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ME109&& & & Midterm(#1((3(problems(–(45(points)& 3/2/15&
&
Problem&1&(15&pts)&
&
The& figure& below& depicts& a& plane& wall& composed& of& two&materials& of& infinite& extend.&Material& A& has&
thickness&LA&=&5&cm,&thermal&conductivity&kA&=&30&W/mK&and&internal&heat&generation&rate&

€ 

˙ q =&105&W/m3.&
Material&B&has&thickness&LB&=&10&cm,&thermal&conductivity&kB&=&20&W/mK,&but&no&internal&heat&generation.&
The&left&face&of&material&A&is&perfectly&insulated,&and&the&right&face&of&material&B&is&exposed&to&a&fluid&of&

temperature&T∞&=&20
oC&with&h&=&100&W/m2K.&Determine&the&temperatures&of&&

& a)&the&exposed&surface&of&material&B,&T3,&(5&pts)&
& b)&the&junction&of&the&two&materials,&T2,&(5&pts)&&
& c)&the&insulated&surface,&T1&(5&pts)&
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Problem&2&(15&pts)&
&
A&very&long&rod&of&diameter&D=0.02&m,&and&thermal&conductivity&k&=&40&W/mK&protrudes&from&a&furnace&
wall& that& is&at&Tw=300oC&and&covered&by& insulation&of& length&Lins=0.3&m.&The&exposed&part&of& the&rod& is&

subjected&to&convection&to&a&fluid&of&temperature&T∞&=&20
oC&with&h&=&20&W/m2K.&&

a) Find&the&temperature&T1&at&the&end&of&the&insulation&(10&pts)&
b) Find&the&heat&transfer&from&the&wall&through&the&fin&(5pts)&
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Problem&3&(15pts)&
&
A& cylinder& of,& radius& ro=10cm,& thermal& diffusivity& α=10R6& m2/s,& thermal& conductivity& k& =& 10&
W/mK&is&initially&at&uniform&temperature&Ti=400oC.&The&cylinder&surface&of&the&plate&is&suddenly&
exposed&to&a&fluid&stream&of&temperature&T∞=50oC&and&a&heat&transfer&coefficient&h=100W/m2K.&
& a)&&&Determine&whether&the&lumped&capacitance&approximation&is&valid&or&not.&(2&pts)&

b) Calculate&the&elapsed&time&for&the&exposed&surface&temperature&to&be&100oC.&(8&pts)&
c) Find&the&axis&temperature&(r=0)&at&the&time&determined&in&(b).&(5&pts)&

&
Coefficients5and5the5table5of5the5Bessel5functions5are5given5in5the5next5pages.&
&
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