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Abstract—The conjugate heat transfer between a laminar free impinging liquid jet and a laterally insulated
disk with arbitrary temperature or heat flux distribution prescribed on the non-impingement surface is
investigated analytically. The local Nusselt number is found to depend upon the Prandtl number, Pr, of
the fluid, the ratio of the fluid conductivity to the solid conductivity, &, the aspect ratio of the thickness to
the radius of the disk, ¢, and the prescribed temperature or heat flux distribution. For a thick disk, e.g.
¢ = 1, the prescribed temperature or heat flux has little effect on the local heat transfer coefficient. For a
thin disk, however, the effect is considerable. Increasing the prescribed temperature or heat flux with the
radial distance r from the stagnation point enhances the local heat transfer coefficient while decreasing the
prescribed temperature or heat flux with r reduces it. The results also indicate that the local Nusselt number
becomes higher when k is larger, other parameters being the same. For very small ¢, e.g. ¢ = 0.001, the
result is essentially the same as that where the boundary condition is imposed on the impingement surface
(Int. J. Heat Mass Transfer 32, 1361-1371 (1989)).
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1. INTRODUCTION

JET IMPINGEMENT is commonly used in engineering
applications because of the high heat transfer rate
associated with impingement. In such applications, it
is important to predict the thermal interaction
between the jet and the impingement surface. To pro-
vide uniform cooling of a large surface, an array of
jets is used. An understanding of the thermal charac-
teristics of a single jet impingement is essential in
optimizing the performance of multi-jet cooling units.
This paper presents an analytical treatment of the
conjugate problem of single jet impingement.

Laminar jet impingement heat transfer has been
extensively investigated. A brief review of the previous
work was given in two recent papers [1, 2]. In these
two papers, analytical solutions to the problem of
heat transfer between a free laminar impinging jet and
a solid surface were obtained for an arbitrary surface
temperature or heat flux. In the stagnation region,
both the exact energy equation and the boundary
layer energy equation were solved asymptotically. An
integral solution was given in the transition region
between the stagnation and the boundary layer
regions, while in the boundary layer region, the energy
equation was solved by the superposition method.

In all previous work on jet impingement heat trans-
fer, only the energy equation for the fluid phase is
solved and the boundary conditions are prescribed at
the fluid-solid interface. In engineering applications
of jet impingement, however, the temperature or heat
flux at the impingement surface is usually unknown
before the problems are solved. Consequently, the

energy equations for the fluid and solid phases should
be solved simultaneously.

Although most convective heat transfer problems
are conjugate problems, as pointed out in ref. [3], little
work has been carried out on conjugate heat transfer
problems as compared to the classical convective ones
in which the wall resistance is neglected. Luikov ef al.
[4] presented exact solutions to the conjugate prob-
lems of internal flow through a tube and compressible
flow past a flat plate. In ref. [5], conjugate heat transfer
from discrete heat sources mounted on a channel
wall and exposed to fully developed laminar flow
was investigated by using a finite difference method.
Luikov [6] solved the conjugate heat transfer prob-
lem with a laminar incompressible flow past a flat plate
of finite thickness by assuming a linear temperature
distribution in the solid phase. Chung and Kassemi
[7] examined the transient conjugate heat transfer for
the flow over a flat plate with time-dependent tem-
perature prescribed at the lower surface. The fluid-to-
fluid conjugate heat transfer problem for a vertical
pipe with forced convection inside the pipe and natu-
ral convection outside the pipe was solved numerically
by Sparrow and Faghri [8]. In the analysis, the pipe
wall is assumed to be very thin so that the thermal
resistance of the pipe wall can be neglected.

