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Abstract-A closed form perturbation solution is obtained for the problem of transient heat transfer from a
constant temperature circular cylinder in a violently fluctuating flowof incompressible Newtonian fluids.The
small parameter used in the solution is the ratio of the maximum fluctuation amplitude to the cylinder
diameter. The solution is asymptotically valid for any values of the Prandtl and Reynolds numbers. The
natural convection is considered as the second-order effect.The solution is also applied to predict the initial
transient heat transfer from a wire which starts from rest an arbitrary translational motion. Numerical results
in terms of time-dependent local and average Nusselt numbers are used to demonstrate the significant time lag
of heat transfer response to the fluctuating velocity. It is shown that an optimum frequency of sinusoidal

oscillation exists for the maximum net heat transfer at given flow parameters.

r-;O;\IENCLATURE

a radius of cylinder
Cp fluid specific heat
gl dimensionless gravitational acceleration,

gtj(v8Ia2
)

9 gravitational acceleration
unit vector in x-direction

j unit vector in y-direction
k fluid thermal conductivity
P pressure
q wall heat flux per unit area
r polar radial distance
T temperature
1;, surface temperature of cylinder
Too ambient temperature
IiT temperature difference, 1;,- Too
t time
t characteristic time
U cylinder velocity
U cylinder acceleration
Uo mean flow velocity
Urn maximum cylinder velocity
Uoo free stream velocity
u dimensionless cylinder velocity
V fluid velocity
v dimensionless fluid velocity
x,y Cartesian coordinates (Fig. 1)

Greek symbols
(X dimensionless thermal diffusion time, ,IPr
p coefficient of thermal expansion
y Euler's constant, 0.5772157
e dimensionless temperature
o polar angle
e dimensionless fluctuation amplitude, 8fa
/l fluid dynamic viscosity
v fluid kinematic viscosity
p fluid density
r dimensionless time, vtla2

'0 time interval of uniform acceleration
<l> dissipation function
<p dimensionless dissipation function,

<l>/Wla2fl)

X fluid thermal diffusivity
W dimensionless frequency, (a2/v)w

1

WI angular frequency
V dimensionless gradient operator, aV1

V1 dimensional gradient operator

Dimensionless group
Ec thermal Eckert number, v/CpliTt
Gr thermal Grashof number, gpD 3IiTlv2

Gr Grashof vector, [paliT(iU -jg)]/(8fi)2
Nu local Nusselt number, ql(kliTla)
NU average Nusselt number, Sf" v dO
Pe Peclet number, Pr ReN
Pr fluid Prandtl number, vtx = JICp/k
Re Reynolds number, a21vt
Reo mean flow Reynolds number, 2Uoal v
ReN fluctuation Reynolds number, e Re

Subscripts
o zeroth-order solution
1 first-order solution
2 second-order solution
m maximum value

I. INTRODUCTION

AGREAT deal has been learned about the transient heat
transfer from a heated circular cylinder which
impulsively starts from rest a constant velocity
translation [1-5]. These theoretical results cannot be
tested precisely with experiments, because it is very
difficult, ifnot impossible, to produce in laboratories an
impulsively started motion. On the other hand a great
deal ofexperimental studies [6-16] have been reported
on the effects of sinusoidal oscillation on the heat
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iJ(t/!, F) iJ" of ot/! aF
o(r,O) = a; ao - eo a;'

is the Jacobian with Fstanding for V1t/! or 0. The initial
conditions for equations (4) and (5) are

o/(r,O,r) = 0 and 0(r,0,r) = 0, r ~ O.

The boundary conditions are

iJv/or+eRe(v'V)v =

-eReVp+Vz"-eReGr0, (2)

Pr iJ0/iJr+eRePn'V0

= VZ0+ez Re Pr Ecif>, (3)

where e = bfa, if> = rJ)/(b/a"t)z rJ) being the dissipation
function, and Pr, Re, and Gr the Prandti number, the
Reynolds number and the Grashofvector, respectively.

