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ABSTRACT 
 
Thermal cooling of biological tissues due to flow of 

blood in micro-capillaries is useful for several biomedical 
applications [1]-[4]. The objective of the present study is to 
develop a better qualitative and quantitative understanding 
of the thermal cooling due to interaction between the blood 
flow in capillaries and the tissue environment. Analytical 
expression for one-dimensional temperature distribution in 
biological tissue is reported [5] without considering the 
bloodstream cooling. In this paper, an analytical modeling 
is reported to determine the transient temperature 
distribution inside a tissue due to flow of blood. The contact 
resistance between the tissues is neglected. Using the 
continuum approach the tissues are modeled as a single 
body and localized tissue is treated as a semi-infinite body. 
Finally the expression for heat flux is determined based on 
the transient temperature distribution. 

 
Keywords: semi-infinite approximation, thermal cooling, 
biological tissues 
 

1 INTRODUCTION 
 
The significance of the thermal heat transfer can be 

realized from the fact that bioheat transfer process are 
encountered in different conditions like cancer 
hyperthermia, laser surgery, thermal comfort analysis, and 
tissue thermal parameter estimation [6]. The present work 
deals with determining an analytical expression for the 
steady-state and transient temperature distribution inside a 
tissue due to flow of blood around it. A linear profile for 
volumetric heat cooling inside the tissues is assumed. A 
second-order temperature profile is assumed taking into 
consideration the appropriate boundary conditions. First an 
expression for the extent of the cold wave travel or the 
penetration depth δ (t) is determined by solving the integral 
equation and thereafter this value is used to find the 
temperature profile. The equation related the steady and the 
transient temperature at any point inside the tissue with its 
thermal conductivity, density and the specific heat.   

 
2 PROBLEM DEFINED 

 
The flow of blood around the tissues has a transient 

effect on the thermal transport between its flow and the 

tissues. Figure 1 shows the transient problem in 
consideration. A linear volumetric cooling is assumed, 
represented by: 

 
= - W AT  
 
where A is a constant and T is the instantaneous 

temperature inside the tissue body and the negative sign 
signifies the cooling condition. Figure 1 shows the problem 
in concern. 

 

 
 

Figure 1: Transient Problem Conditions 
 

Applying the energy conservation principle we can 
write: 
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i.e. the storage rate is equal to the net difference 

between the inflow and the outflow heat flux. Now the 
storage rate can be expressed as: 
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where ρ, c and Ac represent the density, specific heat 

and the cross-section of the tissue and Ti is the initial 
temperature of the tissue. Here the integral limits signifies 
the extent of the heat wave travel. Let δ be the extent of 
heat wave travel inside the tissue. Since there is no heat 
wave travel after the point  δ  hence the above equation can 
be written as: 
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Input heat flux can be written as: 
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k being the thermal conductivity of the tissue, and 

taking the negative sign of the cooling effect into account 
the output can be written as: 
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Now substituting the different values in the governing 

energy equation (1) and noting that the initial temperature is 
equal to 0, we get: 
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Now assuming a second degree polynomial for the 

temperature profile and using the boundary conditions as: 
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we get the temperature profile as: 
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Now substituting the temperature profile in Eq. (2) and 

solving the integral equation, we get the following solvable 
differential equation: 
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Now substituting δ2 = z and noting that z has two 

components, particular and homogeneous, the final solution 
takes the form: 
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where D is a constant. The value of D can be found out 

by applying the boundary condition: 
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Substituting the value of D in Eq. (3) and noting that δ2 

= z, we get the final expression for the heat wave travel 
inside the tissue as: 

 
2  

6 1
A t
ck e

A
ρδ

 
− 
 

 
 = − 
  

 

 
  and hence the final expression for the temperature 

profile for the transient condition of blood flow around the 
tissues is: 
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The heat flux associated with the above temperature 

distribution can be determined from the heat diffusion 
equation: 
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Substituting the temperature profile represented by Eq. 

(4) in Eq. (5), we get: 
 

0

2   

2  
 = 

6 1

c

A t
c

k A T
q

k e
A

ρ
 
− 
 

 
 − 
  

 

 
REFERENCES 

[1] B. Anvari, T. E. Milner, B. S. Tananbaum, S. Kimel, 
L. O. Svaasand and J. S. Nelson, "Selective cooling 
of biological tissues:application for thermally 
mediated therapeutic procedures," Physics in 
Medicine and Biology, 40, 241-252, 1995. 

[2] B. Anvari, B. S. Tananbaum, T. E. Milner, K. Tang, 
L. H. Liaw, K. Kalafus, S. Simel and J. S. Nelson, 
"Spatially selective photocoagulation of biological 
tissues:feasibility study utilizing cryogen spray 
cooling," Applied Optics, 35, 3314-3320, 1996. 

