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108 ' CHAPTER 5

TaBLE 7. ANALYTICAL ‘SoLuTiéNs FOR HEAT CONDUCTION IN VARIOUSLY SHAPED

Sounips (Concluded)

BHAPE OF Sould Bounpary CoNDITIONS

Cylinder of infinite axial di- | The surface temperature is suddenly Temperature distribution as a fune-

mension. changed from the initial _(uniform) tion of time. .

temperature.

time.

Cylinder of infinite axial di- | The surrounding fluid suddenly | Temperature distribution as 8 func-
- Inension immersed in & changes from the initial (uniform) tion of time

fluid. temperature of the cylinder.

The surface temperature suddenly | Temperature distribution as a func-
begins to increase linearly with tion of time. .

1056-Guide

DaTa AVAILABLE IN GRAPHS

Reference: (10) p. 265.

Heat flow from surface as a function
of time. s

Multiply temperature difference be-

tween surface and fluid by surface

conductance. -

Reference: (10) p. 269.

References: (4.) p. 38; (5) pp. V-16,
V-35, V-43, V-48; (10) pp- 278, 286;
(15). .
Heat flow from the surface as a func-

tion of time.
References: (5) p. V-16; (10) p. 278.

fluid changes sinusoidally.

The temperature of the surrounding Tempemtu.ré distribution as a func-

tion of time.
Reference: (5) p. VI-34.

Heat flow from the surface ag s func-
tion of time.
Reference: (5) p. VI-38.

Sphere The temperature of the surface is | Temperature distribution as 8 func- -
suddenly changed from the initial tion of tim

uniform temperature.

e.
R';%S““m: (5) p. V-23; (10) pp. 264,

function of time.

The temperature at the surface sud- Temperature distribution as & func-
denly begins to change as a linear tion of time. .

! Reference: (10) p. 269.

Sphere immersed in fluid. The temperature of the surrounding | Temperature distribution s a func-
P . fluid suddenly changes from the tion of time. .
= initial uniform s phere temperature. References; (4) p. 36; (3) pp. V-2,

V.35, V-44; (10) pp. 281, 2825 (4).

Heat fiow as a function of time.
References: (5) p. V-21; (10) p. 281.

Rectangular bar of infinite | Any of the above noted boundary Tempersture distribution as a func-

length. conditions for a slab.

tion of time.
Combine solutions as indicated in
Refs. 16 and 17.

’ Parallelopiped (rectangular) Any of the above noted boundary Temperature distribution as a fune- -

conditions for a slab.

tion of time.
Combine solutions es indicated in
Refs. 16 and 17. .

Cylinder of finite length. - Any of the boundary conditions Temperature distribution as a fund
: : S;’en above for a cylinder and a tion of time. -
b.

Combine solutions as indicated in
Refs. 16 and 17.

Hollow cylinder of infinite ex- The temperature of the surface sud- | Temperature distribution as a func-
terior radius. | denly changes from the initial tion of time.

(uniform) temperature.

oo o¢ solutions 8s indicited in
Refs. 16 and 17.

Heat flow at the surface as a.func- )
tion of time. -
Reference: (10) p. 267.

Consider the slab to be divided, as shown in Fig. 9, by n equidistant =3
planes parallel to the slab surface and a distance Az apart. Let the tem- »z
perature of the slab at any plane and any time (8) be denoted by Tep 552
Then the temperature of the glab at the two adjacent planes at th€ same 1’-#

N

Heat Transfer . .

" “time w1ll be denoted as T( see and Teo ' s - )
temperature of the z pla.ne’att a'.’)time AB(Eégi")\;viﬂlgea;fl: EAI; manner the

In accordance with this n ‘
and time 8 + A@1is given as omeqclature, the bemperaturf: at any p lave 2

o . T“"Hv)=’T(1+A:'°):T(=—A=.o) . ) '(.18).

:)\31;152 I;;’agn kée aig;e?i)rl::e(g a.li x;dllllc:ivst. t%:he temperature of the slab at any
adjacent., planes obtainéd ‘at tlge timg (] e_avAe;';a.‘ge femmpersture of the two
. The t_xme interval A6 is detérmined by the equation

| | | | A = % (19)
Omitting the graphical constructi th “bor ot

; ) onstruction at the slab boundari ence

ftinfé gtdei.xglg;sl}tal::?ss ;g:egrs:ph:ica.l method by means of whigﬁ’ tgien?;%rg?
with Bquation 18, rmined at successive intervals-of time in accordance
_For the problem stated, the b
is specified by the equation

oundary condition at the insulated surface

aT 0
az=.

and at the uninsulated face by the equation

MTy—T) = —k
e . . oz
n terms of finite differences th i i i
established by g, 9) beoome, ese two équatlons (employing nomqnclat_ura.
Te — Tk . . '
v =0 or Tp=Tg. at. z2=1
-and
MT, — Th) = —k T2 T8
o A Az -at z=0 .
or ' '
To—Ta  Ta—Ts
kT Az

The details of the graphical construction are best obtained by inspection

~ of Fig. i
Fig. 9. Note that the line (0,0,0’) used to initiate the graphical con-

struction, is the only one drawn to'th

uction, i ] e slab boundary 4’ bered

%ot]:rt\f a.]IIsldEZate temperatures at the sub-slab bc)undé,l;'jireg1 at 1,}‘211; l:éut;n tim
N e .0) after the slz?.b is exposed to the high tempeifat’,ure." °

conductjg:smnt heat flow in two dimensions, and also, for steady state

foncuction, nri‘xlxinenca] methods of solution are available in theylitera-

Droblems. altt es}f numerical methods are applicable to three dimensional

for o 1.oug. the calculations involved normally become too tedi

for oot & 5)1; ications of the method. An additional technique of solt t(i) on

wo dimensional problems in transient conduction results l;ro(::
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