Equation (1) is automatically satisfied by the stream
function t/! which is related to the rand 0 velocity
components in the cylindrical coordinates by

1 eif/ ot/!
Vr = -;- eo' Vo = a;'

In terms of t/!, equations (2) and (3) can be written as

(~ - V1)V1t/! = eGI [(Ii sin O+gl cos 0) 00
~ &

1 . 00J Re c(if/, VZt/!)
+-(licosO-glsmO)- -e- , (4)

r ao r o(r, 0)

(pr~ -Vl)0 = -e Re Pr c(if/,0), (5)
ar r c(r,O)

where the upper dot denotes differentiation with r,and

u(r) = U(t)/(b/"t), GI = fJ!! Tie,

a, = gl(aZt/l'b),

9 being the gravitational acceleration, and

transfer from acylinder. These results remain largely
unaccompanied by theoretical studies, due to the
analytical and numerical difficulties associated with the
large amplitude oscillation. Only a few theoretical
studies on the effect of small amplitude sinusoidal
oscillation are known [5, 17].

The purpose of our work is to fill in this apparent
information gap. As a start, we give a method of
predicting transient heat transfer from a circular
cylinder which starts from rest a small amplitude
fluctuation of an arbitrary form. The same results are
also applied to predict the initial transient heat transfer
for the cases of realistically producible cylinder
motions. Some numerical results based on the present
theory are compared with the known results. New
results are also given. A similar theory without any
consideration of the natural convection effect was given
earlier by Lin [18]. However, he did not give any
numerical results.

2. MATHEMATICAL SOLUTlO;,\

Consider the heat transfer from a constant
temperature circular cylinder of radius a fluctuating
with aninstantaneous velocity -iU(t) in an initially
quiesient fluid as shown in Fig. 1. The fluid is
Newtonian and incompressible. Let the characteristic
time and amplitude of the cylinder fluctuation be
respectively t and b. Let the dimensionless velocity,
pressure, gradient operator, temperature and time be
respectively related to their dimensional counter parts
V, P, Vl' T and t by

v = V(t/b), p = P(iJW/poo, V = aV 1,

o = (T - TooVCr.-Too) = (T - Too )/!!T, r = t(v/a z),

where Poo is the ambient density, Too is the ambient
temperature, 7;. is the surface temperature of the
cylinder and v is the kinematic viscosity. The
dimensionless governing equations of mass, momen
tum and energy with respect to a reference frame

attached to the cylinder are

V"" = 0, (1)

a., = -u(r) sin 0,
or

y

r

iJifJ =0,
ar

liN
- - ~O = 0, 0(r, 0, r) = 1 at r = 1,

r c

1 at/!
- - ~ = u(r) cos 0 at r -> 00.

roO

-iU x

FIG. 1. Geometry and coordinate system.

The formulated initial-boundary value problem will
be solved with a regular perturbation series

t/! = Lent/!.. 0 = L en0 •.
n=O n~O

This series solution is expected to be valid for all time for
small amplitude but otherwise arbitrary fluctuation
such that e = b/a « 1 but Re, Pr, and Gr may be finite
[19-21]. The same series expansion is also valid for any
arbitrary u(r) during the initial time when e remains
much smaller than one [19-21]. For the case of
fluctuating flow about a cylinder, the characteristic
time is 1/w1, and Re = (/)la1lv, where (/)1 is the
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characteristic frequency. The environment is said to be
violently fluctuating with respect to the cylinder, ifw. is
so large that Re » I. We consider in this study only the
cases in which

Gr = 0(1), Ec = O(e), r/J = 0(1) and e « I.

For these cases, t/J. and 0. are decoupled in equations
(4)and (5)up to 0(e3

) for any finite Re and Pr. The case
ofGr = O(e) was considered by Lin [18].

