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Outline 
• Conduction heat transfer 

• Heat diffusion equation 

• SS one dimension no heat source 
• plane wall 

• Cylinder 

• Sphere 

• SS one dimension with heat source 

• Extended surfaces ( fins) 

• Transient conduction 
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Conduction 

• Heat flux is given by Fourier law 

 
A

q

dx

dT
kq x

x 

        is normal to the cross section area “A” or 
direction of heat flow will be always normal to 
surface of constant temperature.(isothermal 
surface). 

q 
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Thermal conductivity 

;
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Tabulated values of the 
thermophysical properties 
required for solution of heat 
transfer problems are provided 
in Appendix HT 

thermal conductivity of solid is larger than that of liquid which is larger than 

that of gases. As shown in figure 2.4 page 46 “k” of solids may be four orders 

of magnitude of that of gas. 

K solid>>K liquid>>K gas. 
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Insulation systems  

• Low thermal conductivity materials such as; wood, plastic or combined in manner 
to achieve lower system conductivity are called insulators. 

• For example: introducing voids (air or space voids) reducing bulk density as well. 
e.g. plastic foams. Different heat transfer modes do exist in the material 
conduction through solid, convection through voids or radiation through voids. 
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General heat diffusion equation  
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Plane wall 
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Alternative conduction Analysis 
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Electrical Analogy - conduction 
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Electrical Analogy - convection 
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Convection – conduction- convection 

Uploaded By: anonymousSTUDENTS-HUB.com



Convection – conduction- convection 
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Combined heat transfer 

• Derive expression for qx if convection or radiation exist at surface 1 

 

 

 

• For parallel resistant 

    
1
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Composite walls 
• Consider composite multilayer wall: A+B+C 

• By electrical analogy 

• Contact resistance 
The temperature drop across the interface 
between materials may be appreciable. This 
temperature change is attributed to what is 
known as the thermal contact resistance, Rt,c. 
Usually this resistance is neglected  
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Composite wall with convection 

Equivalent circuit  
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Interface temperatures 

• At Steady state same heat transfer rate in three layers and same as  convection. 

• May use this relation to find temperate at interface of wall layers once q is 
calculated. 
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Overall heat transfer coefficient 

• For above composite wall 

 

 

 

 

• If written as  

 

• Then  
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Example 16.1 Thermal Circuit Analysis–the Plane Wall 

A manufacturer of household appliances is proposing a self-cleaning oven design that involves use of a 

composite window separating the oven cavity from the room air. The composite is to consist of two 

high-temperature plastics (A and B) of thicknesses LA  =2LB and thermal conductivities kA  =0.15 and kB  

=0.08W/m.k. During the self-cleaning process, the inside window temperature Ts,i  is 385C, while the 

room air temperature T is 25C and the outside convection coefficient is 25W/m2.K . What is the 

minimum window thickness, L = LA  +LB, needed to ensure a temperature that is 50 C or less at the 

outer surface of the window during steady-state operation? This temperature must not be exceeded for 

safety reasons 

Assumptions: 

1. Steady-state conditions exist. 

2. Conduction through the window is one-

dimensional. 

3. Contact resistance between the 

plastics is negligible. 

4. Radiation transfer through the window 

is negligible. 

5. Plastics are homogenous with constant 
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Surface energy balance, hence, the heat flux into 

the node (surface) is equal to the heat flux out of the 

node (surface). As such, the heat rate can be 
expressed as 
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Cylindrical System 

• Fourier  law for conduction 

• qr  = kA  dT/dr 

• Consider a cylinder with T1, at r1, ; T2  at r2   length L. 

• Area of heat transfer is A = 2πr L 

• qr= -k  2πr L  dT/dr =  -2 π Lk  rdT/dr  

• q= constant; rearrange equation 

 

• Integrating 

• 𝑞𝑟 ln(𝑟2

𝑟1 
)=2𝜋𝐿𝑘(𝑇2−𝑇1)  
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Cylindrical System 
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Composite system 

If U is defined in terms of the inside area, A1= 2πr1L 
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Spherical systems 

• Consider a sphere with B.C.:  T(r = r1)=T1, T(r = r2)= T2. 

