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TRANSIENT HEAT TRANSFER FOR FORCED 

CONVECTION FLOW OVER A FLAT PLATE OF 

APPRECIABLE THERMAL CAPACITY AND CONTAINING 

AN EXPONENTIAL TIME-DEPENDENT HEAT SOURCE 

MOUSTAFA SOLIMAN* and HAROLD A. JOHNSON 

(Received 19 January 1967) 

Abstract-Experimental data and theoretical predictions are presented for the transient mean wall 
temperature of a flat plate of appreciable thermal capacity, heated by an exponential heat source [q. exp 
(t/t,)] and cooled on both sides by a steady, incompressible, forced convection flow with a Prandtl number 
around unity. Within the range of these data, the parameter ZJt,, = L./u&, is a sufficient criterion to 
conclude that: for @28 < Z Jt,, d 2 a turbulent flow solution is in agreement with the data; for 5 d 
ZJt, < 00 the Chambrt solution (slug flow) agrees well with the data; and for 2 c Z&, < 5 a semi- 

empirical correlation is developed which satisfactorily predicts the wall temperature. 
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NOMENCLATURE 

= H &4/K ; 
thickness of the plate ; 
specific heat ; 
= ipPwcwb, half of the ribbon thermal 
capacity ; 
mean heat-transfer coefficient for a 
plate of appreciable thermal capacity ; 
mean heat-transfer coefficient for a 
plate of zero thermal capacity ; 
function related to the incomplete 
gamma function and defined in [7], 
see equation (13); 
thermal conductivity of the fluid; 
length of the plate ; 
initial step in the rate of heat generation 
inside the plate per unit surface area of 
the plate ; 
net heat flux from the wall, see equa- 
tion (5a) ; 
= u, L/v, Reynolds number ; 
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= B2/t,, dimensionless thermal capa- 
city parameter ; 
temperature rise over that at infinity ; 

= [qo &fo)/KI, reference tempera- 
ture ; 
time ; 
period of the exponential heat source ; 
velocity component parallel to the 
wall ; 
velocity component perpendicular to 
the wall ; 
distance along the wall ; 
distance normal to the wall; 
x/u, or = x/u,. 

Greek symbols 
r, incomplete gamma function ; 

% thermal eddy diffusivity ; 

L dummy variable ; 

Y: 
thermal diffusivity of the fluid ; 
dummy variable ; 

V, kinematic viscosity of the fluid ; 

P, density ; 

6, = V/K, Prandtl number; 

43 dimensionless heat source function ; 
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$9 defined in equation (13). 

Subscripts 

Fy’ 
refers to conditions far from the wall ; 
means that the parameter is evaluated 
using the heated length of the plate L ; 

m, refers to an average value over the 
heated length L ; 

m, 0, refers to an average value in case the 
plate is of zero thermal capacity ; 

w, refers to conditions at the wall. 

INTRODUmION 

TRANSIENT convection heat transfer has fre- 
quently been a topic of discussion. In a previous 
paper [l], the authors presented an approxi- 
mate analysis, with experimental data, for the 
transient mean wall temperature of a flat plate 
of appreciable thermal capacity. The plate was 
heated by a step increase in the heat generation 
rate and was cooled on both sides by a steady, 
incompressible, turbulent flow of water with a 
Prandtl number of unity. Theoretical and 
experimental data agreed over a range of 
Reynolds numbers 5 x lo5 < Re, < 2 x 106. 
This paper extends the analysis of [l] to accom- 
modate the condition in which the plate is 
heated by an exponential time-dependent heat 
source [qO exp (t/to)]. The analytical results are 
then compared to experimental data obtained 
with water as the flow medium. 

A survey of the current literature in the area 
of transient forced-convection heat transfer 
can be found in [2]. 

This study is based on the same three 
analytical models used in [l], slug flow, turbu- 
lent boundary-layer flow, and quasi steady-state 
(constant heat-transfer coefficient) models. Each 
of the three analyses is valid in a different range 
that is established after the experimental and 
analytical data are compared and is dependent 
upon the flow velocity and the period of the 
exponential heat source (to). 

