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TLC LITERATURE REVIEW (C) 
THERMAL MAPPING AND NON-DESTRUCTIVE TESTING 

 
 
 

This review was compiled during  the 1990’s.  It is intended to be both an introduction and a guide.  It contains references 
to a wide range of different thermal mapping and NDT applications. It is not claimed to be an exhaustive study, and 
apologies are offered to authors whose publications have not been included. 

 
 
DEFINITIONS 
 
Thermal mapping can be defined as the measurement of the temperature of a surface at enough points on the surface to 
build up a picture of temperature differences across it. 
 
Non-destructive testing (NDT) is assumed here to comprise thermal mapping applications outside the medical area of 
thermographic skin temperature measurements.   

 
 
APPLICATIONS 
 
General information on the use of TLCs in NDT applications is widely available in the literature (e.g. 1-16, 65-68).  Special 
equipment is not usually necessary, although apparatus has been developed for special cases (e.g. 17, 18).  Some 
representative examples of specific applications are reviewed below; the coverage is not exhaustive since most articles 
describe essentially the same approach applied to a large number of different test items. 
 
Flaws, bonding faults and internal defects have been detected in composites, laminates and honeycomb structures (6, 7, 
15, 19-38).  Surface and sub-surface flaws can be detected in metals e.g. Lueder lines (regions of unstable plastic flow) in 
aluminum and aluminum alloys (19, 22), welded metals (39-41) e.g. cracks, voids or leaks in pressure vessels (8, 42) and 
metal adhesive bonds (19, 30, 43).  Laminations in sheet metal caused by hot or cold rolling (5), stress areas and potential 
fracture sites in metals (23) and defects in springs (4, 26) have also been detected.  Other studies have addressed the 
localization of plastic deformations during fatigue tests of metals (44), the detection of shrinkage cavities in metal castings 
(11), the testing of the thermal isolation of aluminum rivets (27) and the temperature distribution on the surface of heating coils 
(5). 
 
Thermal mapping with TLCs has been used to test ordinary printed circuits (4, 6, 7, 42, 45, 46-48, 69) and multilayer printed 
circuit boards (22, 49) for electrical shorts and to inspect high resistance connections on circuit boards (8, 30).  Shorts in field 
effect transformers (49) have been detected and the temperature pattern of resistors (8, 45, 51, 27), transistors (45, 51) and 
transducers (52) have been visualized.  Other applications cover the determination of deposits on thin film resistors (50), the 
detection of inhomogeneities in sapphire substrates of IR detectors (53), the observations of switching phenomena in Au, B or 
Si films (54, 55) and Zr-ZrO2-Au junctions (56) and the effects of annealing and laser irradiation on amorphous films of As, Te 
and Ge (57).  Discontinuities of electrical conductors embedded in automobile windshields (58), heat leaks of refrigerator 
doors (59) and heat patterns generated by vibrations of piezoelectric transducers (52, 60) and miniaturized ultra-high 
frequency devices (61) have also been detected. 
 
Restricted coolant channels of aerospace components (19, 22), flaws in coalescers used for the filtration of jet fuel (62-64), 
non-uniformities of the resistive coatings of aircraft/spacecraft windows (22, 40) and hot spots for miniature heaters for 
spacecraft (49) have all been visualized.General reference to the use of TLCs as heat flux sensors has also been made (70). 
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Since the 1990`s when this review was originally compiled, the use of the materials in engineering research is continuing to 
grow. More detailed information is given in TLC Literature Review (B).  Areas where TLCs have already made important 
contributions include flow visualization studies, wind tunnel experiments, general temperature field indication and heat 
transfer measurements (71-106).  The materials can also be used in fluids as well as in air (107-111).  The results of such 
research studies are having an ever-increasing commercial impact as information previously unobtainable or only able to be 
collected over very long periods of time can now be acquired comparatively easily and rapidly.  TLCs have been used as both 
the unsealed liquids and in the microencapsulated form. In addition, studies have also used the shift of the color band of 
unencapsulated mixtures caused by shearing actions of air and water flows (112-114).  Cholesterics have also been used in 
the NASA space program aboard Apollo 14 (115-117) and Apollo 17 (118-120) as temperature indicators in low gravity 
environments and to estimate heat flow through textiles (121). 

