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Homework %2
. AE 334

Steady State Conductioh

1. Derive Edn. 17~33.
2., 17.3 17.15

3, Solve completely the problem done  in class by separation
' of variables, only with b.c.that q=0 at x=0 and x=L. o
_ - N e
T 0 aS. Y - and FEAA 0&’(‘% (%'{m: X(L"X} o,;\ \{QQ X% xzo, X=L

4. Show by the separation of variables ‘techniqye in cylindrical
coordinates, with no © dependence, that if 0=0, k=constant
T+T(0) p=R (r)X (x) and that R(r) results in Bessel'.s equation.
Derive the general golution for T. Discuss the orthogonality
' of the Bessel functions that result.and.their behavior
. for r-0 and Y.

5, Consider LaPlace's equation»v2T=O with boundary conditions;
T=x On yéO and 1 and T=0 on x=0, T=1 on ®¥=l. (The exact :
golution is T=X). .

1. By the relaxation method, starting with T=0 at all
. interior peoints go ten (10) steps in the caliculation of T

(choose 4 interior points as shown in class).

2., If the computer is available, solve the same problem
with 4 interior points equally spaced by the Gauss-Seidel
method of guccessive approximation (work in groups of &

T I o)
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2.

.

"AE 334 Homework #3 Unsteady Conduction

Consider the heating of a semi- 1nf1n1te wall with the Newtonian

convection boundary condition applied at the surface. Iet
a=0.1, k/hl Too /T—OS

1) Determine T/T by the integral method.

2)*Determ1ne T/T by numerical explicit marching with
. At=0. Ol Az= O 1. .0<t<l.

3) Compare these results with the exact transform solution
at t=1 and three z locations.

<

*Note: For boundary condition at z=0

_ kT = h(T-T )
b4 (60
or

k6

0, h(8-0) 6=T/‘I'O 0=5

467-6--39 _
= lei O, where 1 and 2 are the grid points

Use for. (8 )
z' z=

Az and 2Az above z=0.

a) For h=co, solve the above problem by s1mllar1ty methods
with ﬂ“Z/4V@t and T/T =£f(n).
| Fues B

b) For h=co, from the &ntegfal solution found in class,
determlne 6 (value of z when T=1. OlTO) for . 0=2,5,100.
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2.

" AE-334
Homework #4

Connection

Determine the temperature field in fully developed incompressible
Poiseuille flow where the wall temperatures. are prescribed
as Tl and T2. Discuss the heat transfer to the surface.

Determine the temperature distribution on a flat plate in

‘a low speed flow by the integral method. y G5

. _ _ M Q“\»‘ 5

(a) consider P_=3/4 and evaluate 3§, ; compare with 6. Discuss
the effects of frictional heating and compare with the ;
results given in Schlichting from the similarity solution.

(b) For P_=1 and neglecting frictional heating show that if
the same order profiles are chosen for u and T that

‘ T
R Gy AT - oA
e 7= (1-T W oot Ty and 876y T = &

-]

By non-dimensionalizing the boundary layer equations show that
the buoyancy term (in terms of T-T_) can be neglected when

G/R2 <<1. What is a physical description of the Grashof

number. (Ratio of what effects?) bwwawﬂ-qum“d‘
Governing Equations: Show that for a constant density flow
(Ligquid or solid) c_ =c_ and the energy equations in terms of
h and e become V identical.

(Hint: Equation of state is p=constant; p =pRT no longer
applies. Using one of the Maxwell relationships and the 1lst
and 2nd laws of thermodynamics, prove that (ah/ap)T=l/p

and therefore, :

1 | 1 1.
dh=C d_ + +dp= de+>=dp=C_dT+=4d
odpt SdP ~dp =C,, - dp

and C_=C ). .
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Homework'#S
High-Speed Boundary Layers
Consider the high-speed flow over a sunface (y=0) for which

the external velocity field is prescribed by ue=U~xm,
Agsume pu=constant, P_=1l, no slip or injection at%the

sur face where T=T_ . '
: ‘ w glowu.l'.&m ﬂ‘ﬂn«z\'ﬂ (/”W\A&%.\Qv»j“(zb‘“”’
Fp T, 3 To 5 ¥ o '
Let §= () tdx, Y () ’ j‘ i dy
o Pom Ooo O, O p(_)oo
) 2v_u_§
= Y(iﬂnﬁ}f\h’ T(E,Y) = (___S_‘ﬁim)l/z £ ()
- I] = 2\)0 é ) 13 lp Se’- i m~}_l B 'r]
é-:.
HO ' :
S(n) =Er-wl ; subscript o denotes stagnation conditions.
Ce |
. ‘"\oﬁ .
1) . Show that the governing equations for fB and S are
£ 4 £ _ B—:l';flp“o)“ B_..E;!.TL.
B B Bl Tk
/] {
s+ £5% = 0
: T,
£ (0)=£_/(0) =0 S$(0) = g - 1
B B . i
o
@
K fé(n)—*l as n-° ; S('q).,;@ as 1 -e
2) Discuss what happens in the zero pressure gradient flat plate

Limit.,

3) Obtain the skin friction and heat transfer at the wall,
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