The zeroth-order solution for the stream function t/J0
has already been obtained in other applications [19,20]
with a novel integral transformation of the dependent
variable followed by the method of Laplace transform,
and is given by

1/10 == lo(r, r] sin 0,

10 == u(-r)G-r)+ ~ f xo(s, -r)s ds,

xo(r, r) = 2t .i().)xo(r, -r-).) d)., (6)

21 00

dwxo(r,-r)= 1+- exp(-ah)Co(w,r)-,
7t 0 W

Co(w,r) = [Jo(wr)Yo(w)- Yo(wr)Jo(w)]

..;-. [J5(w) + Y~(w)],

where Joand Yo are respectively the Bessel functions of
the first and second kind of the zeroth-order. The
zeroth-o~dersolution for the temperature field 0 0 can
be obtained from the unsteady heat conduction
equation by use of the Laplace transform, and is given
by

2100

dw0 0 = 1+- exp(-w2-r/Pr)C
o(w,r)-.7t 0 W

Higher order solutions t/Jl, t/J2 and 0 .. O2 can be
obtained respectively from the unsteady Stokes
equation and heat equation with convective terms as
non-homogeneous sources. The boundary conditions
are all homogeneous. The reason the convective terms
can be treated as known sources even at finite Re and Gr
is because they are dominated by the local time terms
[19-21]. The method of solution is novel but rather
involved. It is documented elsewhere [22]. Only the
final solutions are quoted below.

t/Jl = Relll(r,-r) sin 20+/~I(r,-r)sin 0+/~2(r,-r)cos 0,
(7)

1/12 = Re 2[J2a(r,-r) sin 0+12b(r,-r)sin 30]

+ Re[J2.(r, r] sin 20+/22(r; -r) cos 20

+123(r,-r)+121(r, r] sin 0+122(r, r] cos 0], (8)

0. = Re Pr J(r,-r) cos 0, (9)

O 2 = (Re Pr)[X.(r,-r) cos 0-X2(r,-r) sin 0]

+(Re Pr)2 [M(r, r) cos? 0+ N(r, r) sirr' 0

+Q(r,-r) cos 20], (10)

where all functions of rand r are given in the Appendix.
These functions will be found useful by the reader who
wishes to obtain numerical results for the particular u(-r)
encountered in his practice but not included in the
present numerical examples.

The local heat transfer from the cylinder is

ktlT [a Jq = - -- - (00+£0 1 +e20
2)+0(e

3) ,
a ar ,=.

and the local Nusselt number is

NI/ = q/(MT/a),

where k is the thermal conductivity. The net heat
transfer from the cylinder is the integral of q from 0 = 0
to 27t, and the average Nusselt number is

filii = L2n Nu dO.

It follows from equations (6}-{1O) that

Nil = -2n0o,-7t(eRePr)2[M,+N,]+0(1:3), (11)

-r Nu = 0 0, +1:Re Pr J, cos O+(e Re Pr)2

x [M, cos? O+N, sin 2 O+Q, cos 20]

+1:2 Re Pr[X, cos 0- 1'; sin 0] + 0(e3), (12)

where subscript r stands for partial dilTerentiation with
respect to r,and all functions ofr are evaluated at r = 1.

The closed form solutions we have obtained involve
time in the integrands of multiple integrals. Thus the
instantaneous heat transfer depends on the entire past
history of the cylinder motion and heat transfer. As a
consequence, the determinations of the instantaneous
Nusselt number requires the evaluation of the same
multiple integrals for each r starting from r = O. This
makes the necessary numerical compulation very time
consuming. This is the major disadvantage of the
present method. The advantage of the method is that
the same solution applies to any form ofl/(-r)subjected
to known constraints. On the other hand any direct
numerical method requires a new program for each
form ofl/(-r). Adirect numerical program for a particular
form ofu(-r)included in our computation does not seem
to exist. It should be pointed out that equation (11)does
not state that Nil ~ Pr2, since Pr also appears in the
integrands of M; and N,. However, Redoes not appear
in the integrands, but appears only in the coefficient of
equation (11). Thus

Nu +2n0o,(1, r) ~ (I:Re)2

for any given Pr and r. Hence Nu for any Re can be
inferred from the value of Nil at any other value of Re at
the same r and Pr.