• Fourier Law: 

 for sphere A=4л r2; qr= constant 
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Example 16.3 Thermal Circuit Analysis–Spherical System 
A spherical, thin-walled metallic container is used to store liquid nitrogen at 77 K. The container has a 

diameter of 0.5 m and is covered with an evacuated, reflective insulation composed of silica powder. The 

insulation is 25 mm thick, and its outer surface is exposed to ambient air at 300 K. The convection 

coefficient is known to be  20 W/m2.K.The heat of vaporization and the density of liquid nitrogen are 2X  

105
 J/kg and 804 kg/m3, respectively. 

(a) What is the rate of heat transfer to the liquid nitrogen? 

(b) What is the rate of liquid boil-off (liters/day)? 
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Assumptions: 

1. Steady-state heat transfer. 

2. One-dimensional transfer in the radial direction. 

3. Negligible resistance to heat transfer through the container wall and from the container to the nitrogen. 

4. Negligible radiation exchange between outer surface of insulation and surroundings. 
5. Constant properties. 
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Conduction with Energy Generation 
Consider the plane wall of Fig. 16.11a, in which there is uniform energy generation per unit 

volume ( is constant) and the surfaces are maintained at Ts,1 and Ts,2. For constant thermal 
conductivity k, the appropriate form of the heat equation 

T (-L)  =Ts,1      and T (L) = Ts,2 
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Conduction with Energy Generation 

The preceding result simplifies when both surfaces are maintained at a 
common temperature, Ts,1=Ts,2 = Ts as shown in Fig. 16.11b. 

The maximum temperature exists at the midplane, x = 0 

The surface energy balance, has the form qcond  
=qconv,=Generation or using surface balance gives; 
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Example 16.4 Energy Generation in a Plane Wall 

A plane wall is a composite of two materials, A and B. The wall of material A has uniform energy 

generation W/m3, kA  =75 W/m.K, and thickness LA  =50 mm. The wall of material B has no generation, 

with kB  =150 and thickness LB  =20 mm. The inner surface of material A is well insulated, while the outer 

surface of material B is cooled by a water stream with T  =30C and h = 1000W/m2.K 

(a) Determine the temperature T0 of the insulated surface and the temperature T2 of the cooled surface. 

(b) Sketch the temperature distribution that exists in the composite under steady-state conditions. 

Assumptions: 

1. Steady-state conditions. 

2. One-dimensional conduction in x-direction. 

3. Negligible contact resistance between walls. 

4. Inner surface of A is adiabatic. 
5. Constant properties for materials A and B. 
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Conduction – convection systems 

• Extended surfaces are used to enhance rate of heat transfer. 

• Conduction transfer in the solid is followed by convection from the 
surface to the fluid. 

 

Electronic components 

innovative fin designs to 

increase rate if heat transfer. 

Thin plate fins of a car 

radiator and innovative fin 

designs to increase rate if 

heat transfer. Uploaded By: anonymousSTUDENTS-HUB.com



Fin types 
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Fin types 

• Straight fin with uniform cross section. 

 

 

 

• Straight fin with non-uniform cross section (triangle profile). 

 

• Annular (circumferential) fin 

 

 

• Pin fin (cross section). 
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Fin Model uniform cross section   

• Rectangular or pin (circular) fins have constant cross section area Ac=const=A  

• Base temperature Tb=T(x=0) 

• Fluid temperature T∞  

• Surface area  PXAs  PdxdAs 

Where P: perimeter, then  

0
dx

dAc P
dx

dAs 

• Simplifying fin equation  0)(
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• General solution  mxmx ececx  21)( constants c1 and c2 evaluated from first B.C  
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B.C 
• first B.C at the base (x=0) where T=Tb 

 

 

• second B.C depends on physical condition at other end 

• Case A: infinite fin (very long fin)  

• Case B: Negligible convection (insulated)or adiabatic  
tip 

• Case C: Prescribed or finite temperature at tip  

• Case D: active tip (convection at the tip (x=L) ) 

bTxT  )0(
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21 ccb 
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Solutions  Case A infinite fin ( very long fin) 

• Temperature distribution in fin 

 

• Total heat transfer from fin 
• Energy balance over entire fin 

 

 
• Convection for fin surface 
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Fin temperature and heat loss 
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Example 16.6 p. 381 
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Fin performance 

• Fins are added to increase surface area and enhance heat transfer, 
however additional conductance is added by these fins, hence 
increase of heat transfer may not be realized. 

