Use of the Equations of Change
To Solve Steady State Problems

Example 1: Shape of the surface of a rotating fluid

A liquid of constant density and viscosity is in a cylindrical container of radius R as shown in
Fig. 3.6-6. The container is caused to rotate about its own axis at an angular velocity Q. The
cylinder axis is vertical, so that g, = 0, g, = 0, and g, = —g, in which g is the magnitude of the
gravitational acceleration. Find the shape of the free surface of the liquid when steady state
has been established.
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Example 2: Transpiration Cooling

A system with two concentric porous spherical shells of radii kR and R is shown in Fig. 11.4-
1. The inner surface of the outer shell is at temperature T}, and the outer surface of the inner
shell is at a lower temperature T,. Dry air at T, is blown outward radially from the inner shell
into the intervening space and then through the outer shell. Develop an expression for the re-
quired rate of heat removal from the inner sphere as a function of the mass rate of flow of the
gas. Assume steady laminar flow and low gas velocity.
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Example 3: Concentration Profile in a Tubular Reactor

A catalytic tubular reactor is shown in Fig. 19.4-2. A dilute solution of solute A in a solvent S
is in fully developed, laminar flow in the region z < 0. When it encounters the catalytic wall
in the region 0 = z = L, solute A is instantaneously and irreversibly rearranged to an isomer
B. Write the diffusion equation appropriate for this problem, and find the solution for short
distances into the reactor. Assume that the flow is isothermal and neglect the presence of B.

 Fromz=0toz=Lthe  pjjyte solution of
inner surface of the tube is Aand Bin S
coated with a catalyst

Dilute solution // ,7 4 /
ofAimS « y L 3 Ly
| |
—_— \ \ —_—\ R
\ X \ \
z=0 z=L f
Fully—developed A—B irreversibly
laminar flow before and instantaneously
2 =0 is reached on catalyst surface

S luhsn o

T he follenny aesumphong o ﬂ///f‘aﬂ/é/zz
I Jqu/ sleihw

2 laminar Flezu -

3. Coms}. 9 Drc

y. csng}. C 3
5 - heﬁ%é{é/@ CQ‘MM)’VVVAL\/WV CE:O




ZCCWM/ Cm\_g)_ 9%8

. » o

3:coysyj,

£ by molecular e s h gf A

- z +P~nA
=> %ii +v-_{75(;, = Dy¢ XA

> .];x// /{//\Mmfjﬂn
b% AV n!‘élja)ej }'(
D}B )7 T ,@!‘KPCALDW\ o yvee hom




This Pﬂ’p@»l@m caom be Sl‘m‘olf A’pc/ Fu y Ll\f/r 67
Mfﬂhﬂﬂ'\} Hr\W,L +he concenprorhon oF A ¢ heinye s
;n M’\f Vo C/ l\)’ "7 o F M« e "'LLi L‘f’ i\r&[/ . ‘ 1\4 C-L‘D’\C‘»r\}"r'ﬂk

gc_;«,-,gjc,v/ four oA W"% From Fie

s more v Jrgg

I/\M/u}' e w— TLN ,4—-—]

I‘f\ g, ( m\(-%f.g,b\mc!q,/ quf;,{

we cemn ckﬂ&w Fhe V“’lro'wv{ylf : ;: z—- 4
2
> G
<ﬁ y)] T2 o= P S
=D Vo mey ) — >
° ll ¢ ur radve 1\5
g :02) %O' lé’/'é’/ma‘r\cwa'f -
“ 2
Yy 3G = D 3 4
I Vomew R 7 AS -
2 T e G = Gro
Y = O Ca =9
= 0o G = Ao .

A - | i
The oabeve fFDE W b Iinfing be A wmaou n ;——,-sba

can be solve u\&;w\b Yhe me}hoa/ o F 3tw\.'o1r.'/7

Frangfesy me W& e

I




frd we derive Fre similarily varictle uwd@

combines bofth b omd Z
Ppe 4o ODe

. eompe pafameJ»e/V»
Fhat ¢ l’lm'r\z/tg Fhe

Som”fl;’ of Yhe £DE

2 V?_:Mt\x % ._—-_;:—‘ - yz
J .
— f;aim_:\au,'
-::> Z (—-—@—-‘%’A‘g"— zf Voiriab /eb, .
2- Va max
2
d
5 @ ‘ Yo dn ’a . G
(LDN"ﬁZB Ry 72— 7 (\71 2. Dag &3
'vazm 2 V2 ax
. AG
- ¥z J
> G _iﬁ% YRV A
72 Ay oV
_ v Ly 4G
- -1 42 49
5u£5))'7‘w}’\9 ya PDE )
e
_ — . \7 2
Ve & £ 2 %ﬁﬁ = Das iba 2 7Y
Z‘VEW
Z,




- Fias f‘?”’8°"‘/r
g = G o = ge | and 3
c=mbi'ned
In /’\c«/ pDedo
— aim] Mrt"y Hreng fo~r Mo L«:s7vv’“’;n bo WO gdju

/"%rmu’ou" @o/"7
\ Ay _
J}fz 3)}7& = ©
X -X c
H:Q' f o dx + ¢z
¢
/V/ x:,_.f/..——

6‘7)'/3 7 ,
¢ L 4% Jq | da
S - o ly) = opde PN