3. RESULTS AI'D D1SCUSSIO:\S

Due to the limited computer time available, we
obtained only the results for short time. Short-time
expansions of Xo and V. for r «; 1 are used in all
numerical integrations by the Gauss quadrature [23].
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FIG. 3. Variation of average Nusselt number with time at ReN
= 200 and Pr = 0.73. --, impulsively started uniform
motion; _.", sinusoidal fluctuation at w = 1300; -'-,
uniform acceleration until To = 0.01 then followed by a
constant velocity; ---, uniform acceleration until to = 0.1

then followed by a constant velocity.
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fluctuation frequency on the heat transfer. we plot the
fluctuating part of the Nusselt number, i.e. Nil, = NU
-Nile in Figs.4and 5,where Nile = -2n0o.(l . t )isdue
to transient heat conduction. Nile for two values 'of Pr

are plotted in Fig. 6. As the frequency increases from 40
to 1300. the magnitude of the fluctuating heat transfer
decreases dramatically. At relatively high frequencies,
the oscillation in velocity appears to occur so rapidly
that there is not enough time to develop a large
temperature gradient close to the cylinder.
Consequently. only a small erratically fluctuating
quantity of heat is transferred to the ambient fluid
during the transience. On the other hand, as w decreases
from 40 to 1, the fluctuating heat transfer is again
sharply suppressed and approaches zero as w ..... O.
Thus there must exist an optimum frequency, wop"
betweenro = I and 1300such that Nil, is the maximum.
The heat transfer responses at ta = 40. 100and 1300 in
each first cycle of oscillation lag behind the
corresponding sinusoidal velocity by 0.4227n, 0.4586n,
and 1.1097r, respectively . The period of the first cycle is
the time required for the heat transfer to reach the
second minimum after the start of the cylinder
oscillation. The phase lag diminishes as frequency
decreases as expected. It is interesting to note in Fig. 4
that the values of Nil, corresponding to the negative
velocity are higher than those corresponding to the
positive velocity during the oscillation. This pumping
effectdisappears in the case of higher frequency shown
in Fig. 5.

Similar computations show that both the phase lag
and the amplitude of the fluctuating heat transfer

9

100'r:---.--.---.-.,----,--.------.--.----.--,

80

70

60

First consider the case of a cylinder with lI('r) and
0(1,0, r] both given by the unit step function; i.e. the
motion and heating of the cylinderare both impulsively
started. It follows from the nondimensionalization
scheme that l = vbjV = bjUm and eRe = Umaj\' = ReN
where Urn is the uniform cylinder velocity. The Nil
values for thecase of'Rej, = 100andPr = 0.73aregiven
in Fig. 2 together with the corresponding results of Jain
and Gael [1] and Sano [2]. The agreement with Sano's
results obtained from the matched asymptotic
expansion is better than with Jain and Goel 's results
obtained with the boundary layer theory.

An impulsively started motion is extremely difficult,
if not impossible, to produce. In actual situations, the
cylinder motion is more like that of a uniform
acceleration until a finite time t e and then followed by a
constant velocity. Nil values corresponding to two
values of'r, arc given in Fig. 3 together with the results of
the impulsively started case. As expected. the average
Nusselt numbers ofthe impulsively started case bound
from above those of the other two more realistic cases.

