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Summary 
 
As the world energy crisis is currently being confronted, extensive efforts are being 
made for conserving energy and enhancing energy efficiency. In all energy generation 
and transformation technologies, energy is lost in terms of waste heat. Therefore, heat 
transfer is the key to combating the energy crisis.  
 
This chapter deals with fundamentals and applications of heat transfer with regard to 
conductive, convective (single and two-phase), and radiative heat transfer. The state-of-
the-art technologies that facilitate heat transfer management are also briefly reviewed.  
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1. Conductive Heat Transfer 
 
Heat conduction is a fundamental phenomenon describing transfer of thermal energy 
due to a temperature gradient. The ability to conduct heat can be quantified in terms of 
thermal conductivity, where higher thermal conductivity implies more efficient heat 
conduction. This section deals with the origin of heat conduction from both 
macroscopic and microscopic viewpoints. Further, it briefly discusses some recent 
developments in altering thermal conductivity. 
 
1.1. Fourier’s Law of Heat Conduction: A Macroscopic Viewpoint 
 
Conduction of heat occurs through vibration or direct collision of nearby atoms and/or 
molecules under a temperature gradient without any form of mass transfer. This implies 
that conduction is the major mode of heat transfer in solids while it is nearly negligible 
in fluids, where the convection is dominant. Heat conduction can be simply expressed 
using Fourier’s law of heat conduction as follows; 
 
 q k T= − ∇   (1.1) 
 
where q  is the heat flux, i.e., heat flow per unit area [W/m2]; k , the thermal 
conductivity [W/m·K]; and T , the temperature [K]. This equation implies that heat flow 
is directly proportional to the temperature gradient and thermal conductivity. Thermal 
conductivity is an intrinsic property that describes the amount of heat that is be 
transferred through a medium under a certain temperature difference. The unit of 
thermal conductivity [W/m·K] denotes the amount of heat conducted per unit length and 
per unit temperature gradient. From a macroscopic perspective, thermal conductivity is 
treated as an intrinsic property at a certain temperature where it has a constant value 
regardless of the feature size. However, with respect to micro/nanoscales, thermal 
conductivity can be significantly varied with size as it cannot be considered as an 
intrinsic value when the dimensions are very small. This will be discussed later on in 
detail. 
 
Eq. (1.1) can be re-expressed by considering geometrical factors. By integrating Eq. 
(1.1) and multiplying by the area of interest, it is expressed as follows; 
 

 th

T T TQ kA
L L kA R
Δ Δ Δ

= = =     (1.2) 

 
where A is the cross-sectional area [m2] and L , the length [m] of a feature where heat 
flows perpendicular to the surface A. Since this equation shows that the heat flow is 
proportional to the temperature difference, the equation can be analogously compared 
with Ohm’s law ( /i V R= ) where electron flow, i.e., current, i , is proportional to the 
electric potential difference. Accordingly, th /R L kA≡  can be regarded as “thermal” 
resistance, analogous to electrical resistance. Moreover, heat conduction can be modeled 
as a thermal circuit where series/parallel heat flows can be considered. A series heat 
flow occurs when the heat is flowing through different media stacked perpendicular to 
the heat flow direction, while parallel heat flow occurs when the media are stacked 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

MECHANICAL ENGINEERING – Heat Transfer – Hyung Hee Cho, Dong Hyun Lee and Sangwoo Shin 

©Encyclopedia of Life Support Systems (EOLSS) 

along the heat flow direction. This concept is illustrated in Figure 1. Effective thermal 
resistance can be calculated in exactly the same manner as that for calculating effective 
electrical resistance; the series resistance is calculated as a sum of individual resistances 
while the parallel resistance is calculated as an inverse of the sum of individual inverse 
resistances.  

 
Figure 1. Schematic of thermal circuit concept. (a) Series connection; (b) parallel 

connection. 
 
1.2. Microscopic Viewpoint of Heat Conduction 
 
In the microscopic viewpoint, heat conduction originates from the individual 
atomic/molecular interactions, where the direct molecular collisions result in heat 
conduction of gases. In solids, heat is transported through the lattice vibrations, i.e., 
phonons and electrons.  
 
Under the microscopic viewpoint, thermal conductivity is crucial in understanding the 
fundamental aspects of heat conduction. Next, we will briefly discuss the derivation of 
the thermal conductivity of gases using simple kinetic theory, in which gas molecules 
are considered as particles.  
 
