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620 Chapter 8 Fourier Series Methods

12. A vertical eross section of o long high wall 30 ¢ thick has
the shape of the semi-infinite strip 4 < & < 3Ly = O
The face x = 0 is held at temperaure 2ero, bat the fice

& = 3 is insulated, Given wix.0) = 24, derive the
formuta
140 1 o
iy, y)y=— PR LT ;
T ookt

for the steady-stite temperaiure within the wall,

Problems 3 throwgh 13 deal with the semicivenlar plate of ra-
dinis a shown in Fig, 8.7.8, The circwlar edge hay a given tem-
perature ita. #8) = [0, I eacl problen. devive the given
series for the steadyv-state temperaiure utr. 0) satisfving the
wiven boundary conditions along § = Oand 0 = 7. and give
the fornla for the coefficients e,

v

= [ Vel X

FIGURE 8.7.8. The semicircular plate of
Problems 13 through 15,

13, wirr=uwtr. o) =1

~

wir i = Z(‘., rt st

]
4 M = dr.r)y =M

L0 > "
i, t) = i + E e " cosnit

15, wir 0) = qutro ) =02
) . s ntl
wir, fi = Zr.,.f sin ==
v oimhd -

16. Consider Dirichlet's problem for the region exterior W the
circle r = a. You want o find o solution of

Py, 4 e A i =0

such that wlg. 6} = f) and wir.#) is bounded as
¥~ 4+, Derive the series
iy ]
gy - — ;
uir. f =+ Z rnm,. cosnt! 4 b, sinnit ),
wel

and give formulas for the coeflicients [a,} and {h,].

17. The velocity potential function wir, #) for steady flow of

an ideal fuid around a cylinder of radius r = a0 satistics

the boundary value problem
:':u,. 4+ ru, 4ty =10 (r = al:

#eda, () =1,

lim [se(r B — Uprcostf =0,
Rt

uir Ny =nir, =6,

(#) By separation of variables. derive the solution
Ua N
i ) = — (" -+ g ) cos i,
r
th) Hence show that the velocity components of the flow

are

= atcos 20)

and
1T Ui 4.
iy = = =i i 20,
iy re
i
The streambines for this Auid flow around the cylinderare|
shown in 8.7.9.

FIGURE 8.7.9.  Streamlines for ideal
fluid ftow around a cvlinder.

Comment: The streandines in Fig. 8.7.9 are the level curves
of the function jrix. vy given in part (bl of Problem 18, s i
tromhlesonte o write a compuier program o plot sich I
cierves. 1 is far easier o plor some sofutions of the differential
egnation dyfdy = njn,. We did so with initial conditions
T . R T M e e BRI . 2.7, The solutions.
were obtained numerically using the improved Exder method
{Section 6,21 with step size 0.02.

18. (a) Show that the velocity potential in part (a) of Problen
7 can be written in rectangular coordinates as

wix, vy = Ly (I +

th) The stream function for the low s

cof ab
Pt v = Uiy (_\_:+ 5 1).

Show that Ve - Vi = 0. Because v = Vi is the \’eloc';l.y.-
veetor, this shows that the streamlines of the flow aretbe ./
level curves of fix, v, ¥
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