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ME315 - Heat and Mass Transfer
School of Mechanical Engineering
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Final Exam
December 13, 2017

Read Instructions Carefully:

e Write your name on each page and circle your division number.

e Equation sheet and tables are attached to this exam. Three pages of US letter-size crib sheets
are allowed.

No books, notes, and other materials are allowed.

ME Exam Calculator Policy is enforced. Only TI-30XIIS and TI-30XA are allowed.

Power off all other digital devices, such as computer/tablet/phone and smart watch/glasses.
Keep all the pages in order.

You are asked to write your assumptions and answers to sub-problems in designated areas.
Write on front side of the page only. If needed, you can insert extra pages but mark this
clearly in the designated areas.

Performance
1 25
2 25
3 25
4 25
Total 100




Circle your division: 12 3 4 Name

Problem 1 [25 points]

(a) [6 points] Consider a system consisting of two solid slabs, each of thickness L. The first slab
is insulated on the left side, and a uniform volumetric heat generation at a rate (q) occurs in it.
The thermal conductivity of the second slab is twice that of the thermal conductivity of the first
slab. Assume one-dimensional heat conduction, steady-state conditions, and perfect contact
between the two slabs. Sketch the temperature distribution through the two slabs, labeling
correctly important slopes.
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Circle your division: 12 3 4 Name

Problem 1 — continued

(b) [6 points] Two rectangular fins built from the same material are designed such that they have
the same cross sectional area but different aspect ratio. Fin 1 has w1=10 cm and t;=2 mm, and
Fin 2 has w>=5 cm and t;=4 mm. Both fins have the same length L and can be assumed as long
fins. Apparently both fins use the same amount of materials to make, but which fin design is
more effective in enhancing heat transfer? Justify your answer.

TapLE 3.4  Temperature distribution and heat loss for fins of uniform cross section

Tip Condition Temperature Fin Heat
Case (x=1L) Distribution 6/, Transfer Rate g
A gﬁ?ﬁ:g;“on heat cosh m(L — x) + (h/mk) sinh m(L — x) sinh mL + (h/mk) cosh mL
11((9(1;) :’ 7;\,(19/0.‘)(‘_\# cosh mL + (h/mk) sinh mL cosh mL + (h/mk) sinh mL
(3.75) (SN
B Adiabatic: coshm(L — x)
S P M tanh mL
dgldx— = 0 cosh mL i
(3.80) (3.81)
G Prescribed temperature:
B(L) =8, (8,/6,,) sinh mx + sinh m(L — x) (coshmL — 6,/0)
sinhmL sinh mL
(3.82) (3.83)
D Infinite fin (L — =):
B(L) =0 oM (3.84) M (3.85)
e=T=T, m* = hPlkA,

6,=00)=T,—-T, M = N hPkA B,
/\/IJW ﬁ | Qc-b;/‘/.e'
3 Fin | ware offee
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L 7}=‘| hPkAC 0p o 5{ hAc

P = Z(t‘+w,) = 0204
\
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Circle your division: 12 3 4 Name

Problem 1 — continued

(c) [7 points] A cup of hot coffee is initially at a uniform temperature of 80°C, while the ambient
air is at a constant temperature of 25°C. Assume the paper cup to be a cylinder with diameter of 6
cm and height of 10cm, and neglect heat transfer from the top and bottom surfaces. The
convective heat transfer coefficient h outside of the cup is 10W/m?-K. The thermal conductivity
of coffee can be assumed as that of water, 0.67W/m-K. The conduction resistance of the cup wall
can be neglected.

Can you assume the temperature of the coffee to be uniform as it cools down? Justify your

answer. o
v L D

SD[A/\'['/&’V\: LC’—:-—’—“ — — = 00l§M

(1

—

As oL
N PESAI

th Mt-ﬁyl‘ﬁ’\

Page 4 of 5



Circle your division: 12 3 4 Name

Problem 1 — continued

(d) [6 points] Water is supplied at a flow rate m and temperature T; to a circular tube of diameter
D. Different boundary conditions are applied at different locations along the length of the tube:
Section A: uniform heat flux, q,

Section B: insulated

Section C: uniform wall temperature Ty with a value equal to the wall temperature at the end of
Section A

Qualitatively sketch the mean water temperature along the tube. Describe the key features of
your curves of each section.
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Problem 2 [25 points]

Consider a hot-wire anemormeter as shown below. The anemometer is to measure the velocity of
fluid flow by analyzing heat transfer around a wire whose diameter is D, length is L and
temperature is maintained at a constant temperature (7',). During operation, electric voltage (E)
is applied to the wire, whose resistance is R,,, so that the heat is generated and dissipated to the
fluid whose kinematic viscosity, thermal conductivity and diffusivity are v, %k, and o
respectively. A feedback control circuit is employed to adjust the electric voltage to maintain the
wire temperature at a given operating temperature. Design conditions pertain to an airstream at
T =20°C and 1 < Uy < 50 m/s with a wire temperature of T;, = 100 °C. Answer the following
questions.

