ball method for setting of the cement paste. Proceedings of the Meeting 

of the Thermophysical Society – Thermophysics 2005, ICA SAS, p. 38-42, 2005. 

 

KUBICAR, L.; FRIDRIKOVA, D.; VRETENAR, V.; VLCKO, J.; GREIF, V.; 

BRCEK, M.; SIMKOVA, I. Monitoring of temperature-moisture regime of 

rock massive at SpisCastle. Proceedings of the 16
th

 International Meeting of 

Thermophysical Society – Thermophysics 2011, p. 235-241, 2011. 

 

KUBICAR, L.; HAMMERSCHMIDT, U.; FRIDRIKOVA, D.; DIESKA, P. 

VRETENAR, V. Measuring regime and accuracy of the transient hot-ball 

method. Proceedings of Thermophysics 2010, p. 166-171, 2010. 

 

KUBICAR, L.; STOFANIK, V.; BOHAC, V.; DIESKA, P. Theory and 

experiments by hot ball method for measurement of thermal conductivity. 

Proceedings of Thermophysics 2008, p. 94-101, 2008b. 

 

KUBICAR, L.; STOFANIK, V.; BOHAC, V.; HAMMERSCHMIDT, U. Factors 

influencing measurements of the thermal conductivity by hot ball method. 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



153 
 

Proceedings of the Meeting of the Thermophysical Society – Thermophysics 

2007, p. 62-75, 2007. 

 

KUBICAR, L.; VRETENAR, V.; STOFANIK, V.; BAGEL, L. Thermophysical 

sensors: theory and application of the hot ball. Proceedings of the Meeting of 

the Thermophysical Society – Thermophysics 2006, p. 28-35, 2006. 

 

KUBICAR, L.; VRETENAR, V.; STOFANIK, V.; BOHAC, V. Hot-ball method 

for measuring thermal conductivity. International Journal of Thermophysics, 

vol. 31, n 10, p. 1904-1918, 2008a. 

 

KUSIAK, A.; PRADERE, C.; BATTAGLIA, J. L. Measuring the thermal 

conductivity of liquids using photo-thermal radiometry. Measurement Science 

and Technology, vol. 21, n 1, p. 1-6, 2010.  
  

LAKSHMI, D. S.; PRASAD, D. H. L. A rapid estimation method for thermal 

conductivity of pure liquids. The Chemical Engineering Journal, vol. 48, p. 211-

214, 1992. 

 

LANGE, N. A. Lange’s handbook of chemistry: a reference volume for all 

requiring ready access to chemical and physical data used in laboratory work 

and manufacturing. 10 ed. McGraw-Hill, 1967. 

 

LATINI, G. An estimation method for the thermal conductivity of the 

refrigerants in the liquid state. International Refrigeration and Air Conditioning 

Conference, 2008. 

 

LATINI, G.; GRIFONI, R. C.; PASSERINI, G. Transport properties of organic 

liquids. WIT Press, 2006, 186p. 

 

LEE, S. M. Thermal conductivity measurement of fluids using the 3 method. 

Review of Scientific Instruments, vol. 80, n 2, 024901, 2009. 
 

LEI, Q.; HOU, -C. Y.; LIN, R. A new correlation for thermal conductivity of 

liquids. Chemical Engineering Science, vol. 52, n 8, p. 1243-1251, 1997. 

 

LIN, S. H.; EYRING, H.; DAVIS, W. J. Thermal conductivity of liquids. The 

Journal of Physical Chemistry, vol. 68, n 10, p. 3017-3020, 1964. 
 

LIU, M. S.; LIN, M. C. C.; HUANG, I. T.; WANG, C. C. Enhancement of 

thermal conductivity with carbon nanotube for nanofluids. International 

Communications in Heat and Mass Transfer, vol. 32, n 9, p. 1202-1210, 2005. 

 

______. Enhancement of thermal conductivity with CuO for nanofluids. 

Chemical Engineering and Technology, vol. 29, n 1, p. 72-77, 2006. 
 

LOSENICKY, Z. Thermal conductivity of binary liquid solutions. Journal of 

Physical Chemistry, vol. 72, n 12, p. 4308-4310, 1968.  

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



154 
 

LU, L.; YI, W.; ZHANG, D. L. 3 method for specific heat and thermal 

conductivity measurements. Review of Scientific Instruments, vol. 72, n 7, p. 
2996-3003, 2001. 