The objective of the present paper is to investigate
the conjugate heat transfer characteristics of a laminar
circular jet impinging on the plane surface of a solid
disk which is laterally insulated with an arbitrary tem-
perature or heat flux distribution prescribed at the
non-impingement surface. The solution is based on
the analytical solutions for the fluid phase presented
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H thickness of the disk
k ratio of the fluid conductivity to the
solid conductivity

k¢ fluid conductivity

k, solid conductivity

Nu Nusselt number, q,d/k(T,—T,)
Pr Prandt] number

4 heat flux at the interface

O prescribed heat flux at the non-

impingement surface

Owo prescribed heat flux at r = 0

r radial coordinate

P radial distance of the matching location
o jet radius

R, radius of the disk
Re Reynolds number, Uyd/v

T, prescribed temperature at the non-
impingement surface

Two prescribed temperature at r = 0

T; temperature for the fluid phase

T, interface temperature

NOMENCLATURE
a constant defined in equation (5) T, temperature for the solid phase
Ay, A, coefficients in the solution for the solid T, jet temperature
phase To stagnation point temperature
b constant defined in equation (20) u velocity component in the r-direction
By, B, coefficients in the solution for the solid U, jet exit velocity
phase w velocity component in the z-direction
jet diameter z coordinate normal to the wall.
e parameter defined in equation (29),
Ry/d
F, dimensionless heat flux defined in Greek symbols
equation (26b) o thermal diffusivity
F, dimensionless temperature defined in o viscous boundary layer thickness
equation (26a) 0, thermal boundary layer thickness
A ratio of thermal boundary layer

thickness to viscous boundary layer
thickness

£ parameter defined in equation (25a)

{ dimensionless variable defined in
equation (25c)

0, dimensionless temperature defined in
equation (10)

0. dimensionless temperature defined in
equation (7)

B, dimensionless temperature for the solid
phase defined in equation (24)

on eigenvalues defined by J(4,£,,) = 0

v kinematic viscosity

g, ¢, dimensionless variables defined in
equation (6)

P dimensionless variable defined in
equation (25b)

g, eigenvalues defined by J,(g,) = 0

¢ dimensionless function defined in

equation (12).

in refs. [1, 2]. The choice of a disk for the solid phase
geometry is based on the circular nature of the
hydraulic jump associated with free jet impingement.

2. FORMULATION

The geometry of the present conjugate problem is
shown in Fig. 1. The impinging liquid jet is laminar
and the prescribed temperature T, or heat flux Qy, is

Free jet region
Impingement region
Boundary layer region

—=x—="
Insulated —= i 0!

}“'—Ro_‘_’

F1G. 1. Schematic diagram of a free impinging jet system.

Toor Qp

an arbitrary function of r. The energy equation for
the fluid phase is

oTy oT, o2 10T &°T,
T ‘=a<%+r‘-’~+—,«f>. (1)

u w
or iz

1t is concluded in ref. {1} that radial conduction
plays a much more important role in the stagnation
region than elsewhere since the radial velocity is so
small that the radial convection is negligible near the
stagnation point. Consequently, the radial conduction
term in equation (1) is included in the solution for the
stagnation region. Outside the stagnation region, the
radial velocity is well developed and hence the radial
convection is much more important than the radial
conduction. Consequently, the radial conduction term
in equation (1) can be neglected and the temperature
field is of the boundary layer type outside the stag-
nation region. For the solid phase, the energy equa-
tion is
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8T, 18T, o°T,

Bt =0 @

The boundary conditions for the present conjugate
problem are

T;=T, as z— (3a)
66—1: =0 at r=0 (3b)
6;;5 =0 at r=0 (3¢c)
867;5 =0 at r=R, (3d)

oT,
T, =T,(r) or ——ks—a?s=Q,,(r) at z=—H

(3e)
oT, oT;
T,=T;, and k.Sa ——kfa at z=0. (3f)
3. SOLUTIONS

For conjugate problems, the energy equations for
the fluid and solid phases are coupled by the matching
conditions (3f) at the interface, z = 0. Usually, to
obtain an analytical solution, the general solutions to
the energy equations for both phases are obtained
separately. The two solutions are then matched by
requiring the continuity of the temperature and heat
flux at the interface.