ANALYTICAL MODELS 

Slug frow model 
In the slug flow model (Chambrt [4] and 

Johnson and Chambrt [3]), fluid passes tan- 
gentially over the surface of a flat plate with a 
uniform, steady-state velocity distribution. If (1) 
conduction effects in the flow direction are 
ignored, (2) fluid properties are assumed con- 
stant, and (3) viscous dissipation is neglected, 
then the fluid temperature distribution obeys 
the following equation (see Fig. 1) : 

i?T aT a2T, 
~+%~=KayZ 

t > 0, x > 0, y > 0. (1) 

The plate, initially at the ambient fluid tempera- 
ture T, is heated by a uniform internal heat 

*t 

FIG. 1. Physical model and coordinates. 

source per unit of heat-transfer area [qO exp 
(t/t,,)]. The plate has a thermal capacity per unit 
of heat-transfer area H = &Q/2) but negli- 
gible thermal resistance (i.e. at any instant the 
wall temperature is assumed constant over the 
thickness b). Hence, the side conditions are 

T(O,x,y)=O, x>O, y>O; 

T(t, 0, y) = 0, t > 0, y > 0 (2) 

T(t, x, so) = 0, t > 0, x > 0; 

- K $ (4 x, 0) = q. exp Wo) 

- H g (t, x, 0), t > 0, x > 0. (3) 

The system of equations (l-3) was solved by 
ChambrC [3] by means of double Laplace 
transformation methods. Expressions, tables, 
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and charts are given in [4] for the local and 
mean wall temperatures. 

Turbulent boundary-layer model 

The transient energy equation for plain, in- 
compressible, turbulent boundary-layer flow 
over a flat plate is 

aT 
at+u(x’Y)g+v(x,Y)g 

t > 0, x > 0, y > 0. (4) 

In writing equation (4), the diffusion in the 
x-direction and the viscous dissipation have 
been neglected, and the fluid properties are 
assumed constant. As with the slug flow model, 
the plate is assumed to have a thermal capacity 
H and zero thermal resistance. The side condi- 
tions in equation (2) and the first condition in 
equation (3) remain unchanged while the second 
condition in equation (3) may be written as 

lii 
C 
- pc(lc + ca) g 1 = q. exp (t/to) 

- l-E@, x,0), t > 0, x > 0. ay (5) 

Assuming, as in [l] that, (1) the velocity com- 
ponents (u, II) and the eddy diffusivity for heat 
ca are independent of time, (2) the eddy dif- 
fusivity for heat equals the eddy diffusivity for 
momentum, (3) the Prandtl number is unity, 
(4) the shear stress is invariable across the 
boundary layer, and (5) a #h power law exists 
for the velocity profile and a wall shear stress as 
derived from this profile, (see [1, 5]), then 
the transport term is obtained as 

K + + = 0.179 47135 ,,a/35 x-3/35 yW7. 
(6) 

An approximate solution describing the mean 
wall temperature for the above problem, except 
that the plate was heated by a step heat source 
qo, was obtained and tested against experimental 
data given in [l]. This solution was derived by 
first considering a plate of zero thermal capacity 

(H = 0) and then joining the small times solu- 
tion of equation (4) (one dimensional diffusion) 
with the steady-state solution at t = x/u,. 
When this solution was integrated along the 
length of the plate (I.), equations (31) and (32) 
in [l] resulted; they are rearranged here to give 
(a = 1) 

L OK “’ [28*19 (t/Z3o’125 -ijJF = (u$)c)“‘3 
- 2*94(t/ZJ1’2], t < ZL (7) 

(8) 

Equations (7) and (8) will be used to extend the 
solution of [l] to arbitrary time-dependent 
heat sources, of which the exponential function 
is of primary interest. 

1. Case of zero thermal capacity [H = 0 in 
equation (5)] 

Since the energy equation (4) is linear, the 
wall temperature response to an arbitrary time- 
dependent heat source [q(t) = q. &)] can be 
obtained from the step solution of equations 
(7) and (8) by using the Duhamel’s integral, [6]. 
Hence, * 

+ 25.25 +(t - Z,) , t > Z, (10) 

Carrying out the integrals in equations (9) and 
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(10) by parts and substituting &t) = exp(t/to) 
results in (a = 1). 

T 
m,O = ew Wtd * (t/to), 

TR 

T 

t/to < ZJCO 

F = exp (t/to) II/ (t/co = Z&J, 
R 

t/t0 2 &_/CO 

where 

t/to 

I s 28.5 (Z/to)0’0’5 . Z(2.83 Z/t,, - $) 

0 

dZ/to + 26.5 Z(2.83 c/co, - 4) 

and 

[(zJtoy5 - (t/toys] 

xi 8 
i’ c-8 exp(-c)dc 

Z(X, -3) = 
I, 

m . 
The function Z is tabulated in [7]. 

