
FACULTY OF ENGINEERING AND 
TECHNOLOGY

Department of Mechanical Engineering



BME504:Heat and Mass Transfer

Lecture 4

Instructor:
Aditya Veer Gautam



Conduction Introduction

• Heat transfer has direction as well as

magnitude, and thus it is a vector quantity
• Must specify both direction and magnitude in order to

describe heat transfer completely at a point.

• Question: In the figure below tell us whether

heat conduction is toward the inside

(indicating heat gain) or toward the outside

(indicating heat loss) or vice versa?

• To avoid such questions, a coordinate system and

indicate direction with plus or minus signs can be

developed



Different Kinds of Coordinate systems

• The notation T(x, y, z, t) implies that the temperature varies with the space 
variables x, y, and z as well as time.



MULTIDIMENSIONAL HEAT TRANSFER

•Heat transfer problems are also classified as being 
• one-dimensional, 
• two dimensional, or 
• three dimensional, 

depending on the relative magnitudes of heat transfer 
rates in different directions and the level of accuracy 
desired.
•A heat transfer problem is said to be one-dimensional if 
• the temperature in the medium varies in one direction only 

and thus heat is transferred in one direction, 
• the variation of temperature and thus heat transfer in other 

directions are negligible or zero.



MULTIDIMENSIONAL HEAT TRANSFER

• Fourier’s law of heat conduction for one-dimensional heat 
conduction as
• k is the thermal conductivity of the material, which is a measure of the 

ability of a material to conduct heat
• dT/dx is the temperature gradient, which is the slope of the temperature 

curve on a T-x diagram
• Heat is conducted in the direction of decreasing temperature, 

and thus the temperature gradient is negative when heat is 
conducted in the positive x-direction. The negative sign in 
equation ensures that heat transfer in the positive x-direction 
is a positive quantity



General relation for Fourier’s law of heat conduction
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