3.1. Solution for the fluid phase

For the fluid phase of the present problem, the
general solution to equation (1) was obtained
asymptotically in ref. [1] for the stagnation region and
in ref. [2] for the boundary layer region in terms of
the temperature T; at the fluid—solid interface. The
solution is given in different forms for the three differ-
ent regions: the stagnation region, the transition
region and the boundary layer region. For the stag-
nation region, the heat flux at the interface is

{52 #,,(0)

+ Z [q;(O)+D;(0)]Jo(/1né)} 4)

ne=1

g = k
\/(V/a)

where k; and v are the conductivity and kinematic
viscosity of the fluid, T, the stagnation point tem-
perature, T, the jet temperature, and a the velocity
gradient of the potential flow given by [9]

a=044-2 )

where U, is the jet velocity and r, the jet radius. The
dimensionless coordinate ¢ is defined as
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where r,, is the radial distance from the stagnation
point to the location at which the boundary layer
thickness in the stagnation region is matched with
that outside the stagnation region. The dimensionless
temperature, 8, at the matching location is defined
by

(6)

TmﬁToo
T0~Too

0., = M

and g, and D, are determined by the following ordi-
nary differential equations and boundary conditions :
9.+2Prdg,—A2g, =0 (8a)

2

9O = a2 T
Em 2
x J [9,(5) f : ((»]Jou HEdE (8b)
gn(0) =0 (8c)
DI +2Pr ¢D,— 2D, = L(n) (9a)
D,(0) =0, Dy(a0) = (9b)
where
Ti - Too
=7 (10)
and
86
L = - >

él::l J] (lném)'ln

2
- m"i%ém]n (Aném)
=20 (A E (00 +2Pr ¢6,)  (11)

while ¢ is defined by the following ordinary differ-
ential equation :

¢ +204"— ¢ +1=0 (122)

#(0) =¢'(0) =0, ¢'(0) =1. (12b)

Finally, A, are the eigenvalues defined by
Jo(Aém) = 0.

For the transition region between the stagnation
region and the boundary layer region, the heat flux at
the interface is given by the following equation [1]:

Ti r _Too
g =2 0T (13)
t
where
3, =Aé (14)
and 9 is given by
420 v vors
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In equation (14), A is determined by the following
ordinary differential equation:

d 2vr T()-T,

g PO = TLJHW)} = 5 =5er (16)

where H(A) is defined as

H(A)
Zas Saey L Pr>1

5% T1a0® T iso rz
L0/ S S
102" 10T 154 " 140a° T1goAs T
amn

For the boundary layer region, the heat flux at the
interface can be written in the form [2)

e d
= — — *Y * %
qi kf ﬁ 6265\(ra oﬁr )drT'l(r )dr

’Ti(rl)'—Tff.

f o Priysdn dn
0

where r; can be taken as 2r, according to ref. {2]
and 6, is the dimensionless temperature distribution
corresponding to a step change in the interface tem-
perature, f(n) is a dimensionless function defined by

—(3Uq/2vr) (18)

S =0 (19a)
SOy =f(0)=0, f(o)=1 (19b)
while the derivative
6%0“("” 0,r*%)
is given by ref. [2] in the following form:
%GSI(r, 0,7%) = %‘/(_—S:J*‘/’—g‘—f/? [F4(0)
+ F(0)(1—r*/r)+ F5(0)(1—r*/r)* +...] (19¢)
where b is a constant given by
b = 0.32644Pr'? (20)
and F5(0), F(0) and F,(0) are
Fo(0) = — m@ (2la)
F,(0) = —0.23329+4-0.046658 Pr ™! (21b)
F}(0) = —0.077764+0.0015553Pr !
—0.0052878Pr" . (21¢)

In all the above resuits, the temperature 7;(r) or
0,(r) at the interface is unknown for the present prob-
lem and should be determined by matching these
results with the solution for the solid phase. In the
next section, we will first obtain the general solution
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for the solid phase and then show how the two solu-
tions can be matched.

3.2. Solution for the solid phase and matching procedure
The energy equation (2) for the solid phase can be
written in dimensionless form as

L (220, + 100, o, 0 s
¢ ép* " p Op + G (22

and the boundary conditions (3) can be written in the
form

0
=-=0 at p=0 (23a)
(Y
a6,
0 at p=1 (23b)
ap
a0, .