Wil’e Temperature (7,
' Resistance (R,,)
Electric Voltage (F)

Supporting

Velocity (U,) rods
Temperature (T,

(2) Formulate the relation between the electric voltage (E) and the flow velocity (U.) by
performing energy balance analysis around the wire using given symbols and relevant empirical
. correlations in the Equation sheet. You may neglect the conduction heat loss through the
supporting rods,

(b) If the accuracy of the wire temperature control is & 2.0 °C, what is the uncertainty of in the
velocity measurements? If the wire temperature increases to 200 °C, what will be the
uncertainty? '

() If the conduction loss through the supporting rod becomes not negligible and reaches 10% of
the heat generated along the wire, explain whether the value of measured velocity over-predict or
under-predict the true flow velocity (Uy). Your explanation should be based on the energy
balance analysis around the wire.
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Problem 3 [25 points]

Inside a large room, a small thin flat plate is fully coated with an opaque layer of paint, horizontally
placed under direct sun light through a small open window. The backside of the plate is thermally

insulated. The sun is known to have a surface temperature of A
Tsun=5800K and the solar irradiation onto the plate surface is To= < Vo
known as Gs=500W/m?. The ambient air temperature is T..=300K 5800K AgQ

with a natural convective heat transfer coefficient of
h=10W/(m?K). The room wall also has a temperature of

Tsur=300K and an emissivity of &sur=0.5. At a certain time 1, =T, .=300K
instant, the plate has at a uniform temperature of Ts=320K. The h=10W/(m’K)
paint surface is diffuse and its spectral emissivity is known to be:
_ (0.2 for 0 <A <1um .
= {0.8 for A>1um ' 1('3

TS! €,

(a) Calculate the total surface emissivity (g) of the plate.

(b) Calculate the total absorptivity of the plate to solar radiation
(as) and the total absorptivity of the plate to radiation from the wall of the room (asurr).

(c) Calculate the total irradiation (G) onto the plate and the total radiosity (J) of the plate (W/m?).

(d) Calculate the net heat flux of the plate at this moment (W/m?).

Blackbody Radiation Functions (Table 12.2 from Textbook)

AT I, A, TVoT* 1,4A, 1) AT LiyA, Do T? LA, T
(zm - K) Foo (am - K-sr)”! LA ae T) (pm - K) Fo_n (pm - K -sr)™! LA T)
200 0:000000 0.375034 X ’”_ﬁl 0000000 : 6.200 0.754140 0.249723 X 1074 0.345724
400 n.(xx_nm 0490335 X :u;:- 0.000000 : 6400 0.769234 0230985 0319783
:::: 2;::::‘:2 ::;gl“l"::: ;2_, ::z::‘l":;‘: ' 6.600 0.783199 0213786 0.295973
1,000 u‘(m:'ml (lll nw;i x 1073 ta'uu-;m; : SOR sale bbb L5
1'100 n‘mﬁ;.; ulsn;nA? ol o n-m‘“u i 7,000 0.808109 0.183534 0.254090
|:nn ”‘m;?;)" ”"I '“TI 10~ ("m;]‘s N : 7,200 0.819217 0.170256 x 1074 0.235708
. ‘ﬁ'“ n‘mu’.'ls l’ll"-_l'-}l 30 “'u-w“:“ : 7.400 (.829527 0.158073 0.218842
| 's.on u.m‘)u : U;TH& n"ﬁ i H 7.600 0.839102 0.146891 0.203360
ﬂ.nm n‘uéc.:nx u‘:w_z :W 0';,8“ - : 7.800 0.848005 0.136621 0.189143
:."m ({1;:;3;3 “-m;*.;; - (ilﬁl;ﬂ:;) : 8,000 0.856288 0.127185 0.176079
::m d]-mW. n‘;ﬁgxm (.")l"];ﬂ i £.500 0.874608 0.106772 % 1074 0.147819
- e o o I 9,000 0.890029 0.901463 X 107* 0.124801
2,600 0.183120 0.701292 0.970891 I . -
2,800 0.227897 0.720239 0997123 : e ik e "65'2 o " < ‘0595f
2898 0250108 0.722318 X 1074 1000000 i 10.000 0 9|4199 0.653279 X 10 0.090442
= 1 10,500 0923710 0.560522 0.077600
3,000 0.273232 0720254 % 10 0997143 I i - s o
3.200 0.318102 0.705974 0977373 : i 1‘<00 3 9; 9‘%9 0'“13;‘ 0'0<?9*‘0
i D e ey w0 omm owemear oo
) ~ 13,000 0.955139 0.279457 0.038689
3.800 0.443382 0.615225 x 1074 0.851737 : e bt i aras e
jg::i 3:?2331 gz_ﬁ{x 2::";?‘:; - 15.000 0.969981 0.171866 X 107 0.023794
4,400 0.548796 0.503253 0.696720 : ¥5,000 gaiae s g01020
4,600 0.576130 0467343 0.647004 : 1£.000 i 0.908240 X 10° 00123
-I'Rt)ﬂ 0.607559 0433109 0599610 " 20.000 0.985602 0.623310 0.008629
i.(]l)(i n.m%;.'-_w (1'4&)8 13 n'.ﬁw)s : 22490 e e ppietalie
‘ﬁ"‘[.ll n‘t;ﬁ;aq?u (ll17(l$R;] x 1074 “.;-I 3043 - o SCRIED GRS |0’f s
-‘i:l)ﬂ O‘b;'ifﬂbﬂ n"w-us 0"”'409; : 40,000 0.997967 0473891 X 107 0.000656
%‘hlll u-?m;m’ ”.; |;w;, n..-nuun; : #2409 o958 e g
By ; T S i 75.000 0.999713 0.418597 % 107 0.000058
5.800 0.720158 0.292301 0.404671 -

