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A "spherical" vessel used as a reactor for producing pharmaceuticals has a 10 mm thick 
stainless-steel wall and an inner diameter of 1m, as shown below with insulation. The exterior 
surface (r3) of the vessel is exposed to ambient air with a convective heat transfer coefficient 
and the thermal conductivity of the pharmaceuticals is 8.55 W/m2-K., with an internal heat 
generation rate of  

a) What is roadmap to determine resistances for thermal circuit.
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EXTERIOR “STEADY” SURFACE TEMPERATURE
#1 Energy Conservation
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EXTERIOR “INSULATION” SURFACE TEMPERATURE
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SPHERE CENTER TEMPERAURE
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CENTER TEMPERATURE
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HEAT FLUX

11/21/2022MECH-420 Heat Transfer Study Aid

3.5

2.5
1

1

"
2

3.
3

5

2.

3

3

3
3 2

2

5
1

.5

.

2

2 2 5
1

[ [ ]

2.5 1( )
5 5.5

0

( )

2.5 1( )
5 5.5

2 )

1

1

.5 1( ]
5 5.5

1

o

o

o

SdT rr
dr k r

r r
W dTq r k
m dr

S rk r
k r

rS r
r

W m

m

m

m
Wm

m m

  = − −      
≤ ≤

  = −  
   = − − −       

     = −    
 
        

8



HEAT RATE and Egen
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Consider a Seagram’s Wine Cooler refrigerated at temperature Tm = 5C after a long 
Heat Exam. The kitchen temperature on a hot summer day is 30C. The rectangular sides 
have a height of 200 mm and a width of 100 mm. As the carton is taken from the 
refrigerator, it experiences a convective heat transfer coefficient of 10 W/m2-K and has 
a surface emissivity of 0.90. The density is 2700 kg/m3, and the specific heat is 900 J/kg-
K, and assume the surrounding temperature is 30C.

a) Applying the 1st Law, what is the parametric road map expression to determine the 
initial rate of change of temperature.
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