0.=F(p) or F=-Fp) at {=-1 (230
aT, o,

T=T; and k'3*=k50 at :=0  (234)

where 0, is the dimensionless temperature for the solid
phase defined by

T,—T, . .
| T :—T_, for a prescribed temperature
ks(Tﬂ - Tx/) .
—————~ for a prescribed heat flux
Ol P

(24)

and ¢, p and { are the dimensionless parameter and
dimensionless coordinates defined by

g= —— (25a)
R,
r
_r 9
p R, (25b)
(== (25¢)

where R, and H are the radius and thickness of the
disk. In equation (24), Ty, and @y, are the prescribed
temperature and heat flux at r =0, and F,(p) and
F,(p) the prescribed dimensionless temperature and
heat flux defined by

F 4Tb _ ]:i 16: )
=7 T, (262
, s

F =2 26b
=0, (260)

where T, and Q, are the arbitrarily prescribed tem-
perature and heat flux. Note that the matching con-
dition (23d) is given in dimensional form since for the
fluid phase, the dimensionless temperature is defined
in different forms for different regions. The solution
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of equation (22) which satisfies boundary conditions
(23a) and (23b) is

0, = Al +By+ Y. [d,cosheo,({+1)

n=1

+ B, sinh ¢6,({+ D] Jo(a,p) (27)

where o, are the roots of J,(g,) =0 and the coeffi-
cients 4, and B,, n=0,1,2,..., can be determined
by applying boundary condition (23c) and matching
conditions (23d). Since the solution for the fluid
phase is complicated, not all the coefficients can be
written in explicit form. Hence an iteration procedure
must be developed to determine some of the
coefficients numerically. As was pointed out in refs.
[8, 10], for conjugate problems the iteration procedure
converges more rapidly if the thermal information is
transferred through the interface by the heat transfer
coefficient. The reason is that at any stage of the
iteration, the heat transfer coefficient is usually closer
to the correct value than the interface temperature
or heat flux. In the present problem, therefore, the
iteration procedure begins with guessing the Nusselt
number between the jet and the disk. Then the con-
dition at the fluid—solid interface becomes

00,

61: —eek Nu(p)b,

at {=0 (28)

where Nu(p) is the guessed Nusselt number and e and
k are dimensionless parameters defined by

R

e= 7" (29a)
ke

k= i (29b)

The determination of the constant coefficients 4, and
B, is now described for two distinct cases. For the
prescribed heat flux at the non-impingement surface,
the application of boundary condition (23c) gives 4,
and B, as follows:

4p= -2 f Fp)pdp (30a)

aa Jo

Applying condition (28), one can find that 4, is deter-
mined by the following equation :

2 A
n=1

1 i
L S Jo(g;p)pdp = ﬁ) SyJo(a,p)p dp

i=1,23,... (1)

where
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= [eek Nu(p) cosh ¢o,

+ &0, sinh ¢6,)J(6,0)

1
—2¢0,, Nu(p) sinh eo,, J Jo(9,0) pdp (32)

o Nu(p)

and
1
S, = 2A0Nu(P)J Nu(p) ~——=dp—4,

- Y B, {[sekNu(p) sinhea,

n=1

+¢0, cosh eg,}J, (0,0) — 280, Nu(p)

' Jo(6.p) }
xcoshsa,,J; Niilp) pdpr. (33)

Finally, B, is given by

24, N
" eek Nqu)

1
Jo(6,p)
B, h —_——
+ B, cos ea,,)J; Nulp)

B, = - Z 6,(4,sinh e,

n=1
pdp. (34)

For the prescribed temperature at the non-impinge-
ment surface, the application of equations (23c) leads
to the following results:

1
Ao—By = *ZJ; F(ppdp (35a)

2 1
A, = E@—)L F(p)Jo(o.p)pdp. (35b)

After applying condition (28), one obtains the fol-
lowing equations which determine B, :

