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Equation (12) then can be solved easily to obtain, after im-
posing conditions (11),

fi! = (C — n%)/cosh®n (14)

where C is a free constant. This constant makes it possible
to satisfy condition (11)” exactly.

The value of € so determined, which represents the w;, com-
ponent of the velocity at n = 0, is C = —0.428 and agrees
with the numerical result, ¢ = 0,425, of Ref. 1. Moreover,
comparison of the forementioned solution with that of Ref. 3
shows that the agreement holds for the whole field, the dif-
ference being only of some units in the third decimal place.
It therefore follows that a second iteration is not necessary.
The velocity function (14) is shown in Fig. 1 together with
the Schlichting solution for the jet in a medium at test.®
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Torsional Vibration of a Semi-Infinite
Viscoelastic Circular Cylinder Due to
Transient Torsional Couple

S. K. SARKAR*
Jadavpur University, Calcutta, India

HIS paper is concerned with the determination of dis-

placement in a semi-infinite viscoelastic eylinder when a
torque, exponentially decreasing with time, is applied on a
prescribed region of the plane end.

Method of Solution

Let b be the radius of the eircular cylinder, and let the
torque be applied at the plane boundary Z = 0. The
material of this cylinder is supposed to satisfy the stress-
strain relation ‘

7i; = [N+ N(0/0f)ewsds; + [u + u'(0/0)]es; (1)

where 1;; and e;; are the stress and strain tensors, respec-
tively, and

6“':0 Z#]

X, N, u, p’ being material constants.! ’

Choosing cylindrical coordinates with the Z axis along the
axis of the cylinder, the components of displacement at any
point of the cylinder are

% = 0 ug = 9(r,2,0) u, = 0 2)
Thus the components of strain are
erp = (09/0r) — (8/1)

erzzo

Err = €09 = €z = 0

3)
ep: = OU/0z
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From (1), the stress components are
70 = [u 4+ p'(0/0t)]ens
To: = [p + 1/ (2/01) Jes,

The equations of motion take the form

ot 2\(o 100 _ 9, o
—*=<#+ﬂ-at><aﬂ+ + ) (5)

Trr = T~ Tzz = 0

T = 0

P o ror 12 O

p being the density of the material, with the boundary condi-

tions
,0 \od _ .
l:(“ K at) Dzl=o = Fre

t20,2>0for0<r<a

Toz

=0 fora <r < bwherea <b (6)

A\/o9 &
j— I; —_— — — =
= [(M : bt><ar 7>]r=b 0 t20

4 =0 at z = «©

Assuming
9 = A y(Kor) on(z,l) @
where Kb is the nth root of J»(Kb) = 0, Eq. (5) reduces to

on O\ QPen
ot (” te bt)l: 222 5”2“‘7"(2’0] ®

To solve (8), take

enlzt) = f2)e 9)
From (8) and (9), one obtains
(@f/dz?) — m*f =0 (10)

where m? = (pQ2 — K.2Qu" + K.2u)/(n — w'Q). It is as-
sumed that p > p'Q.

Thus f(z) = Ciem + Cse ™=  The last condition of (6)
gives Cy = 0, and f(z) becomes

(&) = Coemm= (an
Thus one writes
9 =, B, Ji(K. e e~ (12)
n=1

From the first condition of (6) and from (12), one obtains

;TP’;E = EIOMII(K"T) (13)
where C,, = —B.m. C, is given by the relation?
Co{ (K202 — 1DJ2(Ka0) + a?K,2 " 2(K.a)} =
L N L ’;,Q TUEK.r)dr =
Therefore
C. - 2K, Pa2] o(K,a)
(v — WD UKa? — DI Kna) + *K 2 H(Ka)]
From (13)
B.,=—-C./m
_ —2k,Pb%] (K .a)
(b~ W Om{(K.20® — 1)J12(Kaa) + K2 K.0)]
(19
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From relations (12) and (14), the displacement is of the form
3 =

i —2K,Pa2] (K.a)J (K. r)e—me— U
1 (b — p'Qm{(K,%a* — 1)J,2(K.a) + a2Kn2J1'2(Kna)}

n=
K. Jo(Ka)J(Kr)e ™

_2Pa2e—ﬂt il
(u — p'Q) Ty m(K.2e? — 1) 2(K.a) + a2K,2 2 (Kaa))

