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ME 315: Heat and Mass Transfer
Spring 2008
EXAM 3
Thursday, 17 April 2008
7:00t0 8:00 PM

Instructions. This is an open-book exanYou may refer to your course textbook, your €las
notes and your graded homework assignments. Shewik clearly for maximum credit.
CIRCLE ALL ANSWERS.

Problem Score
1 /20
2 /22
3 /18
Total / 60



Name:

1. (20 points) A concentric tube heat exchanger isl iseool water at a mass flow rate of 1
kg/s from 80 °C to 40 °C. The coolant enters &€ @nd exits at 50 °C. The specific heat
for water and coolant arg Gater= 4200 J/(K&K) and ¢ coo = 1500 J/(k&K), respectively. The
surface area of the thin-walled tube separatingviédter and coolant is 50°m

Wall resistance, R”,,, = 0.002 (m2K)/W

Area of wall, A, ;= 50 m?

a. (2 points) In order to achieve the desired inlet antlet temperatures, which

concentric tube heat exchanger configuration mesided? Circle the correct
configuration below.

Parallel Flow Counter Flow

b. (4 points) Find the rate of heat transferred frbmwater to the coolant.

c. (4 points) What must the mass flow rate of the aobbe in order to remove the
desired heat from the water?

d. (4 points) What is the effectiveness of the heaharger?

e. (6 points) If the heat transfer coefficient on do®lant side ist= 150 W/(nfK) and
the thin wall between the water and coolant hasgtance oR,, = 0.002

(m*K)/W, then what is the heat transfer coefficienttoa water side ¢y?



Water Refrigerant

Thi = (80 + 273)K T = (0+ 273)K coolant (refrigerant) cooling the water
water>refrig
Tho = (40 + 273)K Teo = (50 + 273)K 9
AW&” = 50m
J J
Cpp = 4200—— Cpc = 1500—— 2
P kgK kgK m<IK
_, kg — qeq W w
mh_dot = 1? hl = 1507
m K
b)
W
Ch = Mh dotph Cp =42 103?
— _ 5
a:= CplfThi ~ Tho) q=168x10°W
c)
w
Co= —— C.=336x 10°—
Teo~ Tai K
C
- _C _5on K9
Medot = L Me.dot = 2'24?
pc
d)
Therefore,
Crin= Cc
Omax = Cmin[QThi - Tci)
g:= —1 _
Imax € =0.625

Note that epsilon could also be found using the epsilon - NTU method if they solve for U to get
NTU and then use equation 11.29b or Figure 11.11 but this is much more involved since they
know q and g_max.

e)

ATl = Thl - TCO

ATp = Tho = Tgi
AT, - ATy

ATq
Inf —
AT,

ATy = ATy, = 34.761K



-1
1 1 w
ho = (— -— - Ryag |) ho = 595.682?
m K
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2. (22 points) Consider one side of a flat, mechahjqadlished, stainless steel surface that is in
contact with a fluid and has a square area of M0 cm on a side). In each of the
following two scenariogndicate the dominant heat transfer mode(s) (such as conduction,
convection, radiation, etc.) an@ter minetheinput power [W] required to maintain its
surface at 390 K at atmospheric pressure in theviodlg two scenarios:

a. (11 points) Surface oriented vertically in quiedcanat 300 K.

Air properties at an appropriate temperature:

2 W
= s| M k., _oo{ }
v, =20.910 { S} o

2
1, = 208. 2(107[ kg } a, :29.9x10{—m }
mis S

J Pr, = 0.7
« =100
kg K

0. _0995[‘(9}
m

b. (11 points) Surface oriented horizontally in quesstcwater at 300 K

Saturated water properties (for liquid and vapbgreappropriate temperature:

kg kg } kJ
=279%10° =12x10°
4= [m} 4= [m& h, zzsw

J J kg
=421 , =202 .
7|:kg j| {kg DK} Jsurf Jtension O 05{ S :|
0 = 9575{‘(9} 0, = 0596{‘(9}
m’ m’
W W
0.6 =0.028 ——
"= B[mDK} . {mEK}

Pr=1.76 Pr = 0.984



a) Given Air at Tf ~ 350 K

T<:= 390K 2
S -6m
Tinf = 300K Vair = 20.9010 ?

To+ T — -7 kg
To= s linf Hgip := 208.2(10 m_ﬁ
: J
Tf = 345K Cp.ajr = 1009kg_|](
w = 10cm
_ kg
L := 10cm Par = 0995—3
m
A= wll
w
A =001 m2 Kgr == 0'03ﬁ
-8 2
o ;= 5.6700 -6mM
o.,.:=29900 —
m2[K4 ar S
Prajr =07
for an ideal gas: B := 1
Ty

. QEMQTS_ Tinf)[Il

Vair@air

Ra Rg =4.094x 106 Therefore the flowis laminar.