 

MAGOMEDOV, Y. B.; GADJIEV, G. G. High-temperature thermal 

conductivity of silicon in the solid and liquid states. High Temperature, vol. 46, 

n 3, p. 422-424, 2008.  

 

______. High-temperature thermal conductivity and electrical conductivity of 

ZnSnAs2 in the solid and liquid states. High Temperature, vol. 48, n 2, p. 288-
290, 2010. 

 

MAQSOOD, A.; AMIN, N.; MAQSOOD, M.; SHABBIR, G.; MAHMOOD, A.; 

GUSTAFSSON, S. E. Simultaneous measurements of thermal conductivity 

and thermal diffusivity of insulators, fluids and conductors using the 

transient plane source (TPS) technique. International Journal of Energy 

Research, vol. 18, n 9, p. 777-782, 1994. 

 

MARGOLIS, S. A. Systematic errors in measurement of moisture by Karl 

Fischer methods. Papers and Abstracts from the Third International Symposium 

on Humidity and Moisture (ISHM), 1998. 

 

MARUYAMA, S.; KIMURA, T. A Study on thermal resistance over a soli-liquid 

interface by the molecular dynamics method. Thermal Science and Engineering, 

vol. 7, n 1, 1999. 
 

MATTAR, F. N. Pesquisa de marketing. 6 ed., v. 1. São Paulo: Atlas, 2005. 
 

MELINDER, A. Thermophysical properties of aqueous solutions used as 

secondary working fluids. Estocolmo, 2007. 130p. Tese de doutorado. Escola de 

Engenharia Industrial e Gestão do Instituto Real de Tecnologia. 

 

METROHM. Products. Disponível em: <http:// www.metrohm.com>. Acesso 

em: 23 de dez. 2012. 

 

MIN, S.; BLUMM, J.; LINDEMANN, A. A new laser flash system for 

measurement of the thermophysical properties. Thermochimica Acta, n 455, 

p. 46-49, 2007.   

 

MOON, I. K.; JEONG, Y. H.; KWUN, S. I. The 3 technique for measuring 

dynamic specific heat and thermal conductivity of a liquid or solid. Review of 

Scientific Instruments, vol. 67, n 1, p. 29-35, 1996. 

 

MORRIS, A. S. Measurement and instrumentation principles. 3 ed. Butterworth-

Heinemann, Reed Educational and Professional Publishing Ltd., 2001, 475p. 

 

 

MURAMATSU, Y.; TAGAWA, A.; KASAI, T. Thermal conductivity of several 

liquids foods. Food Science Technology Research, vol. 11, n 3, p. 288-294, 2005.  
 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



155 
 

NAGAI, H.; ROSSIGNOL, F.; NAKATA, Y.; TSURUE, T. SUZUKI, M.; 

OKUTANI, T. Thermal conductivity measurement of liquid materials by a 

hot-disk method in short-duration microgravity environments. Materials 

Science and Engineering: A, vol. 276, n 1-2, p. 117-123, 2000. 

 

NAGASAKA, Y.; NAGASHIMA, A. Absolute measurement of the thermal 

conductivity of electrically conducting liquids by the transient hot-wire 

method. Journal of Physics E: Scientific Instruments, vol. 14, n 12, p. 1435-
1440, 1981. 

 

NAGVEKAR, M.; DAUBERT, T. E. A group contribution method for liquid 

thermal conductivity. Industrial and Engineering Chemical Research, vol. 26, p. 

1362-1365, 1987. 

 

NGUYEN, L. T.; BALASUBRAMANIAM, V. M. Determination of in-situ 

thermal conductivity, thermal diffusivity, volumetric specific heat and 

isobaric specific heat of selected foods under pressure. International Journal of 

Food Properties, vol. 15, nº 1, p. 169-187, 2012. 

 

OLIVEIRA, E. P.; SILVA, Z. E.; SILVA, C. K. F. The flash method to the 

measurement of the thermal properties of yogurt. Proceedings of the 20
th
 

International Congress of Mechanical Engineering (COBEM 2009). Gramado, 

Brasil, 2009. 

 

OLIVEIRA, S. D.; CAMARGO, D.; MACHADO, P. P.; BORGES, S. V. 

Condutividade térmica do suco de laranja. Revista Brasileira de Produtos 

Agroindustriais, vol. 3, n 1, p. 101-104, 2001. 

 

PAK, B. C.; CHO, Y. I. Hydrodynamics and heat transfer study of dispersed 

fluids with submicron metallic oxide particles. Experimental Heat Transfer, 

vol. 11, n 2, p. 151-170, 1998. 
 