 
 
REFERENCES 
 
  1. Brown S.P., AGARdograph, AG-201 Vol. 1, 449 (1975) 
 
  2. Dixon G.D., Mater. Eval., 35, 51 (1977) 
 
  3. Fergason J.L., Appl. Opt., 7, 1729 (1968) 
 
  4. Hampel B., Z. Werkstofftech., 3, 149 (1972) 
 
  5. Kopp W.U., Prakt. Metallogr., 9, 370 (1972) 
 
  6. Magne M., Pinard P., Thome P. and Chretien N., Colloq. Met., 12, 241 (1968) 
 
  7. Magne M., Pinard P., Thome P. and Chretien N., Bull. Inform. Sci. Tech. (Paris), 136, 45 (1969) 
 
  8. Manaranche J.C., J. Phys. D., 5, 1120 (1972) 
 
  9. Mock J.A., Materials Eng., 69, 66 (1969) 
 
 10. Sharpless E.N., Mater. Eval., 42, 52 (1984) 
 
 11. Pazdur M., Hutnik, 37, 205 (1970) 
 
 12. Rieck D. and Wagner A., Proc. S. Dak. Acad. Sci., 50, 287 (1971) 
 
 13. Wall M.A., UK At. Energy Res. Estab. Bibliogr., AERE-B-b 181 (1972) 
 
 14. Williams J.H., Felanchak B.R. and Nagem R.J., Mater. Eval., 41, 190 (1983) 
 
 15. Frick A., Z. Werkstofftech., 17, 292 (1986) 
 
 16. Klyukin L.M., Lisov A.A. and Lobenko A.A., USSR Patent 1,208,485 A (1983) 
 
 17. Wank M.R., US Patent 3,569,709 (1968) 
 
 18. Waterman G.L. and Woodmansee W.E., US Patent 3,439,525 (1969) 
 
 19. Woodmansee W.E., and Southworth H.L., Proc. Int. Conf. Nondestr. Test., 5th, 1967, p.81 
 
 20. Brown S.P., Mater. Eval., 26, 163 (1968) 
 
 21. Boettcher B., Gross D. and Mundry E., Materialpruefung, 11, 156 (1969) 
 
 22. Woodmansee W.E., Appl. Opt., 7, 1721 (1968) 
 
 23. Forman C.M., U.S. Nat. Tech. Inform. Serv. Rep. AD 878790 (1970) 
 
 24. Brown S.P., Appl. Polym. Symp., 19, 463 (1972) 
 
 25. Boettcher B. and Gross D., Umschau, 574 (1969) 
 
 26. Parisi A.J., Prod. Eng., 39, 19, (1968) 
  
 27. Simcox T.A., AIAA Report A69-25293 (1969) 
 
 28. Broutman L.J., Kubayashi T. and Carillo D., J. Compos. Mater., 3, 702 (1969) 
 
 29. Brown S.P., US Clearinghouse Fed. Sci. Tech. Inform., AD 1967, AD-816482 
 
 30. Woodmansee W.E., Mater. Eval., 24, 564,571 (1966) 
 
 31. Schaum R.T., US NTIS, AD Rep. No. AD-A032322 (1976) 
 
 32. Williams J.H., Mansouri S.H. and Lee S.S., UK J. NDT, 22, 184 (1980) 
 
 33. Williams J.H. and Lee S.S., UK J. NDT, 24, 76 (1982) 
 



 