NSTI-Nanotech 2005, www.nsti.org, ISBN 0-9767985-0-6  Vol. 1, 200590



[3] A. Mal, F. Feng, M. Kabo, J. Wang, Y. B. Cohen, 
"Pressure and temperature distribution in biological 
tissues by focused ultrasound," Proceedings of SPIE 
� the International Society for Optical Engineering, 
5047, 286-296, 2003. 

[4] F. Manns, D. Borja, J. M. Parel, W. Smiddy and W. 
Culbertson, "Semianalytical thermal model for 
subablative laser heating of homogeneous 
nonperfused biological tissue:application to laser 
thermokeratoplasty," Journal of Biomedical Optics, 
8, 288-297, 2003. 

[5] X. M. Tian, "Research on the one-dimensional rule 
of instantaneous temperature in biological tissue 
caused by laser thermal effect," Chinese Journal of 
Biomedical Engineering, A29, 2002. 

[6] D. S. Zhong and L. Jing, "Analytical study on 
bioheat transfer problems with spatial or transient 
heating on skin surface or inside biological studies," 
Journal of Biomedical Engineering, 124, 638-649, 
2002. 

NSTI-Nanotech 2005, www.nsti.org, ISBN 0-9767985-0-6  Vol. 1, 2005 91


	Book1.1.pdf
	1132.pdf
	1132.pdf
	[13]  Lisa A. DeLouise, Peng Meng Kou, and Benjamin L. Mille



	Book1.2.pdf
	1064.pdf
	1064.pdf
	ABSTRACT
	2    TRIBOMECHANICAL ACTIVATION OF SOLIDS
	3     INDUCTION OF PROGRAMMED CELL DEATH-APOPTOSIS
	4    ANIMAL DATA
	5    HUMAN DATA

	CONCLUSION
	REFERENCES



	1124.pdf
	ABSTRACT
	To examine the roles of the adjuvant in antigen delivery, de
	INTRODUCTION
	EXPERIMENTAL
	RESULTS
	Phagocytosis of tomatine-antigen complexes by the DCs

	REFERENCES


	Book1.4.pdf
	825.pdf
	825.pdf
	 
	 
	ABSTRACT 
	The bioaccumulation of a large variety of inorganic trace elements in Bacillus subtilis was studied using an inductively coupled plasma mass spectrometer and compared to other related and unrelated species. Bacillus subtilis is a safe substitute for anthrax. Unique and reproducible chemical fingerprint for each species of organisms were determined. Additionally, it was found that these chemical signatures were very susceptible to laboratory and procedural effects, suggesting that this approach could be useful also as a forensic tool. In addition, quantitative analysis on these signatures have been performed to mathematically relate the chemical fingerprints of B. subtilis to the number of cells or spores present in an analyzed sample.  
	INTRODUCTION 
	METHODS 
	RESULTS 
	REFERENCE 




	828.pdf
	Elastic Properties of Aspergillus nidulans Studied with Atomic Force Microscopy 
	* Department of Chemical and Biochemical Engineering, UMBC, lzhao@umbc.edu 
	*** Department of Biological Science, UMBC, Baltimore, MD 21250 
	**** Department of Chemistry and Biochemistry, University of Maryland Baltimore County (UMBC), Baltimore, Maryland 21250 
	ABSTRACT 


	877.pdf
	ABSTRACT
	1.   INTRODUCTION
	3.  RESULTS
	REFERENCES


	175.pdf
	Nanofabrication of Bioselective Materials Using Diverse Nano


	Book1.5.1.pdf
	292.pdf
	292.pdf
	Nanotechnology  Based on Spatially Fixed DNA (RNA) Molecules
	ABSTRACT
	ON THE PRACTICAL APPLICATION OF NANOCONSTRUCTIONS
	The NaCs created by us are of interest for various areas of 





	557.pdf
	Testing

	307.pdf
	References

	743.pdf
	ABSTRACT
	1   INTRODUCTION
	MATERIALS AND METHODS
	REFERENCES



	Book1.7.pdf
	1158.pdf
	1158.pdf
	Testing the response to NO
	Results and discussion


