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ME 315: Heat and Mass Transfer
Spring 2008
EXAM 2
Tuesday, 18 March 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 /16
2 /22
3 /22
Total / 60



Name:

1. (16 points) Avery thick insulating wall of a large Chamber Chamber
chemical reaction chamber is initially at 300 K drac Interior Wall

a surface area of 1anOnce the chemical reaction
begins, the interior surface of the wall is sudgienl T = 2000 K
exposed to a temperature of 2000 K for the duradfon ) -1 2

the reaction. Properties of the wall materialgiven T =300 K
in the figure. ¢, = 800 J/(kgK)
p = 1500 kg/m3

a. What is the temperature of the insulating wall at k=1 WimK)

a depth of x =5 cm from the surface at the
instant of time that is 5 minutes from the start of L x
the reaction?

b. What is the ratef energy (W) transferred to the wall at the tim&tant, t =5 min?

c. Sketch how the temperature profile in the wall Wtk at various times and label all
important features.



Problem 1

Given:

T, := (300)K t:= 5min A= 1m?
Tg:= (2000)K X:= 5cm

Cp = Bookgi[ﬂ( p = 1500% k:= ﬁ

@)

Recognizing the wall as a semi-infinite medium, we can use equation 5.57 for the temperature:

- Ts X
=1 ef
Ti-Tg (Zﬂa[ﬂj

Evaluating some of the terms:

k -7 m2
a.=— a=8333x10 —
pmp S
X
n:= n = 1581
Zﬂam
X
erfn = ef erfn =0.975
ZWam

Solving for Tx:

o _ X
= Ts* (Ti =Ty Eéerf(zw)j T, = 343.09K

(b)

Using equation 5.58 for the heat flux att =5 min:

N KA - Tj)

Og:=
S N

qg = 6.066x 10" W



(©)

t1:= 1min
1
— 10mi The plot should look something like this with the surface temperature
tp:= 10min at x=0 at 2000 K and exponentially decay to 300 K. As time
ty:= 100min increases, the exponential decrease occurs over a longer distance.

t4 1= 10000000min
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2. (22 points) Long steel rods (L =100 cm, r =1 @re

annealed in a furnace and then allowed to cool ina &t

crossflow of air at a velocity ofu= 10 m/s and a uir': 10 m/s

temperature of =27 °C. The rods come out of theT.=27<

oven at 600 °C and may be considered safe to touclljf_: 8-547 WK

when the surface of the rods is at a temperatuéé of Va:'sé_nglo_gTﬁz,)s

°C. You may assume the ends of the rods are well

insulated. Properties for the cooling air (at an b

appropriate film temperature) and for the steesrod - el e

are provided in the figure to the right. Note that — c"): 582 Ji(kgK)
T S - :

radiation is neglected in this problem. Es :7552 53//&@
a. How long does it take for the rods to reach the |] [ié{,”cm

safe-to-touch temperature?

b. How much energy is lost from a single steel roth®surrounding air if you let it
cool to the safe-to-touch temperature?

c. What is the initial rate of heat transfer to theatitime t =0 ?



Problem 2

Known convective quantities; properties for Air at assumed T_film = 600 K

2
u:= 100 v = 526010 0T
S S
Tap = (27 + 273)K or = 07
W
K. = 0.047——
alr miK

Known steel (AISI 1010) properties (at 600 K ~ 330 C)

r:=1cm Tj = (600 + 273)K
D:=2r T = (60 + 273)K
L := 100cm

@)

Calculate the Reynolds number

D
Rep = —— Rep = 3.796x 10°

Using equation 7.52 to solve for h
C,y = 0.683
Mg, = 0.466

_ Myr 3
NuDl.: Cajr[IReD Pr

Nup = 28.232

KairMupy
hy = ———
D

w
hq = 66.345——
m2[K

h4 ™
Biot := i
2

Biot = 6.798x 10 °

k= 488 p = 783259
miK 3
m
Cy:= 582L
P kgK

Therefore, the flow is Laminar since Re < 5x10"5

Using equation 7.54 to solve for h

4
1 1 5
0.62EIRe|:)2[E>r3 ReD 8
NUDZ =03+ 1+ —
1 282000
5 4
3
l+ %
Pr
- KairMUp2
2 D
W
h2 =74.386 ——
m2[K
h-
. 2
Biot .= —
2