                                                              www.hallcrest.com Glenview, IL                                RT0004 Rev01 
 

3

 34. Kobayashi A. and Suemansu H., ASTM Spec. Tech. Publ., 864, (Recent Adv. Compos. U.S. Jpn.) 522-31 (1985) 
 
 35. Altmann O., Kunststuffe 75, 487 (1985) 
 
 36. Altmann O. and Winter L.R., Kunststoffe 73, 143 (1983) 
 
 37. Williams J.H.Jr. and Nagem R.J., Mater. Eval., 41, 202 (1983) 
 
 38. Gamidov M.S., Legusha F.F. and Finagin B.A., USSR Patent 1,185,223 A (1983) 
 
 39. Perry M.H., NASA Rep. N70-35867 (1970) 
 
 40. Steinicke H.E., DD Patent Appl., 224670A (1984) 
 
 41. Steinicke H.E., DD Patent Appl., 236175A (1985) 
 
 42. Woodmansee W.E. and Southworth H.L., Mater. Eval., 26, 149 (1968) 
 
 43. La Marr Sabourin, NASA Report TM-X-57823 (1966) 
 
 44. Wielke B. and Stanzl S., Ultrasonics, 14, 227 (1976) 
 
 45. Grzejdziak E., Rogowski A., Szylhabel R., Szymanski A. and Hejwowski J., Elektronika (Warsaw), 13, 234 (1972) 
 
 46. Uhls D.L., IBM Tech. Discl. Bull, 15, 1670 (1972) 
 
 47. Zhuk I.P., Karolik V.A., Mikhailov U.S. and Stepanov V.P., Vesti Akad. Navuk BSSR, Ser. Fiz-Energ. Navuk, 1983, 83 
 
 48. Weyl R., Lischke B., Kappelmeyer R. and Beck F., NTG-Fachber. 86 (Grossintegration) 116-21 (1985) 
 
 49. Mizell L.C., AIAA, Rep. A 71-40738 (1971) 
 
 50. Garbarino P.L. and Sandison R.D., J. Electrochem. Soc., 120, 834 (1973) 
 
 51. Lukianoff G.V., Mol. Cryst. Liq. Cryst., 8, 369 (1969) 
 
 52. Maple R.D., US NTIS, AD Rep. No. 744211 (1972) 
 
 53. Ziernicki R.S. and Leonard W.F., Rev. Sci. Instrum., 43, 479 (1972) 
 
 54. Key S.K., and Dick G.D., J. Vac. Sci. Technol., 11, 97 (1974) 
 
 55. Feldman C. and Moorjani K., Thin Solid Films, 5, R1 (1970) 
 
 56. Park K.C. and Basavaiah S., J. Non-Cryst. Solids, 2, 284 (1970) 
 
 57. Kato S., Uhida T., Watanabe H., and Wada M., Oyo Butsuri, 44, 156 (1975) 
 
 58. Shaw H.E., US. Patent, 3,590,371 (1971) 
 
 59. Sprow E., Mach. Des., 41, 37 (1969) 
 
 60. Kendig P.M., Meet. Acoust. Soc. Amer. 84th, 1972; Electr. Electron. Abstr., 76, 4973 (1973) 
 
 61. Glazkov G.M., Zhmud A.M., Molokov G.G. and  Nepochatov Yu. K., Coll. Rep., All-Union Sci. Conf. Liq. Cryst., Acad. Sci. USSR. 1st. 1970, 296 (1972) 
 
 62. Pontello A.P., US NTIS, AD Rep. No. 886071  (1971) 
 
 63. Pontello A.P., Am. Soc. Mech. Eng., 94, 61 (1972) 
 
 64. Pontello A.P., US NTIS, AD Rep. No. 772099/8GA (1973) 
 
 65. Pontello A.P., US Patent 3,736,790 (1971) 
 
 66. Hyzer W.G., ITR & D, 9-10 (March 1985) 
 
 67. Choudhury M.A., Electronic Pkg. and Prodn., 120 (May 1983) 
 
 68. Steinicke H.E., ZIS Mitt., 28, 852 (1986) 
 
 69. Westinghouse Electric Corp., US Patent 3,889,053 (1975) 
 
 70. Zharkova G.M., Kiselev G.A. and Khachaturyan V.M., Prom. Tepoltekh. 7, 78 (1985) 
 
 71. Champa R.A., US NTIS, AD Rep. No. 755831 (1972) 
 
 72. Klein E.J., AIAA, Aerodyn. Testing Conf., 3rd, 1968, Paper 68-376 
 
 73. Klein E.J., Astronaut. Aeronaut., 6, 70 (July 1968) 
 
 74. Zharkova G.M. and Kapustin A.P., Izv. Sib. Otd. Akad. Nauk SSSR, Ser. Tekh. Nauk, 13, 65 (1970) 
 
 75. Szymanski A., Post. Astronaut., 5, 27 (1971) 
 
 76. Vennemann D. and Buetefisch K-A., Deut. Luft-Raumfahrt. Rep. DLR-FB73-121 (1973) 
 
 77. Cooper T.E., Field R.J. and Meyer J.F., US NTIS, AD Rep. No. A-002458 (1974) 
 



 

                                                              www.hallcrest.com Glenview, IL                                RT0004 Rev01 
 

4

 78. Cooper T.E., Field R.J. and Meyer J.F., J. Heat Trans., 97, 442 (1975) 
 
 79. den Ouden C., Delft Progr. Rep., Ser. A., 1, 33 (1973) 
 
 80. den Ouden C. and Hoogendoorn C.J., Proc. 5th Int. Heat Transfer Conf., 1974, p.293 
 