	1169.pdf
	1. INTRODUCTION
	2. RESULTS


	Book1.8.pdf
	407.pdf
	Name
	Label
	Sequence

	569.pdf
	Controlling Colorimetric Reversibility of Polydiacetylene Su
	Ji-Seok Lee*, Joo Seop Lee*, Hyun Wook Park*, Cheol Hee Lee*
	Dong June Ahn**, and Jong-Man Kim*
	*Department of Chemical Engineering Hanyang University, Seou
	**Department of Chemical and Biological Engineering, Korea U
	dja@korea.ac.kr
	ABSTRACT
	We have investigated colorimetric reversibility of polydiace
	Keywords: biosensor, polydiacetylene, reversibility, supramo
	INTRODUCTION
	The development of efficient chemosensors based on conjugate
	Among the conjugated polymers reported to date, polydiacetyl
	Scheme 1 : Schematic representation of polymerization of ass
	The advantage of the nanostructured polydiacetylenes as sens
	The polydiacetylene-based chemosensors reported to date, however, function via irreversible fashion. Accordingly, once the blue-phase shifts to the red-phase upon a given external
	Figure 1 : Structures of diacetylene lipids investigated for
	EXPERIMENTAL SECTION
	Preparation of Diacetylene Lipid Monomers
	The diacetylenic lipid monomers investigated in this study w
	Figure 2 : Structures of diacetylene derivatives used for th
	Preparation of Polydiacetylene Supramolecules.
	The polydiacetylene vesicles employed in this investigation 
	Thermochromism of Polydiacetylene Vesicles.
	In order to investigate colorimetric reversibility of the po
	The polymer vesicle solution prepared with PCDA-mCPE 2, an e
	Next phase of current investigation focused on the effect of
	In order to gain more information on the role of the phenyl 
	The effect of hydrophobic carbon chain lengths on the revers
	We next investigated the effect of the terminal carboxylic g
	Final phase of colorimetric reversibility with polymer vesic
	RESULTS AND DISCUSSION
	Several aspects of the results described above warrant detai
	The observations made with polymer vesicles prepared with PC
	Another important factor for the reversible thermochromism i
	Investigation of the effect of the hydrophobic chain length 
	Terminal carboxylic acid is recommended for two major aspect
	CONCLUSION
	The observations made during our effort for the understanding of the structural effects of reversible polydiacetylene sensors have led to a conclusion. It seems most probable that
	The lipid monomers which afford polydiacetylene supramolecul
	REFERENCES
	D. tyler McQuade, Anthony E. Pullen and Timothy M. Swager, C
	Jelinek Raz, Kolusheva Sofiya, Biotechnology Advances, 19, 1
	A. Singh, R. B. Thompson and J. Schnur, J. Am. Chem. Soc. 12
	Yang Yi, Lu Yunfeng, Lu Mengcheng, Huang Jinman, Haddad Raid
	Lee Dong-Chan, Sahoo K. Sangrama, Cholli L. Ashok and Sandma
	U. Jonas, K, Shah, S. Norvez and D. H. Charych, J. Am. Chem.
	Ahn Dong June, Chae Eun-Hyuk, Lee Gil Sun, Shim Hee-Yong, Ch

	714.pdf
	V. Martins*, L.P. Fonseca*, H.A. Ferreira**, D.L. Graham**, 
	INTRODUCTION
	EXPERIMENTALS
	Chemicals
	Spin Valve Sensors and Chip Design
	Experimental Set-up
	Surface Functionalization
	Antibody Surface Functionalization
	DNA Surface Functionalization
	Magnetic Particles Functionalization
	Labeling and Setup Measurements

	RESULTS AND DISCUSSION
	CONCLUSIONS

	172.pdf
	A
	ABSTRACT
	INTRODUCTION
	CELLULAR COMMUNICATION
	PETRI NET METHODOLOGY
	A Petri Net Model of Cellular Communication
	A Detailed Petri Net Model of Cellular Communication

	CONCLUSION
	
	
	REFERENCES




	737.pdf
	Figure 1: Hybrid Computational Approach


	Book1.10.pdf
	1137.pdf
	1137.pdf
	ABSTRACT
	AKNOWLEDGEMENT
	REFERENCE


	1138.pdf
	Department of Mechanical and Aerospace Engineering


	Book1.11.pdf
	417.pdf
	417.pdf
	1  SEARCHING FOR OPTIMAL MIXERS
	2  NUMERICAL METHOD
	ACKNOWLEDGMENTS
	REFERENCES


	198.pdf
	Antimicrobial Fabrics Coated with Nano-Sized Silver Salt Cry
	CTT Group, 3000 Boullé, Saint-Hyacinthe,Canada, J2S 1H9,
	dtessier@groupecttgroup.com
	E. coli
	S. Aureus
	Fabric
	Not treated
	Not treated


	REFERENCES



	Book1.12.pdf
	680.pdf
	680.pdf
	Ana Morfesis* and David Fairhurst**
	*Malvern Instruments USA Inc., Southborough, MA, 01772 ana.morfesis@malvernusa.com
	1INTRODUCTION
	1.1Solar Radiation and Sunscreens
	3OPTICAL PROPERTIES


	3.3Formulation parameters
	
	
	
	4CONCLUSIONS