1.2.1. Thermal Conductivity of Gases 
 
Before starting, certain assumptions should be made. First, the gas is sufficiently dilute 
so that the intermolecular interactions can be neglected. Second, intermolecular 
collisions are elastic and instantaneous.  
 
Third, molecules are so widely far apart that the intermolecular distance is significantly 
larger than the radius of a molecule. Fourth, each molecule exhibits local 
thermodynamic equilibrium so that a temperature can be defined within a single 
molecule. Further, molecular motions are isotropic. 
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Figure 2. Heat conduction in gas molecules 

 
Let us begin by assuming that there are three gas molecules that are apart by a distance 
of mean free path, l , which is the average distance traveled by a molecule between 
consecutive collisions (see Figure 2). The left molecule possesses higher internal 
energy—higher temperature—compared to the right one. Therefore, the middle 
molecule will exhibit a net energy flux directed toward the right. This net energy flux 
can be expressed as follows; 
 

0 0
1 ( ) ( )
2 x x l x lq v u T u T− +⎡ ⎤= −⎣ ⎦   

(1.3) 

 
where xv  is the mean velocity of a molecule in the x direction [m/s] and ( )u T , the 
internal energy density of a molecule at temperature T [J/m3]. The 1/2 factor originates 
from the isotropic molecular motion assumption that only half of the total energy 
possessed by a gas molecule is transferred to the nearby molecule. By Taylor-expanding 
the energy density terms and differentiating in temperature, Eq. (1.3) can be rewritten as 
follows; 
 

x
du dTq v l
dT dx

⎛ ⎞⎛ ⎞= −⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠

  (1.4) 

 

From the isotropic motion assumption, xv is approximately 1
3

v , and du
dT

is the specific 

heat. Therefore, Eq. (1.4) can be rearranged as follows; 
 

v
1
3

dTq C vl
dx

⎛ ⎞= −⎜ ⎟
⎝ ⎠  

(1.5) 

 
This is Fourier’s law of conduction, i.e., Eq. (1.1), where the thermal conductivity is 
 

v
1
3

k C vl=
 

(1.6) 
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The above equation is the simple kinetic theory of heat conduction in gases where 
thermal conductivity is a product of specific heat, molecular speed, and mean free path. 
From this equation, the physical concept of heat conduction can be easily understood. A 
heat-conducting carrier can be considered suitable in the following three aspects. First, a 
heat carrier should carry a large amount of heat, i.e., a large specific heat. Second, a heat 
carrier should move fast, i.e., possess high molecular speed. Third, the number of 
molecular collisions that can hinder the heat transferring action should be minimal, i.e., 
the heat carrier should have a large mean free path.  
 
These three features are keys to heat conduction, as thermal conductivity can be actively 
manipulated by altering the specific heat, molecular speed, and/or mean free path. These 
features are widely studied in solids, where the fundamental concept of heat conduction 
is very similar to that of a gas. This will be discussed later in detail. 
 
1.2.2. Heat Conduction in Solids 
 
Unlike gases, where heat is conducted through direct molecular collisions, solids 
conduct heat through two individual heat carriers—phonons and electrons. Phonons, 
quantized packets of lattice vibrations, are fundamental units for heat carrying atoms. 
Since atoms in a solid are strongly bonded, they cannot travel freely, as they can do in 
gases. Therefore, solids conduct heat through atomic vibrations. By treating the phonons 
as particles, we can also derive the thermal conductivity of solids using the Boltzmann 
transport equation. For the derivation of the complete equation, one may refer to other 
textbooks (Tien et al., 1998). The phonon thermal conductivity of solids is as follows; 
 

ph v
1 ( ) ( ) ( )
3

k C v l d
ω

ω ω ω ω= ⋅ ⋅∫
 

(1.7) 

 
where vC  is the specific heat [J/m3·K]; v , the phonon velocity [m/s]; and l , the phonon 
mean free path [m]. This equation is very similar to Eq. (1.6), where the thermal 
conductivities of gases and solids share the same concept. 
 
However, since phonons are the sum of lattice vibrations, they are characterized by their 
vibration frequencies, or wavelengths. Each phonon has a unique wavelength, which is 
mostly determined by the strength of the atomic bond. The distribution of phonon 
wavelengths in the lattice space (to be exact, reciprocal lattice space) is called the 
phonon dispersion relation. This relationship shows how the phonons are dispersed in 
every lattice direction of a solid. Further, it directly shows the phonon velocity, given by 
the slope of the phonon dispersion relation. The phonon dispersion relation can be 
calculated by treating the lattice as a spring-mass system.  
 
