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٢-٤ An infinite plate having a thickness of ٢٫٥ cm is initially at a temperature of ١٥٠◦C, and 
the surface temperature is suddenly lowered to ٣٠◦C. The thermal diffusivity of the material 

is ٦−١٠×١.٨ m٢/s. Calculate the center-plate temperature after ١ min by summing the first 

four nonzero terms of Equation (٣-٤). Check the answer using the Heisler charts. 
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٦-٤ A piece of aluminum weighing ٦ kg and initially at a temperature of ٣٠٠◦C 
is suddenly immersed in a fluid at ٢٠◦C. The convection heat-transfer coefficient 

is ٥٨W/m٢◦C.Taking the aluminum as a sphere having the same weight as that 

given, estimate the time required to cool the aluminum to ٩٠◦C, using the 

lumped-capacity method of analysis. 
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١٠-٤ A stainless-steel rod (١٨٪ Cr, ٨٪ Ni) ٦٫٤ mm in diameter is initially at a uniform 
temperature of ٢٥◦C and is suddenly immersed in a liquid at ١٥٠◦C with h= ١٢٠ W/m٢ ◦C. 

Using the lumped-capacity method of analysis, calculate the time necessary for the rod 

temperature to reach ١٢٠◦C. 
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 ) . لكن في حاله عدم تحديد طريقه الحل نستخدم lumpedوهي (ه الحل محدد طريق في جميع الاسئلة السابقه كان السؤال

biot number  .لتحديد طريقه الحل  

 

 

١٦-٤ A ١٢-mm-diameter aluminum sphere is heated to a uniform temperature of ٤٠٠◦C and 
then suddenly subjected to room air at ٢٠◦C with a convection heat-transfer coefficient of 

١٠ W/m٢ ฀ ◦C. Calculate the time for the center temperature of the sphere to reach ٢٠٠◦C. 
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٢١-٤ A very large slab of copper is initially at a temperature of ٣٠٠◦C. The surface 
temperature is suddenly lowered to ٣٥◦C. What is the temperature at a depth of ٧٫٥ cm ٤ 

min after the surface temperature is changed? 
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٢٦-٤ A large slab of copper is initially at a uniform temperature of ٩٠◦C. Its surface 
temperature is suddenly lowered to ٣٠◦C. Calculate the heat-transfer rate through a plane 

٧٫٥ cm from the surface ١٠ s after the surface temperature is lowered. 
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٢٧-٤ A large slab of aluminum at a uniform temperature of ٣٠◦C is suddenly exposed to a 
constant surface heat flux of ١٥ kW/m٢. What is the temperature at a depth of ٢٫٥ cm after 

٢ min? 
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٤٥-٤ A semi-infinite solid of stainless steel (١٨٪ Cr, ٨٪ Ni) is initially at a uniform 
temperature of ٠◦C. The surface is pulsed with a laser with ١٠ MJ/m٢ instantaneous 

energy. Calculate the temperature at the surface and depth of ١ cm after a time of ٣ s. 

٢٤-٤ A semi-infinite slab of material having k =٠٫١ W/m ・季◦C and α=٧−١٠×١٫١m٢/s is 

maintained at an initially uniform temperature of ٢٠◦C. Calculate the temperature at a depth 

of ٥ cm after ١٠٠ s if (a) the surface temperature is suddenly raised to ١٥٠◦C, (b) the surface 

is suddenly exposed to a convection source with h=٤٠W/m٢ ◦C and ١٥٠◦C, and (c) the 

surface is suddenly exposed to a constant heat flux of ٣٥٠ W/m٢. 
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