The instantaneous mean heat-transfer coefli- 
cient for a wall of zero thermal capacity h, o(t) 
is defined as the ratio of the heat flux at the &all 
(which is equal to the heat source in this case) 
to the mean wall temperature. The expressions 
for h,, o(t), as obtained from equations (11) and 
(12), are (0 = 1) 

kl, o(t) &to) 1 
K =m c/to < ZJto (1W 

4,. o(t) v’WO) = 1 

K wto = &lto) 
c/to 2 Z&o (124 

In this case, the plate is treated as a lumped 
capacity containing an exponential heat source. 
An energy balance at the wall neglecting con- 
duction in the chordwise direction results in 

4 net. m = go exp (t/t,) - H $. (5a) 

The mean net heat flux from the wall qnst, ,,, may 
also be written as 

4rWl, nt = UQ T, (5b) 

where h, and T, are the mean heat-transfer 
coefficient and wall temperature, respectively, 
for a wall of appreciable thermal capacity. Both 
h, and T, as well as qnct are ~kno~. Elimin- 
ating goat,,, between equations (Sa) and (Sb), 
one gets 

dT, hdt) T = go exp (t/to) 
dt+X- ln H - 

(5c) 

In order to solve equation (5c), it is assumed that 
h,,,(t) = h,,,(t), i.e. the effect of the wall thermal 
capacity on the values of the heat-transfer co- 
efficient is negligible. The same assumption 
was used in [l], and the wall temperatures 
obtained were in good agreement with the 
experimental data. Moreover, this method was 
tested for the slug flow model, in [2], and the 
wall temperatures agreed with ChambrC’s solu- 
tion given in [4-J. These results are not surprising 
if one examines the effect of wall thermal capa- 
city on the heat-transfer coefficient as revealed 
by the experimental data in [lf and as shown 
in Fig. 17. Substitut~g for h=(t) in equation (5~) 
from equations (1 la) and (12a) results in two 
first-order differential equations whose solu- 
tions are (G = 1). 

TJTR = $exp [-etch] ‘fexp [r’,to + ~r~~]dt.ito, t/to G Z.&o (15) 

TJT, = $exp - 00 - Z&o 1 

(JS) 4Wo = Z&o) + Js 
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I(/(+, = Z&o) 
+ [l + (Js, Il/(t/t, = ZJt,)] [ zJto 

(t/to - Z&o) 
- (JS) VW0 = ZJto) ’ 

t/t, 2 Z&o. (16) 

The numerical evaluation of the integrals 
appearing in equations (15) and (16) is time- 
consuming because of the complex form of the 
function I++. As a result computers may be used. 
However, over the range of values of ZJt, 
reported in the experimental data and for 
t/t, > O-5, $ can be approximated by 

26.5 (Z~to)o~07s 
wt,) = (to u2,,KJo.3 I(2.83 tit,, -3). (17) 

The error introduced in TJT, by using the 
above approximate form for $ was found to be 
less than 5 percent [2]. 

Steady-state heat-transfer coe$icient model 
In this case, the plate is again treated as a 

lumped capacity containing an exponential 
heat source, but having a steady-state heat- 
transfer coefficient h, on both sides. The value 
of h, which is used in equation (5~) can be 
written from equation (8) as (a = 1). 

(84 

After integrating equation (5~) and substituting 
for h, from equation (8a), the value for the dimen- 
sionless mean wall temperature is 

EXPERIMENTAL MJMSUREMENTS 

The flat plate is simulated by a thin Deltamax 
(50% nickel, 50 % iron) ribbon, 0*125-in wide 
and 3-in long, and either OGO4-in or 0*014-in 
thick soldered onto heavy terminal brass blocks 
and vertically suspended along the centerline 
of a i by &in test section (see Fig. 2). Energy is 
generated in the ribbon by an electric current 
which is supplied by a set of storage batteries 
and is controlled by a transient power generator 
developed at the Oak Ridge National Labora- 
tory (see [8] and [2]). This generator consists of 
100 thyratron tubes connected in parallel. These 
tubes (i.e. switches), in conjunction with a sweep 
signal generator which is adjustable and which 
triggers the thyratron switches, are scheduled 
to produce a smoothly rising exponential 
function for the power in the plate [q. exp (t/t,)]. 
By changing the value of the sweep time, different 
values for the period of the exponential (to) are 
obtained. The ribbon is cooled on both sides by a 
steady flow of deionized, de-aerated water. 
During most of the tests, the temperature of the 
water in the test section To, which is also the 
initial temperature of the plate, is kept at 
approximately 270°F (the Prandtl number is, 
then, approximately unity), and the pressure of 
the water is maintained at approximately 800 

exp (t/t,) - exp C -0.0396 (to&l40’3 @/to) 