100.000 0.999905 0.135752 0.000019
6,000 0.737818 0.270121 0.373965




Circle your division: 12 3 4 Name

Problem 3 — continued

List your assumptions below. [3 pts]
No conductions
Very large room with isothermal surface temperature
Constant parameters
Uniform irradiation and radiosity for the plate surface
Uniform plate temperature, etc.

(Note: It is not steady state. Not grey surfaces. )

Start you answer to part (a) here. [5 pts]

&1 = €0-1um) F(O—lum)@BZOK *+ € tum—) (1- F(O—lum)@320K) =0.2x0+0.8x1=0.8

Start you answer to part (b) here. [6 pts]

Us = Qo_1ym) F(O—lum)@SBOOK T Ay (- F(O—lum)@SSOOK) =0.2x0.72+0.8x0.28=0.368 ;

Asire = Co_1um) F(O—lum)@300K T Ay 1- F(O—lum)@SOOK) =0.2x0+0.8x1=0.8 ;

surr
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Circle your division: 12 3 4 Name

Problem 3 — continued

Start your answer to part 3(c) here: [6 pts]

G=G,+G

Surr

=500+ E, (300K) = 959[%} :
m

J=E+ pSGS + pSurrGSurr =& Eb (TS) + (1_‘95 )GS + (1_gSurr)G
_ 0.8x E, (320K) + (L—0.368) x 500 + (1— 0.8) x E, (300K)

- 883[%}
m

Surr

Start your answer to part 3(d) here: [5 pts]

The net heat flux out of the plate:

a7, =(J-G)+h(T, —T,) = (883—959)+10x (320 - 300) =124[¥} .
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Circle your division: 123 4 Name

Problem 4 |25 points]

A cylindrical furnace has dimensions as shown in the figure below. There is a hole on the top
surface of the furnace, whose radius 7y, is 1 cm. Surface 1 (the top surface excluding the hole) and
surface 3 (the bottom surface) are black, and surface 2 (the side wall) is diffuse gray with an
emissivity of 0.8. The furnace is exposed to a large room whose wall temperature is 300 K. All
the surfaces of the furnace (surface 1, 2, and 3) are maintained at a steady state temperature of
500 K. ' '

Hole, radius = 1 cm,
exposed to large room
of T=300K.

Surface 1

LE
»

Surface 2

Surface 3

Radius =10 cm

(a) Calculate the view factors Fyy, Fa3, and Fa4. A formula of view factor is given below,

Coaxial Parallel Disks R,=r/L,R =rlL
(Figure 13.1?) | | 1+ R}
Ty S=14+—
i
1 y 21172
Fy=3 {S = [8% — 40;/r)1"™}

(b) For surface 1, 2, and 3 of the furnace, and the hole (call it surface 4), write the equation of
radiosity, i.e., the radiation equation relating surface temperature or radiation heat flux with
radiosity. :

(c) Calculate the radiosity of each surface, Ji, J», Js, and Js (W/m?).

(d) Calculate the radiative power (W) emitted from the furnace through the hole.
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Problem 4 — continued

List your assumptions below {2 points]
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Start your anSwer to par’t (a} here. [6 points]

F:?( () * (‘@@““P VQWWM@--) = oxé_g’ ? —
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Fier [Fagiy = Eav = |28l

Start your answer to part (b) here. [4 points]
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Circle your division: 123 4 Name

Problem 4 — continued

Start your answer to part (c) bere. [8 potuts]
oAy W ¥
fﬂ_,b‘:w- | ! w/Mm
Tor B CRE W
IR B

Start your answer to part (d) here. [5 poi'nts]

(? éw-é}‘ " ?aw’?g& “7 ?ﬁ@;{ w ég’wf te) |
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