Like photons, phonons are also governed by Wien’s displacement law. This law states 
that the wavelength of dominantly populated phonons is linearly proportional to the 
inverse of temperature. For instance, short-wavelength phonons are mostly populated 
when the temperature is increased. This leads to different phonon scattering 
mechanisms at varying temperatures.  
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Phonon scattering is a term describing reflection, refraction, and diffraction of phonons 
under certain circumstances. Since phonons are treated as particles, they can also be 
scattered under various circumstances. Phonon scattering may occur because of defects 
inside solids, such as vacancies, voids, and/or dopants. This is called defect scattering. 
Phonons may also be scattered at a physical interface or a boundary. This is referred to 
as boundary scattering. Further, a phonon may scatter another individual phonon, a 
phenomenon referred to as phonon–phonon (Umklapp) scattering. All these scattering 
processes occur when the phonon wavelength exhibits the same length scale as the 
feature size of the scattered object. For instance, at low temperatures, the significant 
phonon scattering mechanism is boundary scattering since dominant phonons have large 
wavelengths. By increasing the temperature, few nanometer-sized defects may be 
introduced as scatterers. At high temperature, since most phonons have short 
wavelengths, they tend not to be scattered by the large-sized defects or boundaries but 
by each other.  
 
The abovementioned three scattering processes may occur simultaneously but with 
varying degrees. The effective magnitude of phonon scattering can be characterized by 
the effective phonon mean free path. The mean free path is governed by Matthiessen’s 
rule, which states that the smallest one dominates the entire scattering process. The 
effective mean free path based on Matthiessen’s rule can be expressed as follows; 
 

1 1 1 1
eff boundary defect ph-phl l l l− − − −= + +  (1.8) 

 
where boundaryl  is the feature size of a boundary; defectl , the feature size of a defect; and 

ph phl − , the phonon mean free path. Therefore, with Eq. (1.8), one can identify the major 
phonon scattering process at a given condition. For instance, boundaryl  may dominate the 
overall phonon scattering in typical nanoscale systems such as thin films or nanowires. 
Otherwise, the phonon thermal conductivity can be lowered by introducing a large 
artificial defect. 
 
Free electrons, which carry electric charges, are also important heat carriers for heat 
conduction in solids. For insulators and degenerate semiconductors, phonons are the 
major heat carriers for heat conduction. However, for metals or heavily doped 
semiconductors, electrons are comparable, or even dominant, heat carriers.  
 
Consequently, the thermal conductivity of a solid is comprised of phonon thermal 
conductivity and electron thermal conductivity. Generally, the electronic thermal 
conductivity is linearly related to the electrical conductivity (inverse of electrical 
resistivity). This fact, which is the so-called Wiedemann-Franz law, is valid for most 
metals and semiconductors when determining the electronic thermal conductivity. The 
Wiedemann-Franz law is as follows; 
 

22
B

e 3
kk T
q

π σ
⎛ ⎞

= ⋅ ⋅⎜ ⎟
⎝ ⎠  

(1.9) 
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where Bk is the Boltzmann constant [ 231.38 10−× J/K]; q , the elementary charge 

[ 191.6 10−× C]; andσ , the electrical conductivity [1/Ω·m]. From this equation, one may 
easily capture the origin of the high thermal conductivity of metals, which is mainly due 
to the large number of free electrons. The phonon and electron thermal conductivities of 
materials with respect to varying carrier concentration are depicted in Figure 3 where 
the phonon thermal conductivity is invariant to carrier concentration whereas the 
electron thermal conductivity increases with carrier concentration.  
 

 
Figure 3. Thermal conductivity vs. carrier concentration. Blue line indicates phonon 

thermal conductivity while red curve indicates sum of electron thermal conductivity and 
phonon thermal conductivity. 
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- 
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and Fluid Flow, 24, 199-209. [This presents the heat transfer and flow characteristics of impinging jet 
resulted from main jet or shear layer excitation]. 

Hwang, S. D., Kwon, H. G., Cho, H. H. (2008). Heat transfer with dimple/protrusion arrays in a 
rectangular duct with a low Reynolds number range. International Journal of Heat and Fluid Flow, 29, 
916-926. [This investigates local heat transfer distribution in a narrow channel with dimple/protrusion 
arrays]. 