1
Z B, J S3Jo(op)pdp = J S4Jo(g;p)pdp

n=1

j=1,23,... (36)
where
S5 = ¢g[o, cosh eg, + ek Nu(p) sinh eq,,]

x Jo(0,p) —2e0, cosh e,

1—2Nu(p) f My ¥

X 1
P
gek+2 | ——d,
LNu(P) ’

+ Nu(p)

1
J
XJ‘ O(an)pdp
0

Nu(p) c0)

and
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Lop
2— 4Nu(p)J l;——dp

Sy=— _:_2 e ;)M.;,\
gek 1o Nu{p) P

J F(pypdp— Z A, { gek Nu(p) coshea,
o=l

+ g0, sinh eg,1Jo(0,p) — 2e0

I~7Nu(p)j‘

Nu t(p)
X | Nu(p) + e
P
: 2l B
sek+~J‘ Nt dp
3 ' JO(GHP)
x sinh go, L '*ﬁ;(;))fpdp . (38)

Finally, 4, is determined as

1
Ay = — —_——

L2
gek o

[z

_6) n=1

f To(0,p)
X ~p
o Nu(p)
If the infinite series in equations (31) and (36) are
truncated after M terms, the two equations represent
two systems of M linear algebraic equations for two
sets of M unknowns, respectively. Once equations
(31) and (36) are solved, the coefficients 4, and B, can
be determined for an arbitrarily prescribed tem-
perature or heat flux at the non-impingement surface
of the disk. Hence the temperature and heat flux at the
fluid-solid interface can be calculated. The calculated
interface temperature can then be used to compute
the interface heat flux at the fluid phase by equations
(4). (13) and (18). Finally. the computed heat flux
values are compared with those at the solid phase in
the corresponding regions. If the agreement is not
satisfactory, the initial guess of the Nusselt number is
changed according to the following iterative scheme:

N u(p)

0,{A,sinhss,+ B, cosheo,)

dp+2 ﬁ F,(ﬂ)pdp]- (39

d qrs_ Qrt
2k T~T,

Nuy, 4y, = Nug, — (40)
where g, and ¢, denote the heat flux from the solid
phase and fluid phase at the interface, Nu,., and
Nuy,, denote the (n+1)th guess and the nth guess,
respectively. The above procedure is repeated until
the desired accuracy is achieved.

In the present calculation, the Nusselt number is
initially guessed at 21 radial points on the interface.
The assumed values are then represented by a finite
Fourier cosine series such that a continuous Nusselt
number profile is prescribed. The comparison of the
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1.5 3

2
4 2 §
&
« e
ES ,.é
3z 5
S o
2 g
;"
&
- Result of ref. {2]
— — — Present result
; L 0
0 2 4 6 8 10
riry

Fi1G. 2. Comparison with previous result.

interface heat flux for the fluid phase with that for the
solid phase is carried out at the same discrete points
on the interface.

The sensitivity of the solution to the number of
points at which the Nusselt number is guessed is exam-
ined by calculating the Nusselt number for a different
number of points. The caleulation shows that the
result is not sensitive to the number of points if the
number is larger than 10. For 11 and 21 points. for
instance. the difference in the Nusselt number is less
than 0.5%.

4. RESULTS AND DISCUSSION

The main purpose of the present analysis is to inves-
tigate the distribution of the heat transfer coefficient
between the impinging jet and the sohd disk. In
general, it is clear that the quantity Nu/Re'? is a
function of Prandtl number, Pr, the conductivity
ratio, k. and the aspect ratio. ¢. The prescribed tem-
perature or heat flux profile may also influence the
heat transfer coefficient distribution.