(15)

From (15) and (4), one ohtains
79. = [+ 1'(0/01)](08/02)

e T K oK) Ty (K)e ™
TR L TR 2t = 1) (k) + @Kt A (Kaa) )

(16)
AV A
o= <“+“&><E"F> -

—9pate—t i K20 (Ka) o(Kar)e ™™
pa ml(K.2a* — D)J2(Kaa) + a2K.2 0% (K.0)]

n=1

2 KoJ o K o) J1(Kar)
T n; ml(Ka2at — 1)J.%(K.a) + a2Kn2J1'2(Kna)]} an

On the plane boundary Z = 0, the displacement, from (15), is
[0]emo =

—2paze ¥ i K. Jo(Ka)J (K.r)
(n — p'Q) m[(K,%a? — DJ2(K,a) + a2K,%],"{(K.a)]

n=1
(18)
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Method of Evaluating Script F for

Radiant Exchange within an Enclosure

T. IsummoTo* anp J. T. BeEvanst
Space Technology Laboratories, Redondo Beach, Calif.

A method of evaluating script F for radiant ex-
change within an enclosure by a single matrix inver-
sion is developed. The method lends itself well to
problems handled analytically or to problems solved
by the use of a digital computer.

Nomenclature

a;r = element of the inverse matrix [8] ~! (jth row, kth column),
dimensionless

A; = area of the jth surface, ft2

F;r = shape factor from jth surface to kth surface
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J; = radiosity of the jth surface

¢i.x = net thermal radiation exchange between the jth surface
and the kth surface, Btu/hr

¢; = emissivity of the jth surface

p; = reflectivity of the jth surface

¢ = Stefan-Boltzmann constant

HE thermal interchange between diffuse surfaces in an

enclosure usually is evaluated by one of the two methods,
the network or the script F method. Both methods are estab-
lished well and are presented in Refs. 1 and 2. Tt is shown
readily that the basic equations of the net radiation concept
as formulated by Poljak? leads either to the Oppenheim net-
work or to the script F concept employed by Hottel.

Coupling of the radiation network which is described by
n-simultaneous linear equations (linear in terms of ¢7'* and
n is the number of surfaces) with the temperature-time de-
pendent equations of conduction and convection is somewhat
unwieldy since, at each interval of time, the n-simultaneous
equations must be solved. It is simpler to employ the con-
cept of script F and linearize the thermal radiation exchange.

Analysis

The basis of the script F method is that the net exchange
between surfaces A; and A; in an enclosure must be of the
form o(T;* — T%% multiplied by some factor F;; (called script
F) which depends upon the geometry and the emissivity of
the surfaces. Thus the net exchange between two surfaces
identified by the subsecripts j and & can be expressed in the
form

Qi = Aigjk (O’Tj4 - O‘T)c4) (1)

Seript F,5;x, is found from the n-simultaneous equations
that describe the Oppenheim network. It is shown readily
that the set of radiosity equations are
Ji— € 0T = p; 2 Fiu Js 7=1,2,3...n (2

E=1 .
If all the terminals (¢T* is a potential at the terminal k)

are grounded except the jth, which is fixed at unity potential,
the net flow, ¢;.5, into the grounded kth terminal is

(Je e Ar)/px 3)

This relationship can be verified easily by examining the net-
Wogilil'ce ocTA=10and eT* =0,k =1,2,...3,...n, k =
1, it is seen from (1) and (3) that
giv' = 4; Fin = Ju e As/pr
or
S = Jy & A/ ps 4; @

Radiosity, Jx, is found from the set of Eqs. (2) with the
terminals grounded except the jth, which is set at unity po-
tential. In matrix form, this can be expressed as

[ J; 0
[6] J = € (5)
2 0

or

(6)
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