Hwang, S. D., Kwon, H. G., Cho, H. H. (2010). Local heat transfer and thermal performance on 
periodically dimple-protrusion patterned walls for compact heat exchangers. Energy, 35, 5357-5364. 
[This shows heat transfer characteristics and thermal performance of dimple-protrusion patterned channel 
in a low Reynolds number range]. 

Inasaka, F., Nariai, H. (1998). Enhancement of subcooled flow boiling critical heat flux for water in tubes 
with internal twisted tapes under one-sided-heating conditions. Fusion Engineering and Design, 39-40, 
347-354. [This presents flow boiling experiments in a round tube]. 
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Isaev, S. A., Kornev, N. V., Leontiev, A.I., Hassel, E. (2010). Influence of the Reynolds number and the 
spherical dimple depth on turbulent heat transfer and hydraulic loss in a narrow channel. International 
Journal of Heat and Mass Transfer, 53, 178-197. [This presents results numerical heat transfer prediction 
and LDV measurements in a dimpled narrow channel]. 

Ju, Y. S., Goodson, K. E. (1999). Phonon scattering in silicon films with thickness of order 100 nm. 
Applied Physics Letters, 74, 3005-3007. [This presents phonon scattering in a thin silicon films]. 

Kakac, S., Bergles, A. E., Mayinger, F. (1981). Heat exchangers, Thermal-hydraulic fundamentals and 
design. Hemisphere Publishing Corporation. [This book introduces basics of heat exchanger design and 
deals with various types of heat exchangers]. 

Karwa, R., Solanki, S.C., Saini, J.S. (2001). Thermo-hydraulic performance of solar air heaters having 
integral chamfered rib roughness on absorber plates. Energy, 26, 161-176. [This investigated the 
performance enhancement of solar air heaters with ribbed absorber plates]. 

Karwa, R. (2003). Experimental studies of augmented heat transfer and friction in asymmetrically heated 
rectangular ducts with ribs on the heated wall in transverse, inclined, V-continuous and V-discrete pattern. 
International Communications in Heat and Mass Transfer, 30, 241-250. [This shows experimental results 
of heat transfer and friction in ducts on one wall in transverse, inclined, v-continuous and v-discrete 
pattern]. 

Khalatov, A., Ochoa, D., Byerley, A. and Min, S. K. (2004). Flow Characteristics Within and Downstream 
of Spherical and Cylindrical Dimple on a Flat Plate at Low Reynolds Numbers. ASME Turbo Expo 2004, 
ASME paper GT2004-53656. [This presents the flow unsteady three-dimensional flow features inside and 
downstream of dimples]. 

Kim, W., Zide, J., Gossard, A., Klenov, D., Stemmer, S., Shakouri, A., Majumdar, A. (2006). Thermal 
conductivity reduction and thermoelectric figure of merit increase by embedding nanoparticles in 
crystalline semiconductors. Physical Review Letters, 96, 045901. [This presents thermal conductivity 
reduction by embedding nanoparticles in a crystalline material]. 

Kim, W., Wang, R., Majumdar, A. (2007). Nanostructuring expands thermal limits. Nano Today, 2, 40-47. 
[This presents a review of thermal conductivity modification using nanotechnologies]. 

Kim, K. M., Lee, S. Y., Lee, D. H., Cho, H. H. (2009). Heat (mass) transfer and friction loss in two-pass 
ducts with various parallel rib arrangements. Heat and Mass Transfer, 45, 783-792. [This presents heat 
transfer and friction loss characteristics in a rotating channel with various parallel rib arrangements].  

Kim, K. M., Kim, B. S., Lee, D. H., Moon, H., Cho, H. H. (2010). Optimal design of transverse ribs in 
tubes for thermal performance enhancement. Energy, 35, 2400-2406. [This is a parametric study for 
optimized geometries of transverse ribs in circular channels using response surface method]. 

Kolar, V. (1964). Heat transfer in turbulent flow of fluids through smooth and rough tubes. International 
Journal of Heat and Mass Transfer, 8, 639-653. [This shows an analysis of the mechanism of heat 
transfer and experimental validation in rough tubes]. 