PALMER, G. Thermal conductivity of liquids. Industrial and Engineering 

Chemistry, vol. 40, nº 1, p. 89-92, 1948. 

 

PARKER, W. J.; JENKINS, R. J.; BUTLER, C. P.; ABBOT, G. L. Flash method 

of determining thermal diffusivity, heat capacity, and thermal conductivity. 

Journal of Applied Physics, vol. 32, n 9, p. 1679-1684, 1961. 

 

PATEL, H. E.; DAS, S. K.; SUNDARAJAN, T.; NAIR, A. S.; GEORGE, B.; 

PRADEEP, T. Thermal conductivities of naked and monolayer protected metal 

nanoparticle based nanofluids: manifestation of anomalous enhancement and 

chemical effects. Applied Physics Letters, vol. 83, n 14, p. 2931-2933, 2003. 
 

PATEL, P. A.; VALVANO, J. W.; PEARCE, J. A.; PRAHL, S. A.; DENHAM, C. R. 

A self-heated thermistor technique to measure effective thermal properties from 

the tissue surface. Journal of Biomechanical Engineering, Transactions of the 

ASME, vol. 109, p. 330-335, 1987. 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



156 
 

POLIN, B. E.; PRAUSNITZ, J. M.; O’CONNELL, J. P. The properties of gases 

and liquids. 5 ed. McGraw-Hill, 2001. 

 

POLTZ, H.; JUGEL, R. The thermal conductivity of some organic liquids 

between 30 and 190 C. International Journal of Heat and Mass Transfer, vol. 25, 

n 8, p. 1093-1101, 1982. 
 

R, S.; ANANDAN, S. S.; RAMALINGAM, V. Heat transfer enhancement using 

nanofluids: an overview. Thermal Science, vol. 16, n 2, p. 423-444, 2012. 

 

RADHAKRISHNAN, S. Measurement of thermal properties of seafood. 

Virginia, 1997. 83p. Dissertação de mestrado. Faculdade do Instituto Politécnico, 

Universidade da Virginia. 

 

RAMIRES, M. L. V.; de CASTRO, C. A. N; NAGASAKA, Y.; NAGASHIMA, A.; 

ASSAEL, M. J.; WAKEHAM, W. A. Standard reference data for the thermal 

conductivity of water. Journal of Physical and Chemical Reference Data, vol. 24, n 
3, p. 1377-1381, 1995. 

 

RASTORGUEV, Y. L.; GANIEV, Y. A.; SAFRONOV, G. A. Some problems in 

measuring thermal conductivity using the coaxial cylinders method. II. 

Journal of Engineering Physics and Thermophysics, vol. 33, n 2, p. 925-929, 

1977. 

 

RIBEIRO, A. P. C.; LOURENÇO, M. J. V.; SANTOS, F. J. V.; SERRA, J. M.; 

De CASTRO, C. A. N. Design of new hot-strip sensors to measure thermal 

conductivity of ionic liquid systems. International Workshop on Ionic Liquids – 

Seeds for New Engineering Applications, Lisboa, Portugal, 2012. 

 

SANTOS, P. R. F.; PETKOVIC, S. G. Curso de termometria de contato. 

Inmetro, Duque de Caxias, RJ, 2003. 

 

SAHIN, S.; SUMNU, S. G. Physical properties of foods. Springer, 2006. 257p. 

 

SCHMIDT, R. J.; MILVERTON, S. W. On the instability of a fluid when 

heated from below. Proceedings of the Royal Society of London, Series A, 

Mathematical, Physical and Engineering Sciences, vol. 152, p. 586-594, 1935. 

 

SCHNEIDER, A. Thermal conduction. In: BENTLEY, R. E (Ed.). Handbook of 

temperature measurement: Temperature and humidity measurement. Vol. 1. 

Springer-Verlag, p. 163-184, 1998. 

 

SCHROCK, V. E.; STARKMAN, E. S. Spherical apparatus for measuring 

thermal conductivity of liquids. Review of Scientific Instruments, vol. 29, n 7, 
p. 625-629, 1958. 

 

SMITH, J. F. D. Thermal conductivity of liquids. Industrial and Engineering 

Chemistry, vol. 22, nº 11, p. 1246-1251, 1930. 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



157 
 

STUPAK, P. M.; AIZEN, A. M.; YAMPOL’SKII, N. G. The determination of 

thermal conductivity by the method of coaxial cylinders. Journal of Engineering 

Physics and Thermophysics, vol. 19, n 1, p. 853-857, 1970. 