 81. Jinescu G. and Iordache O., Rev. Chim (Bucharest), 35, 864-6 (1984) 
 
 82. Vennemann D. and Buetefisch K.A., ESRO-TT-77 
 
 83. Buetefisch K.A., DLR Mitt. 75-11, p48-68 (1976) 
 
 84. Hoogendoorn C.J., Int. J. Heat Mass Transfer, 20, 1333-8 (1977) 
 
 85. Ardasheva M.M. and Ryzhkova M.V., Fluid Mech. Sov. Res., 6, 128 (1977) 
 
 86. Brown A. and Saluja C.L., J. Phys. E., 11, 1068 (1978) 
 
 87. Hippensteele S.A., Russell L.M. and Stepka F.S., ASME Paper 81-GT-93 (1981) 
 
 88. Hippensteele S.A., Russell L.M. and Stepka F.S., ASME Paper 85-GT-59 (1985) 
 
 89. Do Carmo Durao M., MS Thesis, Naval Postgraduate School, Monterey, CA. June 1977 (AD-A045131) 
 
 90. Baughn J.W., Hoffman M.A. and Makel D.B., Rev. Sci. Instrum., 57, 650 (1986) 
 
 91. Simonich J.C. and Moffat R.J., Rev. Sci. Instrum., 53, 678 (1982) 
 
 92. McElderry E.D., Air Force Flight Dynamics Lab., FDMG TM. 70-3 (1970) 
 
 93. Lemberg R., AFOSR-TR-71-2622 (1971) 
 
 94. Ireland P.T. and Jones T.V., AGARD Conf. Proc. No. 390, Paper 28, Bergen (1985) 
 
 95. Goldstein R.J. and Timmers J.F., Int. J. Heat Mass Transfer, 25, 1857-68 (1982) 
 
 96. Cooper T.E. and Groff J.P., J. Heat Trans., 95, 250 (1973) 
 
 97. Davies R.M., Rhines J.M. and Sidhu B.S., First UK Nat. Conf. Heat. Transfer, IChE Symp. Ser. No. 86, 907 (1984) 
 
 98. Ireland P.T. and Jones T.V., Proc. 8th Int. Heat Trans. Conf. San Francisco, 1986, p975 
 
 99. Raad T. and Myer J.E., AIChE J., 17, 1260 (1971) 
 
100. Cooper T.E. and Petrovic W.K., J. Heat Trans., 96, 415 (1974) 
 
101. Simonich J.C. and Moffat R.J., 1983 Toyko Int. Gas Turbine Congress Paper 83TOYKO-IGTC-1 
 
102. Fitt A.D., Ockendon J.R. and Jones T.V., J. Fluid Mech., 160, 15 (1985) 
 
103. Holmes B.J., Gall P.D., Croom C.C., Manuel G.S. and Kelliher W.C., NASA Tech. Memo 87666 (1986) 
 
104. Holmes B.J. and Gall P.D., AIAA Report 86-2592 (1986) 
 
105. Holmes B.J., Croom C.C., Gall P.D., Manuel G.S. and Carraway D.L., AIAA Report 86-9786 (1986) 
 
106. Kasagi N., Stanford Univ. Report IL-27 (Nov. 1980) 
 
107. Kuriyama M., Ohta M., Yanagawa K., Arai K. and Saito S., J. Chem. Eng. Jpn., 14, 323 (1981) 
 
108. Rhee H.S., Koseff J.R. and Street R.L., Experiments in Fluids, 2, 57 (1984) 
 
109. Ogden T.R. and Hendricks E.W., Experiments in Fluids, 2, 65 (1984) 
 
110. Besch P.K., Jones T.B. and Sikora J.P., DTNSRDC-86/046 (Sept. 1986) 
 
111. Hiller W.J. and Kowalewski T.A., 4th Int. Symp. on Flow. Vis., Paris, August 1986 
 
112. Zharkova G.M. and Lokotko A.V., Coll. Rep., All-Union Sci. Conf. Liq. Cryst. Acad. Sci. USSR. 2nd, 1972, 271 (1973) 
 
113. Klein E.J. and Margozzi A.P., NASA Report TM-X 1774 (1969) 
 
114. Klein E.J. and Margozzi A.P., Rev. Sci. Instrum., 41, 238 (1970) 
 
115. Bannister T.C., NASA, Marshall Space Flt. Center, Summary Rep. I and II, Apollo 14 (1971) 
 
116. Grodzka P.G., Fan C. and Hedden R.O., Lockheed Missiles and Space Co., Rep. LMSC-HREC D-225, 333 (1971) 
 
117. Grodzka P.G. and Bannister T.C., Science, 176, 506 (1972) 
 
118. Bannister T.C., NASA, Marshall Space Flt. Center, Res. Technol. Rev. S and E-SSL-T 453-3090 (1973) 
 
119. Bannister T.C., Grodzka P.G., Spradley L.W., Bourgeois S.V., Hedden R.O. and Facemire B.R., NASA Report TM X-64772 (1973) 
 
120. Grodzka P.G. and Bannister T.C., Science, 187, 165 (1975) 
 
121. Vigo T.L., Hassenboehler C.B. and Wyatt N.E., Textile Res. J., 451 (1982) 
 



 

                                                              www.hallcrest.com Glenview, IL                                RT0004 Rev01 
 

5

               RT004 
 
 
 
 