Kolokotsa, D., Rovas, D., Kosmatopoulos, E., Kalaitzakis, K. (2010). A roadmap towards intelligent net 
zero- and positive-energy buildings, Solar Energy. doi:10.1016/j.solener.2010.09.001. [This briefly 
discusses the background, modeling, analysis and optimization of the zero energy building]. 

Konttinen, P., Lund P. D., Kilpi, R J. (2003). Mechanically manufactured selective solar absorber surfaces. 
Solar Energy Materials and Solar Cells, 79, 273-283. [This presents a development of manufacturing 
process to obtain a surface which absorbs a certain spectral range of solar energy and reflect the others]. 

Kubo, H., Takamatsu, H., Honda, H. (1999). Effects of size and number density of micro-reentrant 
cavities on boiling heat transfer from a silicon chip immersed in degassed and gas-dissolved FC-72. 
Journal of Enhanced Heat Transfer, 6, 151-160. [This presents pool boiling experiments on a surface 
having micro reentrant cavities]. 

Kwon, H. G. (2009a). Heat/mass transfer enhancements on dimpled surfaces using vortex controls. Ph. D. 
Thesis, Yonsei University. [A Ph. D. thesis, this focuses on heat transfer and fluid characteristics in 
dimpled channel]. 

Kwon, J-.S., Jang, C. H., Jung, H., Song, T-.H. (2009b). Effective thermal conductivity of various filling 
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materials for vacuum insulation panels. International Journal of Heat and Mass Transfer, 52, 5525-5532. 
[This is a theoretical investigation for solid and gaseous and radiative conductivity of porous material for 
insulation panels]. 

Kwon, H. G., Hwang, S. D., Cho, H. H. (2011). Measurement of local heat/mass transfer coefficients on a 
dimple using naphthalene sublimation. International Journal of Heat and Mass Transfer, 54, 1071-1080. 
[This reports detailed local heat transfer distribution around a single dimple in a rectangular channel]. 

Ignatiev, A., O'Neill, P., Zajac, G. (1979). The surface microstructure optical properties relationship in 
solar absorbers: black chrome. Solar Energy Materials, 1, 69-79. [This shows the relations between 
surface microstructures and optical properties of electrodeposited black chrome films]. 

Lampert, C. M. (1979). Coatings for enhanced photothermal energy collection: 1. Selective absorbers. 
Solar Energy Materials, 1, 319-341. [This reviews various coatings for absorbing certain spectral range of 
solar energy].  

Lau, S. C., McMillin, R. D., Han, J. C. (1991). Turbulent heat transfer and friction in a square channel 
with discrete rib turbulators. Journal of Turbomachinery, 113, 360-366. [This investigates the heat 
transfer characteristics of a square channel experimentally with continuous and discrete rib arrangements]. 

Lau, K. K. S., Bico, J. Teo, K. B. K., Chhowalla, M., Amaratunga, G. A. J., Milne, W. I., McKinley, G. H., 
Gleason, K. K., (2003). Superhydrophobic carbon nanotube forests. Nano Letters, 3, 1701-1705. [This 
presents superhydrophobicity of carbon nanotubes]. 

Lee, S.-M., Cahill, D. G., Venkatasubramanian, R. (1997). Thermal conductivity of Si–Ge superlattices, 
Applied Physics Letters. 70, 2957-2959. [This presents thermal conductivity of Si-Ge superlattice thin 
films]. 

Lee, D. H., Won, S. Y., Kim, Y. T., Chung, Y. S. (2002). Turbulent heat transfer from a flat surface to a 
swirling round impinging jet. International Journal of Heat and Mass Transfer, 45, 223-227. [This shows 
heat transfer enhancement using swirling jet]. 

Lee, D. H., Rhee, D.-H., Kim, K. M., Cho, H. H., Moon, H. K. (2009). Detailed measurement of 
heat/mass transfer with continuous and multiple V-shaped ribs in rectangular channel. Energy, 34, 1770-
1778. [This investigates the effect of aspect ratio on heat transfer with V-shaped ribs]. 

Li, D., Wu, Y., Kim, P., Shi, L., Yang, P., Majumdar, A. (2003). Thermal conductivity of individual silicon 
nanowires. Applied Physics Letters, 83, 2934-2936. [This presents thermal conductivity of a single silicon 
nanowire]. 