 

SUNDÉN, B. Introduction to heat transfer. Wit Press, 2012, 344p. 

 

TADA, Y.; HARADA, M.; TANIGAKI, M.; EGUCHI, W. Laser flash method for 

measuring thermal conductivity of liquids – Application to low thermal 

conductivity liquids. Review of Scientific Instruments, vol. 49, n 9, p. 1305-1315, 
1978. 

 

______. Laser flash method for measuring thermal conductivity of liquids. 

Application to molten salts. Industrial and Engineering Chemistry Fundamentals, 

vol. 20, n 4, p. 333-336, 1981. 

 

TAKAMATSU, H.; INADA, K.; UCHIDA, S.; TAKAHASHI, K.; FUJII, M. 

Feasibility study of a novel technique for measurement of liquid thermal 

conductivity with a micro-beam sensor. International Journal of Thermophysics, 

vol. 31, n 4-5, p. 888-899, 2010. 
 

TANAKA, M.; GIRARD, G.; DAVIS, R.; PEUTO, A.; BIGNELL, N. 

Recommended table for the density of water between 0 C and 40 C based on 

recent experimental reports. Metrologia, vol. 38, p. 301-309, 2001. 

 

THIRUMALESHWAR, M. Fundamentals of heat and mass transfer. 2 ed. 

Pearson Education India, 2006, 766p.  

 

TRANSIENT MEASUREMENT SYSTEMS. Products. Disponível em: <http:// 

www.transientms.com>. Acesso em: 15 de jun. 2012. 

 

______. RTM Manager 1.41. User’s guide (Hot Ball method). Version 1.92, 

2011, 27p. 

 

TREE, D. R.; LEIDENFROST, W. Prediction of minor heat losses in a thermal 

conductivity cell and other calorimeter type cells. In: FLYNN, D. R.; PEAVY, B. 

A. (Ed.). Thermal Conductivity: Proceedings of the Seventh Conference. Vol. 

302. National Bureau of Standards, p. 633-658, 1968. 

 

U. S. SENSOR. Thermistors. Disponível em: <http://www.ussensor.com>. Acesso 

em: 13 de set. 2012. 

 

VALVANO, J. W.; ALLEN, J. T.; BOWMAN, H. F. The simultaneous 

measurement of thermal conductivity, thermal diffusivity, and perfusion in 

small volumes of tissue. Journal of Biomechanical Engineering, Transactions of 

the ASME, vol. 106, p. 192-197, 1984. 

 

VALVANO, J. W.; COCHRAN, J. R.; DILLER, K. R. Thermal conductivity 

and diffusivity of biomaterials measured with self-heated thermistors. 

International Journal of Thermophysics, vol. 6, n 3, p. 301-311, 1985. 
 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



158 
 

VARGAFTIK, N. B.; OLESHCHUK, O. N.; BELYAKOVA, P. E. Experimental 

investigation of the thermal conductivity of heavy water. Atomic Energy, vol. 

7, nº 5, p. 931-934, 1961. 

 

VENART, J. E. S. Liquid thermal conductivity measurements. Journal of 

Chemical and Engineering Data, vol. 10, n 3, p. 239-241, 1965. 

 

VENKANNA, B. K. Fundamentals of heat and mass transfer. PHI Learning 

Pvt. Ltd., 2010, 492p. 

 

VISSCHER, G. J. W. Humidity and moisture measurement. In: The measurement, 

instrumentation and sensors handbook on CD-ROM. CRC Press LLC, 2000.  

 

VON HERZEN, R.; MAXWELL, A. E. The measurement of thermal conductivity 

of deep-sea sediments by a needle-probe method. Journal of Geophysical 

Research, vol. 64, n 10, p. 1557-1563, 1959. 
 

WAN, M.; YADAV, R. R.; YADAV, K. L.; YADAW, S. B. Synthesis and 

experimental investigation on thermal conductivity of nanofluids containing 

functionalized polyaniline  nanofibers. Experimental Thermal and Fluid Science, 

vol. 41, p. 158-164, 2012. 

 

WANG, F. A.; ZHU, J. Q.; CHEN, H. S.; WANG, W. C.; JIANG, Y. L. A new 

model of thermal conductivity of liquids. Chemical Engineering Journal, vol. 78, p. 

187-191, 2000. 

 

WANG, X.; XU, X.; CHOI, S. U. S. Thermal conductivity of nanoparticles – 

fluid mixture. Journal of Thermophysics and Heat Transfer, vol. 13, n 4, p. 474-

480, 1999. 