For the special case where the aspect ratio ¢
vanishes, the present conjugate problem becomes the
convection problem of refs. [1, 2} in which the bound-
ary conditions are prescribed at the impingement sur-
face. For & = 0.001, the present result for Nu/Re' ™ is
compared with that of ref. [2] in Fig. 2 for a prescribed
increasing temperature shown in the same figure. Itis
clear that the present result is essentially the same as
that of ref. [2] for the same prescribed temperature
distribution except in a small region near the edge of
the disk. This is true for any value of the conductivity
ratio k. The reason for the difference near the edge is
that for the conjugate problem the radial derivative
of the interface temperature vanishes at the edge of
the disk since it is insulated, while the derivative of
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1.5 3
Pr=10
k =0.05
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Constant Ty,
— —— Increasing T},
l i I L ! 0
0 2 4 6 8 10 12
r/ry

FiG. 3. Result for thick disk.

the prescribed temperature is not zero at the same
location. The same behavior of Nusselt number near
the insulated edge was also shown in ref. [11] where
the conjugate problem associated with laminar flow
through a pipe was solved.

Figure 3 shows the Nusselt number profile fore = 1,
corresponding to the case of a thick disk. For this
case, the Nusselt number is almost the same for a
prescribed constant temperature and for a prescribed
increasing temperature. This is due to the fact that the
prescribed temperature distribution loses its influence
on the interface temperature profile when the disk is
sufficiently thick due to conductive effects. This is also
true for the case of a prescribed heat flux distribution.
As we will see later, the prescribed temperature or
heat flux may affect the Nusselt number profile con-
siderably if the disk is not very thick.

When the solid conductivity is sufficiently high, the
prescribed heat flux distribution has little effect on
the Nusselt number profile even for moderate disk
thicknesses. This case is shown in Fig. 4 for ¢ = 0.3
and k= 0.005 which corresponds to a water jet
impinging on a brass disk. It is seen that the Nusselt
number for a prescribed constant heat flux is very
close to that for a prescribed increasing heat flux. The
reason is that the radial conduction in the solid phase
is so severe that the dimensionless interface tem-
perature profile is not affected by the prescribed heat
flux profile when & is small. If & is reduced to 0.0001,
corresponding to an air jet impinging on a copper
disk, the difference in the Nusselt number is less than
0.1%. On the other hand, the prescribed temperature
will affect the Nusselt number profile for the same
values of ¢ and k. This is because the interface tem-
perature profile always changes with the prescribed
temperature profile for any value of & if the disk is
not sufficiently thick.
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FIG‘. 4. Result for small k with prescribed heat flux.

The effect of the prescribed temperature profile on
the Nusselt number distribution is shown in Fig. 5
for a moderate disk thickness. The figure indicates
that the Nusselt number profile may be considerably
affected by the prescribed temperature distribution.
Increasing the prescribed temperature with r enhances
the local Nusselt number while decreasing it reduces
the local Nusselt number. The reason is that the inter-
face temperature increases more steeply for a pre-
scribed increasing temperature than it does for a pre-
scribed constant temperature. Consequently, the local
Nusselt number becomes higher for the prescribed
increasing temperature since the steeper increase in
the interface temperature results in a higher local heat
transfer coefficient outside the stagnation region

15 3
Increasing T,
—-— Constant T

— — — Decreasing T,

Pr=10
k =0.005
=03

1.0

8
T
&
~N N’
= =
~ 8
3 5
3 o
= &
A
0.5 1o
— 1 <
-
~—
-~
~
\\
L | 1 | 1 (4]
0 2 4 6 8 10 12

r / To
FiG. 5. Effect of prescribed temperature.
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Nu/Rel/?
Fr = (Toy-Ta)/ {Too—-Tw)

rirg

F1G. 6. Effect of the aspect ratio.

according to the result of ref. [2]. On the other hand,
when the prescribed temperature decreases with r, the
interface temperature increases more slowly than that
for a prescribed constant temperature. Consequently,
the local Nusselt number becomes lower for the pre-
scribed decreasing temperature. The prescribed heat
flux distribution has a similar effect on the local
Nusselt number.

The effect of the aspect ratio, ¢, on the local Nusselt
number profile is shown in Fig. 6 for a prescribed
increasing temperature distribution. It is clear that the
Nusselt number increases as ¢ is reduced towards the
outer edge. This is because small values of £ cor-
respond to thin disks and the effect of a prescribed
temperature on the interface temperature is larger
when the disk is thinner.