Li, C., Wang, Z., Wang, P.-I., Peles, Y., Koratkar, N., Peterson, G. P., (2008a). Nanostructured copper 
interfaces for enhanced boiling. Small, 4, 1084-1088. [This presents pool boiling experiments on a 
nanorod coated surface]. 

Li, S., Furberg, R., Toprak, M. S., Palm, B., Muhammed, M. (2008b). Nature-inspired boiling 
enhancement by novel nanostructured macroporous surfaces. Advanced Functional Materials, 18, 2215-
2220. [This presents pool boiling experiments on a micro-nanoporous surface]. 

Ligrani, P. M., Mahmood, G. I., Harrison, J. L. Clayton, C. M. Nelson, D. L. (2001) Flow structure and 
local Nusselt number variations in a channel with dimples and protrusions on opposite walls. 
International Journal of Heat and Mass Transfer, 44, 4413-4425. [This shows flow visualization and heat 
transfer results in narrow channels with four different combinations of dimples and protrusions]. 

Liu, T., Sullivan, J. P. (1996). Heat transfer and flow structures in an excited circular impinging jet. 
International Journal of Heat and Mass Transfer, 39, 3695-3706. [This shows that the heat transfer rates 
can be enhanced or reduced according to the excitation frequencies]. 

Mahmood, G. I., Ligrani, P. M. (2002). Heat transfer in a dimpled channel: combined influences of aspect 
ratio, temperature, Reynolds number, and flow structure. International Journal of Heat and Mass Transfer, 
45, 2011-2020. [A parametric study for heat transfer in a dimpled channel]. 

Martinelli, R. C., Boelter, L. M. K. (1938). The effect of vibration on heat transfer by free convection 
from a horizontal cylinder. In: Proceedings of Fifth International Congress on Applied Mechanics, 578-
586. [This is one of the earliest researches which discover the vibration effect on heat transfer in a natural 
convection regime]. 
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Martin, H. (1977). Heat and mass transfer between impinging gas jets and solid surfaces, Advances in 
Heat Transfer, 13, 1-60. [This summarizes the heat transfer characteristics of impinging jets for various 
nozzle shapes]. 

Maiti, S., Vyas, K., Ghosh, P. K. (2010). Performance of a silicon photovoltaic module under enhanced 
illumination and selective filtration of incoming radiation with simultaneous cooling. Solar Energy, 84, 
1439–1444. [This compares the cooling performance and optical properties of coolants for higher system 
efficiency of a silicon photovoltaic module]. 

Maurer, M., Wolfersdorf, J. V., Gritsch, M. (2007). An experimental and numerical study of heat transfer 
and pressure loss in a rectangular channel with V-shaped ribs. Journal of Turbomachinery, 129, 800-808. 
[This presents the heat transfer and flow characteristics of a rectangular channel with V-shaped ribs at 
very high Reynolds number ranges]. 

Metzger, D. E., Korstad, R. J. (1992). Effects of cross flow in impingement heat transfer. Journal of 
Engineering for Power, 94, 35-41. [This shows the adverse effects of crossflow on heat transfer by jet 
arrays]. 

Miller, W. J., Gebhart, B., Wright, N. T. (1990). Effects of boiling history on a micro-configured surface 
in a dielectric liquid. International Communications on Heat and Mass Transfer, 17, 389-398. [This 
presents pool boiling experiments on a dimpled surface]. 

Mittal, M. K., Varun, Saini, R. P., Singal, S.K. (2007). Effective efficiency of solar air heaters having 
different types of roughness elements on the absorber plate. Energy, 32, 739-745. [This compares 
effective efficiency of solar air heater with various type of rib on absorber plate]. 

Mladin, E. C., Zumbrunnen, D. A. (2000). Alterations to coherent flow structures and heat transfer due to 
pulsations in an impinging air-jet. International Journal of Thermal Science, 39, 236-248. [This 
investigates the effects of jet flow pulsations on heat transfer and flow characteristics of impinging planar 
jet]. 

Moon, H. K., O’Connell, T., Glezer, B. (2000). Channel height effect on heat transfer and friction in a 
dimpled passage. Journal of Engineering for Gas Turbines and Power, 122, 307-313. [This presents heat 
transfer results on dimpled surface with various channel heights]. 

Moon, S. W., Lau, S. C. (2002). Turbulent heat transfer measurements on a wall with concave and 
cylindrical dimples in a square channel. ASME paper GT-2002-30208. [This shows average heat transfer 
and friction low across channels with various dimple geometries]. 