Next consider the case of sinusoidal fluctuation
starting from rest. In this case

35

3 2~-'--=:!=;_'_--;:;-~;;_'_--;;-.~:_'_-=~~~o 0.002 0 .004 0.006 0008 0.01

50

40

where WI is the dimensional frequency. Hence eRe =

wtbaj\' = ReN' The results of Nil for W = w t(a
2/ \,) =

1300 are given in Fig. 3. It is seen that the cylinder
fluctuation at this particular value of w cannot enhance
the heat transfer beyond that corresponding to the
impulsively started cylinder at the same ReN, at least
during the initial time. To study the effects of the

FIG. 2. Variation of average Nusselt number with time at Pr
= 0.73 and ReN = 100 for the case of an impulsively started
uniform motion. --, present study; - '-, Jain and Gael

[IJ; •...., Sana [2].
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FIGA. Variation offluctuatingheattransfer(NuJ with time at ReN= lOandPr = 0.73.-··-,w = 1;---,
eo= 40;-···-, w = 100.--, sin (40r).

increase as Pr is increased, when OJ and ReN are held
fixed[22]. This is quite to be expected, since an increase
in Pr means an increase in thermal diffusion time
relative to the momentum diffusion time. However, the
phase lag does not vary with a change in ReN = eRe,
since ReN is not coupled with time in the expression of
Nu" As is already pointed out at the end of the last
section, Nu, - Re~.

There do not seem to exist measurements of initial
transient heat transfer that we can use for direct
comparisons. However, there are some known works
which are related with the present study. Antonini et al.
[16] measured the stationary heat transfer from a
constant-temperature hot wire which oscillates
sinusoidally in an initially quiescent fluid until the flow
becomes stationary. Theyfound that there was always a
phase lag between the heat transfer fluctuation and the
velocity fluctuation at finite frequencies. The same is

found during the transience studied here. It appears
that the phase lag which occurs during the transience
diminishes but will not vanish as ,-> 00. Davies [17]
found with an Oseen-type approximation that the
phase lag always exists unless OJ1 < O.2rr.UUX, where X
is the thermal diffusivity and Uo is the constant mean
velocity of the ambient fluid in a stationary motion with
a small amplitude sinusoidal oscillation. This
statement implies that there will always be phase lags as
Uo --+ 0 (which is the case in our study); and that there
exists a critical frequency above which there wiIIalways
be phase lags in stationary flows with finite mean
velocity. Apelt and Ledwich [5] studied numerically
the transient heat transfer from a constant-temperature
cylinder in a flow with a sinusoidal variation in velocity.
The amplitude of the variation is 10% of the mean
velocity of the flow which is at Reo = 2Uoa/v = 10.
They found a phase lag of0.2283rr.at a frequency as low

u
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FIG.5. Variation of fluctuating heat transfer (NuJ with time and ro = 1300,ReN = 10, and Pr = 0.73.-·-,
sin (cor),
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FIG. 6. Dimensionless pure-conduction heat transfer (N u.) vsdimensionless time (r),--, Pr = 0.73; -'-,
Pr = 6.82.

1/ ..

FIG. 7. Variat ion of local Nusselt number with time at ReN
= 100 and Pr = 0.73 for the case of impulsively started
uniform moti on. --, present study; -----, Sano [2]; -'-,

Jain and Gael [I].

4. COi'\CLUSIOi'\S

[2J at ReN = 100and Pr = 0.73. The agreement is only
fair. Howev er, the agreement improves when only the
first two terms of equation (12l are retained in
computation. Sano found that for r ~ 0.004 a
minimum Nil exists between 0 = 0 and n12. He
suggested that this may be related to the flow
separation. However, his numerical results show the
existence of a minimum for both separated and
unseparated flows. The local minimum of Nil does not
seem to have been found experimentally. It should be
pointed out that the boundary layer approximation
used by Sano in his inner solution is probably invalid
during the initial time when a boundary layer is not yet
established. Th e present method does not require the
boundary layer approximation.Figure 9shows that the
idealized model of an impulsively started uniform
motion overestimates near the forward stagnation
point but underpredicts near the rear stagnation point
the local heat transfer from a circular cylinder which
moves with a more realistic 'impulsively' started
uniform velocity . Figure lOshows the effectof Pron Nil.
Figure II gives some typical results for the case of a
sinusoidally oscillating cylinder.