In order to examine the effect of the conductivity
ratio, k, on the Nusselt number profile, the Nusselt
number is calculated for different values of k£ and the
results are shown in Fig. 7. It is evident that the Jocal
Nusselt number increases with the value of k. This is
because a larger & represents a smaller solid con-
ductivity. Hence the radial conduction in the solid
phase is smaller so that the interface temperature
increases with r more steeply. Consequently, the local
Nusselt number becomes higher when & is larger.

5. CONCLUSIONS

The conjugate problem associated with laminar free
jet impingement has been solved analytically. The heat
transfer coefficient between the jet and the solid disk
is influenced by the Prandtl number of the fluid, the
ratio of the fluid conductivity to the solid conductivity
and the ratio of the thickness to the radius of the disk
as well as the prescribed temperature or heat flux
profile. For the special case of vanishing &, the present
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15 3

Nu/Re'/?
Fo 2 ATy T )/ {To0- T )

riro

FiG. 7. Effect of the conductivity ratio.

result is in good agreement with the previous result
of ref. [2] in which the temperature or heat flux is
prescribed at the interface. When the solid con-
ductivity is sufficiently high, the prescribed heat flux
has little influence on the Nusselt number distribution
because of high radial conduction. It is found that for
a very thick disk, the effect of the prescribed tem-
perature or heat flux profile on the local heat transter
coefficient is negligible. For a thin disk, on the other
hand, the prescribed temperature or heat flux profile
has a considerable effect on the local heat transfer
coefficient. Increasing the prescribed temperature or
heat flux with r enhances the local Nusselt number
while decreasing the prescribed temperature or heat
flux with r reduces the local Nusselt number. The
results also indicate that the local heat transfer
coefficient becomes higher when & 1s larger.
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TRANSFERT THERMIQUE CONJUGUE ENTRE UN JET LIQUIDE LAMINAIRE
INCIDENT ET UN DISQUE SOLIDE

Résumé—On étudie analytiquement le transfert thermique conjugué entre un jet liquide laminaire incident
et un disque isolé latéralement, avec une distribution arbitraire de température ou de flux donnée sur la
face non frappée. Le nombre de Nusselt dépend localement du nombre de Prandt! Pr du fluide, du rapport
des conductivités du fluide et du solide k, du rapport ¢ de I'épaisseur du disque au rayon, et de la

distribution choisie. Pour un disque épais, par exemple ¢

= 1, la température (ou le flux choisi) a peu

d’effet sur le coefficient local de transfert, mais I’effet est considérable pour un disque mince. Un

accroissement suivant la distance radiale r du flux (ou de la température) augmente le coefficient local de

transfert, alors quune décroissance provoque une diminution. Les résultats montrent aussi que le nombre

de Nusselt local est plus important quand k& est grand, les autres paramétres restant inchangés. Pour une

trés petite valeur de ¢, soit ¢ = 0,001, le résultat est le méme que si la condition 4 la limite était imposée
sur la surface frappée (Int. J. Heat Mass Transfer 32, 1361-1371 (1989)).