Nakayama, W., Nakajima, T., Hirasawa, S. (1984). Heat sink studs having enhanced boiling surfaces for 
cooling microelectronic components. ASME Paper no. 84-WA/HT-89. [This presents pool boiling 
experiments on a studded surface]. 

O’Connor, J. P., You, S. M., Price, D. C. (1995). A dielectric coating technique to enhance boiling heat 
transfer from high power microelectronics. IEEE Transactions on Components, Packaging & 
Manufacturing Technology, 18, 656-663. [This presents pool boiling experiments on a diamond treated 
surface]. 

O’Connor, J. P., You, S. M. (1995). A painting technique to enhance pool boiling heat transfer in saturated 
FC-72. Journal of Heat Transfer – Transactions on ASME, 117, 387-393. [This presents pool boiling 
experiments on a surface having flakes]. 

Oktay, S., Schmekenbecher, A. (1972). Method for forming heat sinks on semiconductor device chips, US 
Patent No. 3,706,127. [This presents pool boiling experiments on a surface having microdendrites]. 

Oppenheim, A. K. (1956). Radiation analysis by the network method. Transactions of the ASME, 78, 725-
735. [This suggests a simple method to calculate net amount of radiation heat transfer in enclosures]. 

Park, K.-J., Jung, D. (2007). Enhancement of nucleate boiling heat transfer using carbon nanotubes. 
International Journal of Heat and Mass Transfer, 50, 4499-4502. [This presents pool boiling experiments 
on a carbon nanotube coated surface]. 

Prasad, B. V. S. S. S., Gupta, A. V. S. S. K. S. (1998). Note on the performance of an optimal straight 
rectangular fin with a semicircular cut at the tip. Heat Transfer Engineering, 19, 53-58. [This is a 
parametric study for reducing fin weight]. 
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Ravigururajan, T. S., Bergles, A. E. (1996). Optimization of in-tube enhancement for large evaporators 
and condensers, Energy, 21, 421-432. [This presents flow boiling experiments on a grooved tubes]. 

Rhee, D. H., Yoon, P. H., Cho, H. H. (2003a). Local Heat/Mass Transfer and Flow Characteristics of 
Array Impinging Jets with Effusion Holes Ejecting Spent Air. International Journal of Heat and Mass 
Transfer, 46, 1049-1061. [This compares the heat transfer distributions by array jets with/without effusion 
holes]. 

Rhee, D. H., Choi, J. H., Cho, H. H. (2003b). Heat (mass) transfer on effusion plate in 
impingement/effusion cooling systems. Journal of Thermophysics and Heat Transfer, 17, 95-102. [This 
shows the effects of effusion holes on heat transfer of array jets with initial crossflow with/without 
effusion holes]. 

Rhee, D. H., Choi, J. H., Cho, H. H. (2003c). Flow and heat (mass) transfer characteristics in an 
impingement/effusion cooling system with crossflow. ASME Journal of Turbomachinery, 125, 74-82. 
[This compared the average heat transfer rate and heat transfer uniformity on target plates with various 
impingement/effusion hole arrangements]. 

Richardson, P. D. (1964). Influence of sound upon local heat transfer from a cylinder. Journal of Acoustic 
Society of America, 36, 2323-2327. [This reports local heat transfer data on a cylinder in a horizontal 
transverse standing sound field]. 

Richardson, P. D. (1969). Local effects of horizontal and vertical sound fields on natural convection from 
a horizontal cylinder. Journal of Sound Vibration, 10, 32-41. [This presents shadowgraphs around a 
circular cylinder subjected to horizontal and vertical standing sound fields]. 

San, J. Y., Lai, M. D. (2001). Optimum jet-to-jet spacing of heat transfer for staggered arrays of 
impinging air jets. International Journal of Heat and Mass Transfer, 44, 3997- 4007. [This is a parametric 
study to optimize jet-to-jet and jet-to-impingement plate spacings for heat transfer enhancement].  

Sathyamurthi, V., Ahn, H.-S., Banerjee, D., Lau, S. C. (2009). Subcooled pool boiling experiments on 
horizontal heaters coated with carbon nanotubes. Journal of Heat Transfer – Transactions on ASME, 131, 
071501. [This presents pool boiling experiments on a carbon nanotube coated surface]. 