 

WEBSTER, J. G. The measurement, instrumentation, and sensors handbook. 

CRC Press LLC, 1999, 1500p.  

 

XIE, H.; CHENG, S. A fine needle probe for determining the thermal 

conductivity of penetrable materials. Measurement Science and Technology, 

vol. 12, nº 1, p. 58-62, 2001. 

 

XIE, H.; WANG, J.; XI, T.; LIU, Y.; AI, F.; WU, Q. Thermal conductivity 

enhancement of suspensions containing nanosized alumina particles. Journal 

of Applied Physics, vol. 91, n 7, p. 4568-4572, 2002. 
 

XUAN, Y.; LI, Q. Heat transfer enhancement of nanofluids. International 

Journal of Heat and Fluid Flow, vol. 21, n 1, p. 58-64, 2000. 

 

XUE, L.; KEBLINSKI, P.; PHILLPOT, S. R.; CHOI, S. U. –S.; EASTMAN, J. A. 

Two regimes of thermal resistance at a liquid-solid interface. Journal of 

Chemical Physics, vol. 118, n 1, 2003.  
 

ZHANG, H.; CHENG, S.; HE, L.; ZHANG, A.; ZHENG, Y.; GAO, D. 

Determination of thermal conductivity of biomaterials in the temperature 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



159 
 

range 233-313 K using a tiny detector made of a self-heated thermistor. Cell 

Preservation Technology, vol. 1, n 2, p. 141-147, 2002. 

 

ZHANG, H.; HE, L.; CHENG, S.; ZHAI, Z.; GAO, D. A dual-thermistor probe 

for absolute measurement of thermal diffusivity and thermal conductivity by 

the heat pulse method. Measurement Science and Technology, vol. 14, n 8, p. 
1396-1401, 2003. 

 

ZHANG, X.; FUJII, M. Simultaneous measurements of the thermal 

conductivity and thermal diffusivity of molten salts with a transient short-

hot-wire method. International Journal of Thermophysics, vol. 21, n 1, p. 71-84, 

2000. 

 

ZIEBLAND, H.; BURTON, J. T. A. The thermal conductivity of liquid and 

gaseous oxygen. British Journal of Applied Physics, vol. 6, n 12, p. 416-420, 
1955.  

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



160 
 

APÊNDICE A 

 

 

 

 

T em função de Q  para o item 01 em água destilada 

 

 
 

 

 

 

 

T em função de Q  para o item 01 em etanol 
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Continuação do APÊNDICE A 

 

 

 

 

T em função de Q  para o item 02 em água destilada 

 

 

 

 

 

 

 

T em função de Q  para o item 02 em etanol 
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APÊNDICE B 

 

Fatores de abrangência para vários graus de liberdade em diversos níveis de 

confiança – GUM 2008 (Inmetro, 2012b) 

 

 

DBD
PUC-Rio - Certificação Digital Nº 0821765/CA



163 
 

APÊNDICE C 

 

 

 

 

Ajuste da curva de regressão de Q /T   - Item 01 

 

 
 

 

 

 

 

Ajuste da curva de regressão de Q /T   - Item 02 
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APÊNDICE D 

 

Coeficiente de sensibilidade de k em relação à razão experimental Q /T 

 

Função  = Q /T das variáveis independentes k e  
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Ajuste das curvas de regressão dos itens 01 e 02 
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Porém, f = 0 e df = 0. Assim, substituindo: 
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APÊNDICE E 

 

Estimativa da incerteza de medição de k para o item 01 

 

Água destilada 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00021 W/C Normal 2 -132,447 -0,0138  

kL 0,0019 W/m. C Normal 1 1 0,0019 15384 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000008 W/C Normal 1 -132,447 -0,0011  

Incerteza combinada uC 0,0139  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,028  

75% Água + 25% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00016 W/C Normal 2 108,269 0,0087  

kL 0,0037 W/m. C Normal 1 1 0,0037 171 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000008 W/C Normal 1 108,269 0,0009  

Incerteza combinada uC 0,0095  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,019  

50% Água + 50% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00018 W/C Normal 2 82,593 0,0074  

kL 0,0025 W/m. C Normal 1 1 0,0025 392 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000008 W/C Normal 1 82,593 0,0007  

Incerteza combinada uC 0,0079  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,016  

25% Água + 75% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00014 W/C Normal 2 74,313 0,0053  

kL 0,0015 W/m. C Normal 1 1 0,0015 594 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000008 W/C Normal 1 74,313 0,0006  