The closed form solution we obtained can be used to
determine the local as wellas the net heat transfer from a
constant-temperature cylinder which starts from rest
any arbitrary translational fluctuation of amplitudes
much smaller than the cylinder diameter. The same
results may also be applied to predict the initi al
transient heat transfer from an impulsively started as
well as more realistically possible motion of the
cylinder. At given ReI'" Pr and Gr, it isshown that there
exists an opt imum frequency of sinusoidal oscillation
for the maximum net heat transfer. Based on our
numerical results on the phase lag of heat transfer and
previous workers' results discussed in the last section,

1000800600400200
OL---,-_-,---,_--,--_'---'-_-'---'_--L..---J

o

20

5

Nu

15

as 0.0692 Hz. Our new findings for transient flows
complement the known results of Apelt and Ledwich
[5J and Davis [17].

Figure 7 gives the local Nusselt number at 0 = n/4
and 7t for the case of an impulsively started motion. The
corresponding results of Sano [2J and Jain and Goel
[IJ are also given in the same figure for comparison.
Th e agreement is better near the rear stagnation point
than at the forward stagnation point. The agreement
seems to improve at larger values of r, In Fig. 8, we
compare the present results of Nil with those of Sano
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FIG. 8. Instantaneous distribution of local Nusselt number with 0 at ReN =' 100 and Pr = 0.73for the case of
impulsively started uniform motion. --, present study; ----, Sano [2].
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FIG. 9. Instantaneous distribution of local NusseIt number with 0 at ReN = 100 and Pr = 0.73. --,
impulsively started uniform motion;-.-, uniform acceleration until To =' 0.01 then followed by a constant

velocity.
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FIG. 10. Instantaneous distribution of local Nusselt number with 0 at ReN =' 100 for the case of impulsively
started uniform motion. --, Pr = 0.73; -----, Pr = 6.82;-·-, Pr = 10.
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FIG. 11. Variation of local Nusselt number with time at w = 1300, ReN = 100, and Pr = 0.73. --, 0 = 0:
-----, 0 = 7(/4; -'-, 0 = 7(/2;---, 0 = 37(/4; -"-, 0 = 7(.

we tentatively conclude that the quasi-steady response
assumed in hot-wire or hot-film calibration is invalid,
since all possible frequencies of fluctuation are present
in turbulent flows with or without mean velocity. This
conclusion is tentative, since our results arc valid only
for small amplitude fluctuation while in turbulent flows
the fluctuation amplitudes arc mostly greater than the
hot-wire diameter. Efficient numerical programs
capable of predicting the net and local heat transfer in
large amplitude fluctuating flows are prerequisites for
making the above conclusion more definitive. Until
these programs become available, the numerous
experimental studies of the effects of large amplitude
oscillations on heat transfer cited in the introduction
will remain unsupported by theories . However, the
present analytical results may serve as testing stones for
the numerical accuracy of the above mentioned
computer program to be developed in the near future.

Measurements of 'transient' local heat flux due to
convection do not seem to exist. Finally we point out
that equation (11) can be solved as an integral
differential equation to predict u(r) with the net heat
flux as measured input [22].
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APPENDIX

hi(r,.) = r- 2 J: Xji(S,')S3 ds, (i,j = 1,2),

1 f'" f.'Xji(r,.) = - [EI(s,r, .-J.)- VI(s,r, .-).)]Gji(S,).)S2 d). ds,
rIO

EI(S,r,.)=;. exp [ _r2;s2}.[;:1

fl +1'"

VI = 2[K I(rr)K I(rs)I.(v)/K I(v)]exp[v
2.]v dv .