Biot = 7.622x 10 °



With Bi<0.1, the lumped capacitance analysis is valid

Since the ends of the rod are insulated, the surface area only includes the cylinder sides

— _ 2
Ag:= DI Ag=0.063m
o _ -4 3

Vygl = MEL Vygl = 3142 10 'm
Using equations 5.4 and 5.5 for both h's

PV ol Cp Ti ~ Tair PVl Cp T~ Tair
tl = In t2 = In

h1Ag Tt~ Tair holAg Tt =~ Tair

t1 = 980.546s t, = 874.55s
t1 =16.342min ty = 14.576 min

(b)

The total energy lost by the cylinder to the air when it reaches safe-to-touch temp:
Eout = Fg
Tf

Eout = pEchV(ﬂ% 1dT
T

|
Eout = PNyl EEp[QTf - Ti)
E, . =7.733% 10°J
out = /-139X%
(c)
The initial rate of heat transfer to the surrounding air
ay-= hl@‘s[q-ri - Tair) a2 -= hzmszTi - Tair)

qq = 2.389x 10°W q, = 2678x 10°W



Name:

. (22 points) Refrigerant R-134a at 0 °C is usedow @ hot circular tube such that its surface
temperature is maintained constant at 55 °C. Uibe has a diameter D = 1 cm and length L
= 0.5 m. Fluid properties (at an appropriate terajuee) are given in the figure.

T,=55T
R134-a: L=05m
Volume flow rate = 5 x 107 m3/s D=1cm
Thi=0T »
Pr=3.54 —

k = 0.085 W/(mK)
pH=216x104kgl(ms) — >
p = 1237 kg/m3

¢, = 1393 J/(kg-K)

L x

a. Assuming that the flow is hydrodynamically fullywagoped as it enters the heated
tubing, what is the mean outlet temperature oRHE34a?

b. What is the total energy input to the fluid?

c. If the flow had been both thermally and hydrodynaatly fully developed
throughout the tube length, would we calculateghéi or lower mean outlet
temperature? Explain your answer from physicakm@rations, but do not provide
any formal calculations.



Problem 3

Given fluid information:

p:= 1237ﬁ Cn .= 1393L M= 0.000216ﬁ k:= .085£
m P kgK m(s mK
cpml
Pr .= T Pr=354 Tmi = (0 + 273)K
mL -7 m3
Q:=30— Q=5x10 —
min S

Given tube information:
D:= 1lcm Tgi= (55 + 273)K
L{:=0.5m Tg=328K

P:= niD
(@
— _ -4 kg
Mot == p@ Myot = 6.185x 10 :
4Nyt . . .
Ren = Rep = 364.583 Therefore the flow is laminar since Re<2300
iDL

Equation 8.23 for thermal entrance length in laminar flow

Xet = O.OS[IReD[IPr[ID Xegt = 0.645m

Therefore the problem is thermally developing since x_fdt > L_t

For a laminar, constant surface temperature condition with an assumed fully developed
velocity profile and thermally developing flow, we can use equation 8.56

0.0668(%) (Rep[Pr
t
NuDa\/g = 3.66 + 5 NuDa\/g =4.938
D 3
1+ 0.040 — [IReD[IPr
L¢
kMNu
o ( Davg) _ W
havg = T havg = 41.97lT
m K

Using equation 8.41, we can arrive at the mean outlet temperature

- P[I].IIhavg
Ts=Tmo o Maot %p

Ts= T



Rearranging,

(— POy g
. mdotmp _
Tmo=Ts~ (Ts - Tmi)@ Timo = 302.412K (or T_mo =29.4 C)
(b)
The total energy put into the liquid is:

Yinput -= mdotﬁtp[q-rmo - Tmi) Ginput = 25-341W
(©

For fully developed flow (both thermally and hydrodynamically) and constant wall temperature:
Nup := 3.66

Since the fully developed Nu is smaller than the Nu for thermally developing flow, the
fully developed assumption would result in a lower heat transfer coefficient and lower
mean outlet temperature according to equation 8.41. In other words, if convection
decreased (since Nu and h decrease) the rate at which the fluid picks up energy is
lower and therefore would exit at a lower temperature.