Incerteza combinada uC 0,0056  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,011  

Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00008 W/C Normal 2 81,890 0,0032  

kL 0,0013 W/m. C Normal 1 1 0,0013 273 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000008 W/C Normal 1 81,890 0,0007  

Incerteza combinada uC 0,0035  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,007  
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Continuação do APÊNDICE E 

 

Estimativa da incerteza de medição de k para o item 02 

 

Água destilada 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00030 W/C Normal 2 117,649 0,0178  

kL 0,0019 W/m. C Normal 1 1 0,0019 43756 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000025 W/C Normal 1 117,649 0,0029  

Incerteza combinada uC 0,0181  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,036  

75% Água + 25% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00022 W/C Normal 2 121,913 0,0132  

kL 0,0037 W/m. C Normal 1 1 0,0037 824 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000025 W/C Normal 1 121,913 0,0030  

Incerteza combinada uC 0,0140  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,028  

50% Água + 50% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00017 W/C Normal 2 101,574 0,0088  

kL 0,0025 W/m. C Normal 1 1 0,0025 827 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000025 W/C Normal 1 101,574 0,0025  

Incerteza combinada uC 0,0095  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,019  

25% Água + 75% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00015 W/C Normal 2 74,373 0,0055  

kL 0,0015 W/m. C Normal 1 1 0,0015 777 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000025 W/C Normal 1 74,373 0,0019  

Incerteza combinada uC 0,0060  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,012  

Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

Q /T 0,00017 W/C Normal 2 55,254 0,0047  

kL 0,0013 W/m. C Normal 1 1 0,0013 1146 

Resolução 0,001 W/m. C Retangular 3,46 1 0,0003  

Ajuste 0,000025 W/C Normal 1 55,254 0,0014  

Incerteza combinada uC 0,0050  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 0,010  
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APÊNDICE F 

 

 

Estimativa da incerteza de medição do teor de água para o item 01 

 

 

 

75% Água + 25% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

k 0,019 W/m. C Normal 2 168 1,586  

Resolução 0,1 % Retangular 3,46 1 0,029  

Ajuste 0,39 % Normal 1 1 0,390  

Incerteza combinada uC 1,63  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 3,3  

 

 

50% Água + 50% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

k 0,016 W/m. C Normal 2 248 1,980  

Resolução 0,1 % Retangular 3,46 1 0,029  

Ajuste 0,39 % Normal 1 1 0,390  

Incerteza combinada uC 2,02  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 4,0  

 

 

25% Água + 75% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

k 0,011 W/m. C Normal 2 345 1,891  

Resolução 0,1 % Retangular 3,46 1 0,029  

Ajuste 0,39 % Normal 1 1 0,390  

Incerteza combinada uC 1,93  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 3,9  

 

 

5% Água + 95% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

k 0,008 W/m. C Normal 2 406 1,583  

Resolução 0,1 % Retangular 3,46 1 0,029  

Ajuste 0,39 % Normal 1 1 0,390  

Incerteza combinada uC 1,63  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 3,3  
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Continuação do APÊNDICE F 

 

 

Estimativa da incerteza de medição do teor de água para o item 02 

 

 

 

75% Água + 25% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

k 0,028 W/m. C Normal 2 178 2,493  

Resolução 0,1 % Retangular 3,46 1 0,029  

Ajuste 0,39 % Normal 1 1 0,390  

Incerteza combinada uC 2,52  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 5,0  

 

 

50% Água + 50% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

k 0,019 W/m. C Normal 2 244 2,315  

Resolução 0,1 % Retangular 3,46 1 0,029  

Ajuste 0,39 % Normal 1 1 0,390  

Incerteza combinada uC 2,35  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 4,7  

 

 

25% Água + 75% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

k 0,012 W/m. C Normal 2 339 2,029  

Resolução 0,1 % Retangular 3,46 1 0,029  

Ajuste 0,39 % Normal 1 1 0,390  

Incerteza combinada uC 2,07  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 4,1  

 

 

5% Água + 95% Etanol 

Grandeza Valor Unidade Distribuição Divisor ci u
 

eff 

k 0,011 W/m. C Normal 2 423 2,324  

Resolução 0,1 % Retangular 3,46 1 0,029  

Ajuste 0,39 % Normal 1 1 0,390  

Incerteza combinada uC 2,36  

Fator de abrangência  (95,45%) 2,0  

Incerteza expandida U 4,7  
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