.,-100

Where II and K I are respectively the modified Bessel functions of the first and second kinds of the first order,

Gji(r,.) = 0.5 J: [Fji(s, .)Js] ds,

Fll(r,.) = -~[Xo.(XO-U-~-~ J: VXo dv)+xo••(ur-;-~ J: VXo dv)l
F 12 = 0,

FlO = -r-I(fO.xli. -fOxli.. +xo.!lI.-XO.. f~i)'

1IfjJr,.) = - Xji(S, .)s ds, (i = 1,2, j = 1,2),
r I

Xji =1'" t I'" E2(w,r,.-).)C2(w,r')Gjir'w dw d). dr',

(G'lhG~2) = GI(u,g)[0o(r, . ) - I],

Eiw,r,.) = exp[-w2.]Ciw,r),

Ciw,r) = [Jo(wr)Yo(w)- Yo(wr)Jo(w)]/[J~(w)+Y5(w)] 1/2,

t; = r- I J: X2.(S,.)s ds,

X2. = 1'" t I'" E 2(w,r, .-).)C2(w,r')G2.r'w dw d). dr',

G2• = 0.5 J: F2'(S, r) ds,

F2• = r-I[fO(xll. +rxll rr)-fl.XO.+2(rfo.xll• -fIXO.J],

f2b = r- 3f: X2b(S, ')SS ds,

f "' f.' dX2b = r- 2 [EI(r, .-J.)- V4(s,r, .-).)] - G2b(S,).)sS d). ds,
I 0 d).

fl +
'
'''

V4 = 2 [K 2(u)K2(rs)I2(r)/Kiv)]v dv,
y-i:YJ

G2b = 0.5 J: s-IF2b(S,.)ds,

F2b = F2.-4(ifo.xll. -fllXOJ,

f23 =f: s-lx 23(s,.)ds,
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f'" It dX23 = r [EI(r, r -l)- VI(s,r, r -).)] - [G13(S,).)]S2d). ds,
I 0 dl

G13 = 0.5f F13(s,r )s ds,

F23 = r- I(/0.x
I2•+/OXI2~ -/~2.XO.-/~2XO~)'

J(r, r ) = fl'" t[EI(r,:I-).)- V1(r,s,a-l)]H(s,l)s d). ds,

II = (2/rrr)/o(r.r)f'exp(-ah/Pr)CI(w,r)dw.

CI(w,r) = [Y.(wr)Jo(w)-JI(wr) Yo(w)]/[J5(w) + Y5(w)].

Xj(r,'t) = fl'" t [EI(r,a-l)- V1(s,r,a-l)]Gj(s,).) d). ds,

Gj(r,'t) =f'1i0 0•• (i = 1,2),

(At,N) = fl'" t 1'" E2(w,a-;.)[CM(r', l), Cl';(r', A)]C2(w,r')w dw d). dr',

CM =/oJ" CN = Jlo.,

f"' I'{ 1 [r
2+s2J(

[ rs J [ 4(:X-;')JQ= ---exp ---- sIo --- - r+---
I 0 4(:x-)l 4(:1-).) 2(:1-).) r

x II [_rs_] + [.!.. V,(s,r,a-).)- Vds,r,a-).)J} B(s,).)s2 d)' ds,
2(:x-).) r

B(r, r ) = fS-2{Ca(S, 't)-2r- 1[At(s, 't)-N(s, rmds,

Ca(r, r ) = 2/11(r,t)to.(r, t)/Pr.

TRANSFERT THERMIQUE VARIABLE A PARTIR D'UN FIL DANS UN ENVIRONNEMENT
FLUcrUANT VIOLEMMENT

Resume-Une solution analytique de perturbation est obtenue pour Ie problerne du transfert thermique
transitoire apartir d'un cylindre circulaire atemperature constante dans un ecoulement de f1uidenewtonien
incompressible fluctuant violemment. Le pararnetre utilise est Ie rapport de l'amplitude maximale de la
fluctuation au diametre du cylindre. La solution est valable asymptotiquement pour une valeur quelconque
des nombres de Reynolds et de Prandtl. La convection naturelle est uri effet du second ordre. La solution est
aussi appliquee au transfert thermique initial d'un iii qui part du repos pour un mouvement de translation
quelconque. Des resultats nurneriques en fonction des nombres de NusseIt locaux, variables par rapport au
temps, et moyens sont utilises pour montrer Ie dephasage de la reponse thermique ala fluctuation de vitesse.
On montre qu'il existe une frequence optimale de l'oseiIlation sinusoidale, pour un transfert thermique

maximal avec des parametres donnes de l'ecoulement.

