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UNSTEADY STATE HEAT TRANSFER 

 

PURPOSE 

The purpose is to examine the temperature distribution along the brass rod maintained at two fixed 

temperatures and the heat loss from this rod. 

 

THEORY 

A summary of the relevant basic information and a computer program for the theoretical solution 

are given. 

 

THE EXPERIMENTAL SETUP 

It is a cylindrical brass rod (diameter: 4cm, length: 80cm) that is heated by electric power from its 

end sides and placed in a thermometer in various positions along its length. 

 

EXPERIMENTAL METHOD 

The two ends of the cylindrical brass rod are heated to 150 ºC with electrical resistances and are 

kept constant at this temperature. Every 1 minutes, the temperatures are read from the thermometers 

placed along the rod at the same time. This process lasts up to 10 minutes after the thermometers in 

the rod have reached 150 ºC. The obtained data are recorded in the table. The ambient temperature 

is also measured. 

 

CALCULATIONS 

1. Calculate the average heat transfer coefficient (h) between the cylinder surface and the air under 

the following conditions.  

a) Steady state, 

b) The air is completely stagnant (no convection currents), 

c) The cylinder surface temperature (Tw) is constant, 

d) The temperature of the air is equal to the temperature (T∞) at r = 785R from the outer surface 

of the cylinder. 

 

2. Calculate the average heat transfer coefficient between the cylinder surface and the air for a 

natural convection state using an average temperature for the rod. Calculate the heat loss from 

the rod by natural convection. 

 

3. If it is assumed that dT / dx = 0 should be in the middle of the rod due to symmetry, half of the 

rod can be considered as a perfectly isolated cylindrical fin held at one end Ts temperature and 

the other end perfectly insulated. Under these circumstances, for steady state. 

a) Determine the temperature distribution along the rod (8cm interval). 

b) Calculate the heat loss from the rod to the environment. 

 

4. Using the first two terms of the series sum in the expression of the temperature distribution 

obtained for unsteady state heat transfer from horizontal rod whose ends are kept at constant 

temperature, obtained the temperature distribution along the bar (8cm interval) at t=10. minute. 

Compare these results with your experimental data on the same graph. Also, add the steady state 

data you obtained in (3) on the same graph. 

 



NOTE: 1) In the appendix, a sample program written in BASIC that allows to obtain the 

temperature distribution by using more terms of the series sum of the expression derived for 

unsteady state heat transfer from horizontal rod whose ends are kept at constant temperature and 

the temperature distribution graph obtained for different times are given. You can use a similar 

program for the solution. 

2) Temperature distribution for the unsteady state (parabolic partial differential equation,              
  

  
  

   

   
) can also be obtained by using numerical methods (explicit method, Crank-Nicholson 

Methods etc.) in MATLAB. 

 

 

HEAT TRANSFER THROUGH STAGNANT FLUID ENVIRONMENT FROM 

CYLINDER SURFACE 

 

Assumptions: 

 Cylinder outer surface temperature Tw = constant 

 Steady state 

 In the case of ∂r = 785R T = T∞ 
 

 
 

Energy equation for shell: 
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If dividing this equation by (2πLhΔr) and taking the limit in Δr → 0, 
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Boundary Condition 1: r=R  ;         T=TwTw=C1lnR+C2 

Boundary Condition 2: r=785R ;      T=T∞ T∞= C1ln(785R)+C2 
 

In this case; 
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Using Newton's cooling law, 
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NOTE: For convective heat transfer of vertical surface from single cylinder; 
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When the velocity of the fluid approaches zero (Re → 0); (Nu → 0,3), this result is the same as that 

obtained above. 

 

 

HEAT TRANSFER BY NATURAL CONVECTION FROM HORIZONTAL CYLINDER 
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Rayleigh Number  Ra=Gr.Pr 
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The properties of the fluids are taken as Tf = (Tw + T∞) / 2 at the film temperature. 

 

Tw: Cylinder outer surface temperature 

T∞: Ambient temperature 

 

 

 

 

 

 

 

 

 



HEAT LOSS FROM CYLINDRICAL FIN (STEADY STATE) 

 

One end is very well insulated, the other end is constant at (Ts) temperature. At the isolated end, 

(dT/dx)x=L =0. 
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The general solution of this differential equation is:          
       

     
 

Boundary Condition 1: x=0  ;                                  

Boundary Condition 2:      x=L ;       
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From the general solution;             
  

  
      

        
    

 

B.C.2            
        

       

B.C.1            

 

The common solution of these two equations is: 
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Heat loss to the environment: 
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From the temperature distribution expression;         
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UNSTEADY STATE HEAT TRANSFER FROM HORIZANTAL ROD WHOSE ENDS ARE 

KEPT AT CONSTANT TEMPERATURE 

 

 
 

                              
 

 

If the energy balance is written for the shell, paying attention to the fact that the heat transfer by the 

conduction is in the -x direction; 
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Dividing it by Δx and taking the limit when Δx → 0; 
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If we define a new variable and   it will be defined as θ=(u)(e
-nt

) and if the above equation is 

rearranged; 

  

  
  

   

   
 

 

Initial Condition :                    (     )     

Boundary Condition 1:                  (     ) 
      

   

Boundary Condition 2:                  (     ) 
      

   
 

By taking advantage of these initial and boundary conditions, the temperature distribution can be 

obtained from the solution of the above partial differential equation. 
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The first term on the right side of this equation is the solution for the “steady state”. By considering 

the difference in the -x direction and (β/α)
0,5

=m, it is seen that this term is the same as the 

temperature distribution obtained from steady state heat loss from cylindrical fin whose one end is 

isolated in the previous section. 

 

  



Appendix: A sample program and output 
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DATA TABLE 

Ambient Temperature (T∞):                                   

 

                  
Time (min) T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

 