 

• Fin effectiveness  

 

 

• Fin efficiency ɳf  = 
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f q
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Fin effectiveness  

Where  cross section area at base 

 

• for case A: very long fin (approximate case) 

 

• Conclusion from above equation 
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1) Choose fin material of high conductivity e.g steel, Al 

 

2) Design fins to maximize  for example use thin fins.  

 

3) Fins are used for low “h” values, for example for gases (h low) not for liquids.  In case of 

liquid gas heat exchanger fins are place in the gas side e.g car radiator. 
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Fin efficiency ɳf 

• Fin efficiency = 

 

•  Maximum heat transfer from fin could occur if entire fin is at base temperature, where 
maximum driving for           exist. 

• Actually       decrease along the fin and                        is decreasing  

• Max temperature difference at the base or when entire fin remains at base temperature. 

 

 

 is the fin surface area 

• Hence  qf =ɳf qmax 
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Corrected length 
• Converting Active fin to adiabatic using corrected length. 

• For rod Correction = D/4 

• For rectangular  correction thickness/2. 
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Circumferential fins 

• Converting Active fin to 
adiabatic using corrected 
length. 

• For rod Correction = D/4 

• For rectangular  correction 
thickness/2. 
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Fins efficiency curves 
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Outline 
• Heat diffusion equation 

• SS one dimension no heat source 
• plane wall 

• Cylinder 

• Sphere 
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• Extended surfaces ( fins) 

• Transient conduction 
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Transient Conduction 

• Many of heat transfer problems are time dependent and unsteady ; they are 
called transient .  

• So far in this chapter only steady state 1- dimension problems were discussed. 

• To determine transient temperature distribution within a solid, we can begin by 
solving the transient heat diffusion equation developed in chapter two. 
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Simple case 
• In some cases conduction thermal resistance can be very small when compared 

with the convection from outer surface,  

• or the conductivity is very high such that uniform temperature may be assumed 
at any given instant.  

• In such case a simple approach is used which is known as the lumped capacitance 
method LCM. 

• Transient conduction resulting from a change in convection conditions. e.g 
quenching of a ball. 

• Objective to develop temperature as function of time and rate of heat transfer 
and total heat transfer.  
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Lumped Capacitance Method 

•  Solid at some initial temperature experience a sudden change in its 
thermal environment. e.g.  Hot ball is quenched in a liquid at T∞. 

 

• L.C.M assumes a spatially uniform temperature at any instant. This 
implies, or infinite conductivity or neglected conduction thermal 
resistance in the solid when compared with heat transfer with the 
surrounding.  

 

 

0
dx

dT
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LCM 
• Overall energy balance on the object: 

• Initially at time=t =0 temperature is Ti =T (t=0), the rate of heat lost at surface by 
convection is equal to the rate of change of stored energy (internal energy) of 
solid. 
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LCM 

• Thermal time constant 

 

 Where (Rt=1/hAs) thermal resistance of convection. 

And Lumped thermal capacitance: 

 Larger values of  

 

Means slower response of system it takes longer to cool down (T      T∞ or Ө =0). 

Analogous to voltage decay that occurs when a capacitor is discharged through a 
resistor in an electrical RC circuit.  
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Validity of LCM 
• At steady state  
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Biot number is the ratio of conduction resistance to the 

convection resistance. Bi: dimensionless group. 

Bi<<1,  Rcond << Rconv uniform temperature may be 

assumed in solid. Bi<0.1 

In general 

k
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hV

k
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Bi sc 

Lc: characteristics length. Lc= V/As = Volume/Surface 

Area. For : 

a) 2L thick wall Lc=L 

b) Long cylinder Lc= r0/2. 

c) Sphere Lc= r0/3. 
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Biot & Fourier numbers 
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Heat transfer 

• Energy transfer Q occurring from t=o up to time‘t’ is given as  
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Example 16.8 p. 390 Moran 2003. 
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End of conduction 
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