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ME 315 Exam 3
July 29, 2015
4:30 p.m. to 6:30 p.m.

INSTRUCTIONS

. This is a closed book and closed notes examination. You are provided with an equation sheet
and any required tables.

. Do not hesitate to ask the instructor if you do not understand a problem statement.

. Start each problem on the same page as the problem statement. Write on only one side of the
page. Materials on the back side of the page will not be graded.

. Put only one problem on a page. Another problem on the same page will not be graded.

. Show system/control volume and list relevant assumptions.

. If you give multiple solutions, you will receive only a partial credit although one of the solutions
might be correct. Delete the solution you do not want graded.

. For your own benefit, please write ciearly and legibly. Maximum credit for each problem is
indicated below.

. After you have compieted the exam, at your seat put your papers in order. This may mean that
you have to remove the staple and re-staple. Do not turn in loose pages.

. Once time is called you will have three minutes to turn in your exam. Points will be subtracted
for exams turned in after these three minutes.

Problem Possible Score
1 35
2 3
3 30
Total 100
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Problem 1 (35 points) Consider a thin coating, applied to a long cylindrical copper rod of
diameter 10 mm, cured by placing horizontally in a large furnace whose walls are maintained at
1300 K. Initially the rods are at 300 K. The furnace has air at 1300 K with convective heat
transfer coefficient of 15 W/m>-K on surface of the copper rods. The surface of the rods is
opaque and the spectral emissivity of the coating varies with wavelength as shown below.

Density of copper = 8900 m*/kg; Specific heat of copper = 385 J/kg-K
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(a) Calculate the total emissivity of the coated rod surface.
(b) Calculate the total absorptivity of the coated rod surface.

(c) Can the rod surface be considered gray when the initial surface temperature is 300 K? Why
or why not?

(d) Determine the initial rate of change of temperature (K/s) of the rod.

() Can the rod surface be considered gray at steady state conditions? Why or why not?

Show system/control volume and list relevant assumptions.
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Problem 1 (continued)
AsSu\m?)ﬁ'Cns
Constoust propert €s , : O
umffovm CﬁhvecﬁOn on ’Tﬂe enhre _S'M'yfmc_e )
ble C'Omcjuc"ﬁ on thin cthe "fOc{

Neﬂ“j)
Diffuse > €a=Xa , Upque =y =D

So‘u‘ﬁOVl

= 0.4 F(O24 pm) +.0.8 ;<4/um~>oz>) é‘
at QQTS i L}./um # 300K = fZDO/L(W\-'K

Table i2.1: F (0> 4pm) = 0.002(34 \@j

i:(q_/\m —>R) = |- F£(6>Fum) = 0.99%866
‘E?O.Sl@
‘ 50 50
() of= Gobsobed _ J*2Gn 2 [% Bapdr
G @ Taada S Expen

Since ﬁAYY\QCQ S ‘O\Y(ef‘(& ‘,Tﬁxe \\YY‘GCJ‘\.O:(-FDH Fﬁ”“"\j on the
C?LL»’F’\C‘Q ?‘W‘OW\ 'fbwm(\(‘e .Luf‘\HS 'S hlad:lobd), emiscion .O:r _(V
ol= 0.4 Flo >4 pm) + 0.8 F(Fpm—>02)
at X TN = 4//\\/7’\ » {300 kK = 5200 k

Table 12.): F (0O —>4—]~“"\) =U.6589%0 5
FL%/MWW 00 =2 0:.34188

A= 0.536 &




First Name Last Name

Problem 1 (continued)
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Problem 2 (35 points) Consider a long duct constructed with diffuse, gray walls each of which
is 1 m wide as shown below. The bottom horizontal wall of the duct is well-insulated and
convection inside the duct is negligibly small.

A2, T2 =700 K
A1, T1 =1000 K €= 0.5
g1 =0.33

A3, T3, €3 — 0.8

Tm

(a) Calculate Fy,, Fy3, and Fas.
(b) Draw a thermal circuit showing appropriate resistances.

(c) Calculate the rate of radiative heat transfer per unit length (W/m) for A,.

Show system/control volume and list relevant assumptions.
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Problem 2 (continued)
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Problem 2 (continued)
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Problem 3 (30 points) Answer the following questions.

(a) Consider two solids each having thickness L. The solid on the left is insulated on the left side
and uniform volumetric heat generation at the rate ¢ occurs in it while the solid on the right side

is exposed to convective fluid. The thermal conductivity of the solid on the right is twice that of
the thermal conductivity of solid on the left. Assume one-dimensional heat conduction and
perfect contact between the solids.

Sketch the qualitative temperature distribution through the two solids at steady state showing all
important features. Provide necessary justification. (5 points)
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(b) What is the physical interpretation of the Biot number? (5 points)
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Problem 3 (continued)

(c) Which of the following processes are related to convection heat transfer? (5 points)
(Advestion” G) Absorption

Emission / &iffu_si/orp

(d) Consider fluid flow over two objects of the same geometric shape.
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Which of the following is true? Provide necessary justification. (5 points)
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Problem 3 (continued)

() The surface of the sun can be considered as blackbody at a temperature of 5800 K. Calculate
the wavelength corresponding to the maximum spectral emissive power for the sun. (5 points)
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(f) Can the irradiation from the sun directly incident on a human being on the surface of the earth
be considered diffuse? Provide necessary justification. (5 points)
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