TJT, = (Jmw~o)0'2 I> 
0.0396 (t,u:/~)“‘) (18) 

(JS) + 
(ZJto)0.2 
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L.-__ 3.0in --___ rass electrode A-A 0-B 

k-lOin+ 
0,375 in 

-1 i-0 0625 I” 

The rectangular channel inside 
the test chamber is IO in long 

FIG. 2. Sketch of the flow channel and ribbon mounting arrangement in high pressure visual 
test chambers. 

psia. To prevent boiling on the surface of the 
ribbon, a special device is used to cut off the 
power if the ribbon temperature reaches 420°F 
which is about 100°F below the saturation 
temperature of the circulating water. In the 
present scheme, the ribbon also serves as a 
resistance the~ometer ; ribbon voltage and 
current are measured to determine the mean 
wall temperature and the amount of heat gener- 
ated by the ribbon. The voltages across the 
ribbon and across a precise current shunt are 
both displayed on precision 10 by 10 cm screen 
grids of two Tektronix dual-beam oscilloscopes, 

types 502 and 561A, and photographed by two 
Polaroid oscilloscope cameras. The more pro- 
nounced the deflection recorded on the scope 
screen, the higher the accuracy of the measure- 
ment. Therefore, the small times measurements, 
i.e. when the voltages are relatively small, are 
displayed on the whole screen of one scope, 
whereas the other scope records voltages over 
the entire time interval. In this way, the probable 
error in the mean wall temperature is estimated 
to be 10-S degF, depending on whether the 
time is small or large, respectively. The test 
~nditions are listed in Table I. 

Table 1. Test conditions 

Half the thermal 

Figure 
Thickness capacity of the ribbon Initial step Period of Initial* Velocity 

No. 
of ribbon b ~___I- ) exponential t, temperature T, 

(in) H = t~wc,,b BZ = (H’K/~() (msf (“F) c&i 
(Btu/~‘O~ (msI 

3 0*004 0.01 156 16493 48.5 275 14 
3 OQO4 0.01 156 16600 50.1 271 8 
4 0*004 0.01 15.6 16546 16.4 273 14 
4 OQO4 0.01 15.6 16571 48.7 271 4.2 
5 0*004 0.01 156 16706 52 268 14 
5 OGO4 0.01 15-6 11000 t4g 22.5 4 
6 OGO4 0.01 156 16000 15-2 273 1 
7 0@04 0.01 15.0 15800 506 234 1 
8 0.014 0.035 189 7734 28.2 261 14 
8 0.014 0.035 190 18185 34 267 8 
9 0.014 0.035 189 8537 10.2 261 11 
9 0.014 0035 192 15900 10 276 8 

10 0.014 0.035 189 8790 10 261 4 
10 0.014 W35 192 16180 10 273 1 

* The initial temperature obtained from the transient temperature data was always within 10 deg/F of To (read by thermo- 
coupiej. 
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DISCUSSION OF RESULTS 

Mean wall temperature 
A discussion of the present experimental 

model was given in [l]. The steady-state as well 
as the transient heat-transfer data have demon- 
strated that the flow in the test section (Fig. 2) 
simulates that of a flat plate in turbulent forced 
convection flow in the Reynolds number range 
5 x 10’ < Re, < 2 x 106. The use of the heated 
length of the ribbon L as the characteristic 
length proved satisfactory in [l] and will be 
followed here. Assumptions made in the analyses, 
(1) that the temperature is uniform across the 
thickness of the ribbon, (2) that the longitudinal 
conduction is negligible, and (3) that the heat 
generation is uniform along the ribbon, were 
shown [2] to be realistic for the present experi- 
mental model. 