Schmidt E. (1926). Die Wärmeübertragung durch Rippen. Zeitschrift des Vereines Deutscher Ingenieure, 
70, pp. 885-889 and 947-951. [This proposes a first solution, called “length-of-arc”, to minimize the 
amount of fin material for a given heat transfer rate]. 

Snider, A. D., Kraus, A. D. (1987). The quest for the optimum longitudinal fin profile. Heat Transfer 
Engineering, 8, 19-25. [This summarized previous researches related with optimum pin shapes]. 

Tang, J., Wang, H.-T., Lee, D. H., Fardy, M., Huo, Z., Russell, T. P., Yang, P. (2010). Holey silicon as an 
efficient thermoelectric material. Nano Letters, 10, 4279-4283. [This presents enhanced thermoelectric 
properties of silicon thin films having array of holes]. 

Tien, C. L., Majumdar, A., Gerner, F. M. (1998). Microscale Energy Transport, Washington DC: Taylor & 
Fransis. [This book presents a detailed description of a phonon transport in solids]. 

Ujereh, S. O., Mudawar, I., Amama, P. B., Fisher, T. S., Qu, W. (2005). Enhanced pool boiling using 
carbon nanotube arrays on a silicon surface. In: ASME IMECE, ASME Paper no. IMECE2005-80065. 
[This presents pool boiling experiments on a carbon nanotube coated surface]. 

Vining, C. B., Laskow, W., Hanson, J. O., Van der Beck, R. R., Gorsuch, P. D. (1991). Thermoelectric 
properties of pressure-sintered Si0.8Ge0.2 thermoelectric alloys. Journal of Applied Physics, 69, 4333-4340. 
[This presents thermoelectric properties of Si0.8Ge0.2 alloys]. 

Warren, J. L., Yarnell, J. L., Dolling, G., Cowley, R. A. (1967). Lattice dynamics of diamond, Physics 
Review. 158, 805-808. [This presents phonon dispersion spectra of a diamond]. 

Webb, R. L., Eckert, E. R. G., Goldstein, R. J. (1971). Heat transfer and friction in tubes with repeated-
rib-roughness. International Journal of Heat and Mass Transfer, 14, 601-617. [This proposes heat 
transfer and friction correlations for ribbed circular tube based on heat-momentum transfer analogy and 
law of the wall similarity, respectively]. 

Wen, M. Y., Jang, K. J. (2003). An impingement cooling on a flat surface by using circular jet with 
longitudinal swirling strips. International Journal of Heat and Mass Transfer, 46, 4657-4667. [This 
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presents experimental flow and heat transfer results of circular jet with/without swirling inserts]. 

Won, S.Y., Zhang, Q., Ligrani, P.M. (2005). Comparisons of flow structure above dimpled surfaces with 
different dimple depths in a channel. Physics of Fluids, 17, 045105. [This presents detailed flow 
characteristics on dimpled surfaces]. 

Yu, J.-K., Mitrovic, S., Tham, D., Varghese, J., Heath, J. R. (2010). Reduction of thermal conductivity in 
phononic nanomesh structures. Nature Nanotechnology, 5, 718-721. [This presents reduced thermal 
conductivities of a microstructured silicon thin films]. 

Zaman, K. B. M., Hussain, A. K. M. F. (1980a). Vortex pairing in a circular jet under controlled excitation. 
Part 1. General jet response. Journal of Fluid Mechanics, 101, 449-491. [This is one of the earliest 
researches which dealt with the effects of acoustic excitation on vertex structure in a jet]. 

Zaman, K. B. M., Hussain, A. K. M. F. (1980b). Vortex pairing in a circular jet under controlled excitation. 
Part 2. Coherent structure dynamics. Journal of Fluid Mechanics, 101, 493-544. [This is one of the 
earliest researches which dealt with the effects of acoustic excitation on vertex structure in a jet]. 

Zhao, J., Song, Y., Lam, W.-H., Liu, W., Liu, Y., Zhang, Y., Wang, D. Y. (2011). Solar radiation transfer 
and performance analysis of an optimum photovoltaic/thermal system. Energy Conversion and 
Management, 52, 1343-1353. [This presents optimization results for both non-concentrated and 
concentrated photovoltaic/thermal system]. 

Zheng, Z. Y., Li, S. Z., Chen, M., Wang, K. L., (1996). In: ASME IMECE, 59, 93-98. [This presents 
thermal conductivity of a thin crystalline silicon film]. 
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