Any of the following 3 relations could be used to evaluate the g_free convection

Using 9.24
K . Nu
_ _1 _ n _ _ rar™Lavgl
C:=05 n:= 2 NULavgl = ClRgy_ NULavgl =26.539 hq = C
W
hq =7.962——
Using 9.26 m2K
~ 1 -2
0.387MRay °
) K MNu
- Lavg2
NU qyg2 = | 0825+ 5 NU gy = 24-245 hy:= — =20 - 9
9 27
— hy =7273——
16 2
0.492 m K
1+
Prair




Using 9.27

1
0.67Rg "
) k. Nu
- Lavg3
9
9 W
— hg =7.132——
m2[K

16
1+ 0.492
Prair

For stainless steel the emissivity can be found from Table A.11 in the appendix

€:=0.17

Radiation needs to be included since the plate is at a high temperature and can emit to the
surroundings. Assume the surrounding temperature is the same as the T_inf.

o 4 4
qq = hlm[QTS— Tinf) + smms[ﬁTs - Tinf )
qq = 8.615W

4 4
hzm[QTS— Tmf) + smms[ﬁTs - Tinf )
gy = 7.995W

4 4
h3m[QTS— Tmf) + smms[ﬁTs - Tinf )

O3 = 7.868W

s

a3

b) Waterat T=373K

-6 kg -6 kg
= 279010 "~ — =120 —
Hi mis Hy mis
J J
Cp| = 4217 —— Chy = 2029 ——
p- kgK p- kgK
k k
p| := 957.8-2 by = 05962
3 3
m m
W W
k = 0.68— k= 0.025—
miK miK
Pr| =176 Prv:: 0.984

Tey = 373K

ATgi=Tg-Tgy  ATe=17K

4 4
Orgd = sD\ErEéTS = Tinf )

Orag = 1449W
J
heg = 2257000
kg
K
ogi= 0.059—2
S



Since the surface temperature would cause an excess temperature that is in the nucleate boiling
range for water at atmospheric pressure (5 < Te < 30), we have nucleate boiling occuring.

Using Rohsenow's correlation, 10.5 and constants from Table 10.1

Cq = 0.0132 n:=10

N | -

9[@P| - pv) CplATg ’

o n

Apoiling = Al Big

_ 3
quI'Ing =6.419%x 100 W

In this case, radiation can be neglected since g_rad << g_boiling
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3. (18 points) An opaque, diffuse surface has a saglettemispherical absorptivity and spectral
irradiation as shown in the two figures below.

800 -

0.7+ ?
< =
; 0.4 £
. i > E
| &

0 } 0 .

2 6
A (Hm) A (Um)

a. (6 points) Using the spectral absorptivity Y and the given irradiation values over
the spectral range {§ calculate the total, hemispherical absorptivityhe surface.

b. (6 points) What is the total, hemispherical emiggiof the surface when the surface
is at a temperature of 1000 K?

(2 points) Is the surface gray? Explain.
(4 points) If the surface is initially at 1000 K alsove, show whether the surface

temperature will increase or decrease after beipg®ed to the irradiation
(neglecting conduction and convection).

e o



Given

ay1:=07 A =2 Tg:= 1000K
Uyp=04  Apyi=6 o= 567010 °
2_4
m K
)\3 =12
a)
800 W
Gy gi= — —
2 6 2 >
m
w
o _ 3 W
Gabs.— C()\l[Gz_B[Q)\Z - )\1) + G)\Z[(BG_].Z[Q)\3 - )\2) Gabs‘ 3.04x 10 —2
m
G:= Gy glfhp ~Aq) + Gg_1o{Ag ~ 1) G=64x 100V
2
G
o= 28 a = 0475
G
b)
Since the surface is diffuse: £y = 0Oy,
ATq rag= M T ATy 1oq=2 % 10°K Fq rog = 0.066728
[ =
AT rad = AolTs ATy oq = 6% 10°K Forag = 0737818
e = o)1 1{Fp rad = Farad) * Oa2L ~ F2raq) € =0575
c)

The surface is not gray since the total hemispherical emissivity does not equal the total
hemispherical absorptivity.

d)
w
Urog = BT Orag = 3258 % 10" —
m2
4 W
Anet = Gaps ~ Arad Opet = —2.954% 10 —2
m

Therefore, the surface temperature will decrease since q_rad > G_abs