WARMEUBERGANG ZWISCHEN EINEM LAMINAR AUFTREFFENDEN
FLUSSIGKEITSSTRAHL UND EINER SCHEIBE

Zusammenfassung—Der Wirmeiibergang zwischen einem laminaren, frei auftreffenden Fliissigkeitsstrahl
und einer seitlich isolierten Scheibe mit einer beliebig aufgeprigten Temperatur- oder Wirmestromdichten-
Verteilung an der Riickseite wird analysiert. Die lokale Nusselt-Zahl zeigt sich dabei abhéingig von der
Prandtl-Zahl der Flissigkeit, vom Verhdltnis k zwischen den Wirmeleitfihigkeiten von Fliissigkeit und
Scheibe, vom Verhéltnis ¢ zwischen Dicke und Radius der Scheibe und der gewéhlten Temperatur- oder
Wirmestromdichten-Verteilung. Fiir eine dicke Scheibe, z. B. & = 1, hat die gewihlte Temperatur- oder
Wirmestromdichten-Verteilung nur einen geringen EinfluB auf den lokalen Wirmeiibergangskoeffizienten.
Fiir eine diinne Scheibe ist der Einfluf} dagegen betrichtlich. Eine Erhhung der Temperatur oder der
Wiirmestromdichte mit dem Abstand r vomr Staupunkt erhoht den lokalen Wirmeiibergangskoeffizenten.
Die Ergebnisse zeigen aullerdem, daf} die Nusselt-Zahl mit steigendem k gréBer wird, wenn alle anderen
Parameter konstant gehalten werden. Fiir sehr kleines ¢, z. B. ¢ = 0,001, ist das Ergebnis im wesentlichen
dasselbe wie in dem Fall, wenn die Randbedingung auf der Vorderseite aufgezwungen wird (Int. J. Heat
Mass Transfer 32, 1361-1371 (1989)).

COITPSKEHHBIY TEIJIOITEPEHOC NP HATEKAHUM JIAMHUHAPHOU CTPYU
XHUAKOCTHU HA TBEP/IBII JUCK

AEBoTaENS-—AHBRIMTHICCKH UCCICAYETCS CONPAKEHHbIN TEILTONEPEHOC MeXy NaMHHAapHO# cBoBOMHO
HaTexalomeil CTpyeli XHIXOCTA H JHCKOM € H30JHPOBaHHOH GOKOBOM MOBEPXHOCTHIO IIPH IPOH3BOJb-
HOM PACpENC/ICHAR TEMIEPAaTyPH ATH TENJIOBOrO MOTOKA HA HEB3AHMOAEHCTBYIOINEH NOBEPXHOCTH.
Haiineno, uro soxanmsHoe wHeno HyccenbTa 3aBacHT oT wMcina Ilpanarns xmagoctd, Pr, OTHOIICHHS
TEIUIONPOBOAROCTEH XHIKOCTH H TBEPAOrO JHCKA, k, OTHOIICHAS TOJMIMHK JUCKA K €I0 PAIHYCY, & a
TaKXe OT 3allaHHOTO pacupe/leNicHAA TEMIEPATYPH MM TeILIOBOro mnotoxa. B ciysae Gonswioi
TOJHIEHKL JUCKA, T.€. APA & = 1, 3a/IaHHbBIC TEMIECPaTYPa WIH TEIIOBOM NOTOK 0KA3LIBAIOT HEIHAYATEb-
HOC BJMAHHE Ha JIOKAILHBIN x03hGANEEHT Tennonepenoca. LIS TOHKOTO MHCKA 3TO BJIBAHHE OKa3bi-
Baercs cymectsennsM. IIpn pocTe 3anamHOlM TeMnepaTypH WM TEILIOBOTO NOTOKA C yBENHMYCHHEM
PaZAaJIbHOrO PACCTOSHHA F OT TOYKH TOPMOXEHHN JIOKAIBHLIN K03(pHIHEHT TEMIONECPEHOCA YBEHIM-
BAETC, B TO BPEMA KAK IPH CHAXCHHH YXA34HHBIX BETHIHH C PACCTOSHHEM ' TPOACXOONT ETO YMEHBIIE-
HEe. PeaynbTaTii Taxke IOKa3HBAIOT, YTO NPH YBEJHYECHHA 3HAYEHHs k JjoxannHoe wHcno Hyccennta
BO3PACTaeT, 3 OCTABHEEC NapAMETPH OCTalOTCA HEH3MECHHBIME. B ciiydae ouenb Majioro 3HaucHms ¢,
ckaxeM, IIpH ¢ = 0.001, Pe3yNbTAT NPHHUMNHATLHO HE OTJIHYACTCH OT JAHHMIX, IOJNYYCHHBIX IIPH HAJO-
CHUM TPAHMMHOrO YCIOBKS HA MOBEPXHOCTH C HATEKAHHEM CTPYH.