The test runs listed in Table 1 cover a Reyndlds 
number range of 5 x 10’ < Re, < 2 x 106. 
The periods of the exponential heat source to 
were chosen to be characteristic of prompt 
critical excursions in water moderated reactors. 
The temperaturetime histories of these runs 
are shown in Figs. 3-10 in terms of the dimen- 
sionless parameters ZJ/t,, t, t&/x and S; 
(u, = u,,JO*8), appearing in the turbulent solu- 
tion in equations (15) and (16). All fluid proper- 
ties are evaluated at the initial temperature of 
the fluid. 

Where the heat source rises exponentially, 
as in the present case, there are two factors 
which mainly affect the heat-transfer process 
for a certain thermal capacity of the ribbon BZ 
(note that D z 1). These factors are the flow 
velocity u, and the period of the exponential t,. 
Different combinations of the velocity and the 
period may result in changes in the nature of the 
heat-transfer process. Over the ranges 1 < u, < 
14 ft/s and 5 < t, < 50 ms, the parameter 
ZJto = (L/u&J has been found to be a 
sufficient criterion in establishing ranges where 
the transient mean wall temperature can be 
satisfactorily predicted. 

For small values of ZJt,,, 0.28 < Zr/to < 2, 
and for both wall thermal capacities listed in 

- Experiment 

equuhons (15)Et(l6) 
- - Solution for steady state h, 

Relative time f/t, 

FIG. 3. Mean surface temperature response to an exponential 
rise in heat source (Z,(t, = 0.287,0,5). 

Table 1, the turbulent boundary-layer solution, 
equations (15) and (16), is shown in Figs. 3,4, 8 
and 9 to be in agreement with the experimental 
measurements for the mean wall temperatures. 
In these figures, the discrepancies between the 
turbulent solution and the experiments are, at 
all times, within the limits of probable experi- 
mental error. In this range of Z&,, the velocity 
and the period are usually large. The large 
velocity ensures that a turbulent boundary 
layer over the major portion of the ribbon is 
established. Moreover, the large period allows 
the temperature field to penetrate further in the 
turbulent hydrodynamic boundary layer. Note 
that for times t/t,,, which are comparable to 
ZJt,, the convective cooling wave due to the 
velocity component u influences the entire 
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0 I 2 3 

Relative time t/t, 

FIG. 4. Mean surface temperature response to an exponential 
rise in heat source (2,/t, = 0.855,0,97). 

length of the ribbon. Due to the factors men- 
tioned above it should be expected that the 
Chambrt slug flow solution [3,4] overestimates 
the wall temperatures as exhibited by Figs. 3,4, 
8 and 9. For the same range of ZJto, the steady- 
state heat-transfer coefficient solution, equation 
(18), is found to lie above the turbulent boundary- 
layer solution. It is only shown in Figs. 3 and 8 
to preserve the clarity of the rest of the figures. 
The deviation of this solution from the experi- 
mental data is within 20 degF. Since this solu- 
tion is easier for numerical computations than 
equations (15) and (16), it is recommended for 
applications where a less accurate determination 
of the wall temperature is acceptable. 

For large values of ZJto, 5 6 ZJt, -c co, 
and also for both wall thermal capacities B2 

-Chambrk solutionklug flow) [3] 
------ Present solution (turbulent flow) 

- - - -Solution for steady state h,,equat 

/ 2 3 

Relotwe t!me t/f 

FIG. 5. Mean surface temperature response to an exponential 
rise in heat source (Z,it, = 2.75. 3.34). 

is in agreement with the experimental data as 
shown in Figs. 6, 7 and 10. The differences 
between this solution and the measurements 
are also within the limits of probable experi- 
mental error. In this range of ZJto, both the 
flow velocity and the period are usually small. 
A small velocity indicates that a large portion 
of the hydrodynamic boundary layer is laminar. 
A short period means that the times involved 
are small and, hence, that the convective 
cooling wave, which is due to the velocity 
component u, has travelled only a short distance 
along the wall. These two factors cause the 
heat-transfer process to be more dominated by 
the one-dimensional molecular conduction. 
Consequently, ChambrC solution predicts the 
measured wall temperatures satisfactorily while 

listed in Table 1, the ChambrC slug flow solution both the turbulent flow and constant h, solu- 
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2 

I 2 3 

Relative time t/t n 

FIG. 6. Mean surface temperature response to an exponential 
heat source @Jr, = 14.1). 

tions overest~te the data in Figs. 67 and 10. 
As Z&,, tends to infinity, (when u, + 0), the 
ChambrC solution reduces to the conduction 
solution by Rosenthal and Miller, [8], which was 
in agreement with data taken with a similar 
ribbon mounted vertically in a pool of water. 

