Introduction to Transport Phenomena: Solutions Module 3

Solution 3.1

a) At steady-state, we can simply write the Fourier’s law:

Q dT T, — T,
=-—-=-—k-——-= k
1= dy Y
0 Y 3%6.4 %1073
k=— = =1.03%107?
AT, — Ty, 0.929 % (26 — 24) m *xK
b) From the Fourier’s law:
T, =Ty
Y= kA - = 0.64 mm
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Solution 3.2
Composite reactor:
_ Qx _ Tint - Text
q = — =

A 1 Lpb Lbrique Lacier 1
+ 72 4 + +
hint ka kbrique kacier hext

In order to calculate Lpyiqye We need to know the heat flux. We haven’t use T, yet. We can write the following:

Q
q= Ix = hext (Tc - Text)
Therefore:
Tint - Text

= hext (Tc - Text)

1 +LLb+LbTiCIu€ +Lacier+ 1

hint ka kbrique kacier hext

(T T )* 1 Lpb Lbrique Lacier 1 >
int — lext

=(TC—Text)<—+—+ + +

hext hint ka kbrique kacier hext

Ly = Kpri ( *
que brique
Tc - Text hext hint ka kacier hext

Tint - Text 1 1 LPb Lacier 1 )

. 074 (96 1 1 0003 0012 1 )
L= — % - - - -
brique = 7728 10.2 7400 30 387 10.2

Lprique = 0.74(0.3361 — 0.00013 — 0.0001 — 0.00031 — 0.098) = 0.176m
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Solution 3.3

Furnace walls:
a) The heat flux through the system is given by:

& _ Tint - Text

1649 — 27

~ 1 02286 013 1 m2
60 " 119 015798

b)
qx = hint (Tint - TA)
1377
T, = 1649 — W = 1626°C

qx = Pext (TB - Text)

q
Tg = Text +Kfct

Tg =27 + 1377 = 167.5°C
B~ 98 ~
%k %k %k %k k k ok
Solution 3.4

Let us consider a total wall area of A m?

Cross section area per metal bolt = 7 X r? = 3.84 x 10~>m?
Number of bolts = A/0.015

So, area of the wall with metal bolts (Ap0;¢) = O(‘;ﬁ X 3.84 x 10~°>m?

X 3.84X1075)

(
a)Therefore the fraction of the wall with metal bolts = 2212 =0.0025

A

b)Heat conducted through a given section is given by#

Heat conducted by bolts = kot * Apoie/1=A4 X 0.0025 X 45.6/0.03
Heat conducted by wall = k411 * Awai /1= A4 X 0.9975 x 0.34/0.03

A%0.0025x45.6/0.03

Therefore the fraction of heat conducted by the bolts =

%k %k %k 3k %k %k k

Ax0.9975%0.34/0.03

0.33
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Solution 3.5

T T
entrée du 4 4
ﬂuidclchuud
L=1m ] " Thotin = 70°C
a L
entrée du S - -
fluide froﬁ’) >_’
( ’—‘ ThOL out =32.5°C Tcold,out =37°C

.

Tcold,in =20°C

contre-courant L=1m

The first step is to draw the temperature profile corresponding to the heat exchanger described in
the exercize (on the right)

The first question is to calculate the mass flow rate my, ¢

For the heat balance, we can write: Q = Q, = 0,

We can calculate:

Q.= MeCp(Teotd gy — Teotdsy) = 2 * 1073 % 4.187 « 103 * 17 = 142.3 W

o On B 142.3
T e (Thote — Thot,) 4187 %103 = (70 — 32.5)

=0.907 gs~!

The second question is to calculate the heat transfer area, which can be done from the equation

AT, — AT,
ATy = ———2=212K

In (ﬁ—%)

ATy = Thor,, — Teota,,, = (70 +273) — (37 + 273) = 33K

ATZ = ThOtout - TCOldin = 125K

Q 1423 W

- = = 0.063 m?
UAT,y 10647 Wm—2K-1 % 21.2K m

A
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