INSTATIONARER WARMEOBERGANG AN EINEM DRAHT IN EINER STARK
FLUKTUIERENDEN UMGEBUNG

Zusammenfassung-Fiir das Problem des instationaren Warmeilbergangs an einem kreisformigen Zylinder
konstanter Temperatur in einer stark fluktuierenden Strornung von nichtkompressiblen Newtonschen
Fliissigkeiten, wu.de mittels Storungsansatz eine geschlossene Losung erhaIten. Parameter in der Losung ist
das Verhaltnis von maximaler Amplitude der Fluktuationen zum Durchmesser des Zylinders. Die Losung ist
fiir aIle Werte der Prandtl- und Reynoldszahlen asymptoisch giiItig. Die freie Konvektion wurde als EinfluB
zweiten Grades beriicksichtigt. Mit der Losung kann auch der anfangl ich instationare Warmeubcrgang an
einem Draht, der aus der Ruhe heraus eine beliebige translatorische Bewegung beginnt, berechnet werden,
Numerische Ergebnisse in Form von zeitabhangigen artlichen und mittleren Nusseltzahlen werden
verwendet, urn die kennzeichnende Phasenvcrschiebung des Wiirmeiibergangs gegeniiber der fluktuierenden
Geschwindigkeit darzustellen. Es wird gezeigt, daB eine optimale Frequenz bei sinusformiger Schwingung fiir

maximalen Wiirmeiibergang bei vorgegebenen Stromungsparametern existiert .
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HEYCfAHOBltBWufiCJI TEnJlOnEPEHOC OT npOBOJlOKU B CUJlbHO
nvnscm-viomen OKPY:>KAlOlllEfi CPEllE

AIIIIOT311HlI-B 3a~IKIlYTO~1 BII.ne noriyxeno peurenne B B03~IYll.leIllIHX nns 3a.na'lll ueycranoauamerocs
nepeuoca renna OT xpyrosoro UIIJlIIII.npa C nocrosunon rexmeparypoii B cunsno nyrn.capyiounrx
nOTOKax UCCJKII~laC~lbIX UblOTOUOBCKIIX JKII.nKOCTeii. Hcno.1b3ye~lbIii B peuremnt ManbIii napasrerp
npencraanser cofioii oruourenue MaKCII~la,1buoii axmnurynsi xonefiaunil K nnaxrerpy U1L11l1IDpa.
Peureuue lIB.111eTCH aCII~mTOTll'leCKII cnpaaennnasnt npn mofisrx 3I1a'leUIIHX sncen Ilpaunrns II
Penuonsnca. ECTCCTBCUHaH KOIIBCKUlIlI paCC~laTpIIBaCTClI KaK 3<jJcjJCKT aroporo nopsnxa. Peurenne
~IOJKCT IIcnO,lb30BaTbClI TaKJKC .nnll paC'ICTa neycranosnaurerocs nepeuoca TCnJla OT UIL1I1I1.npa,
cosepurarourero npomao.u.uoe nocrynarensnoe .nBIIJI(CIIIIC 113 COCTOllUlIlI nOKOH. 4I1C.1ClIIlbIC pC3yJ1bTaTM
B BII.nC 3aBIIClIWIIX OT BPC~ICHII noxansnux II CpC.nIlIlX qllCcn Hyccensra IIcnonb3YlOTClI .lLlll .nCMOU
crpaunn nnnsnua nynscaunti CKOpOCTII aa TcnnoBylO IIUCPUllIO UIIJIlIII.npa. Iloxaaauo, 'ITO Mil

xraxcuxram.noro peaynsntpyrourero TcnnoBoro nOTOKa npn aanannux napaxierpax TC'lCIIIIH xapaxrepua
onpenenemras orrruxransuaa xacrora cunyconnansnstx Ko.lc6allllii UIL1111l.npa.

IUiT 26:11-1

1705