For intermediate values of ~J~Ot 

2 < Z,lto < 5, both the turbulent flow and 
quasi-steady-state solutions as well as the 
Chambre solution overestimate the mean wall 
temperature as shown in Figs. 5 and 9. In this 
range of ZJtO, the hot-~ansfer process becomes 
more complex and is not as well defined as in 

Y L J 

Relative time t/t, 

FIG. 7. Mean surface temperature response to an exponential 
heat source (Z,_/t,, = 40). 

the two ranges of ZJto previously discussed. 
A semiempirical correlation, based on the 
quasi-steady-state analysis, i.e. equation (18), 
is developed in the following paragraph for the 
determination of the mean wall temperature. 

After examining the temperature data in this 
range of ZJto to account for the lower tempera- 
tures revealed by the experiments, a new 
reduced value Z/,4, is defined as 

zuto = 040(2Jt,) (19) 

Substituting Z;tt, in place of ZJto in equation 
(18) results in 

exp (t/to) - exp [ - 0.0627 
T,TR = (,,‘S) + 0,062,‘~~~~~~} ' 

0 

cm 
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- Experiment 
- -.- Chambre solution (slug flow) [3] 
----- Present solution(turbulent flow), 

equations (15)8(16) 
---Solution for steady store h,, 

equation (IS) / 

o, n Are two runs at the same 
conditions 

Relative time t/t, 

(a) 

6 

- Experiment 
-.-.- Chambrb solution(slug flow) [3] 

3. ------ Present solution(turbulent flow), 

equations(l5)8(16) c---- 
---Solution for steady state h,. equation (18) 
---. -Empirical correlation, equa 

2,/t, =L/u, t, = I.98 

I 
0. ’ 2 3 4 5 

Relative time t/t, 

FIG. 8. Mean surface temperature response to an exponential 

heat source (Z,/tO = 0.5, 0.7 I). 

Comparisons with the measured wall tempera- 
tures, demonstrate that equation (20) can satis- 
factorily predict the experimental data in the 
range 2 < ZJto < 5 and for both values of the 
wall thermal capacities listed in Table 1. Some 
typical comparisons are shown in Figs. 5 and 9. 

Mean heat-transfer coeficient 
The mean heat-transfer coef’ficient as defined 

in equations (5a) and (5b) is shown in Fig. 11 
where T, and (aTJ&) are obtained from the 
measured temperature-time history. The test 
conditions shown in this figure are those of the 
thick ribbon and the highest flow velocity and 
period. For similar conditions except for a step 
heat source, h,, as revealed by experiments and 
ChambrC solution, was shown [l] to dip to a 
minimum before reaching the steady state. This 
dip was caused by the conjunction of a large wall 
thermal capacity and a sufficiently high flow 
velocity ; it occurred at times t > L/u,. However, 

FIG. 9. Mean surface temperature response to an exponential 

heat source (Z,/t, = 1.98, 2.5) 

the values of h, shown in Fig. 11 do not exhibit 
any minimum. In view of equation (5a) and the 
explanation given in [l, 21, a minimum in h, 
would be expected, in the present case, at times 
t/t, > ZJt,, provided that the capacity term 
H(aTJat) is still significant. However, at these 
times the influence of the initial step q0 has 
diminished and the capacity term is becoming 
smaller in comparison with the continuously 
rising source term. It is anticipated that for 
higher velocities and larger wall thermal capaci- 
ties than those used in the present tests a mini- 
mum in h, might be observed. This was revealed 
by examining h as predicted by Chambre 
solution (see [2]). The theoretical values of h, 
obtained from the turbulent flow analysis, 
equations (1 la) and (12a), are shown in Fig. 11 
to be in agreement with the experimental h,. Re- 
calling that equations (1 la) and (12a) are those 
of a wall of zero thermal capacity, it is feasible 
to conclude that the effect of the wall thermal 
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-Experiment 

Relative time t/t 

FIG. 10. Mean surface temperature response to an ex- 
ponential heat-source (ZJt, = 5,20). 

capacity on h, is insignificant over the range of 
conditions covered in the present tests. 
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Rbumb-On prCsente les risultats exfirimentaux et les pr6visions theoriques pour la temp&ature moyenne 
en rkgime transitoire de la paroi d’une plaque plane dont la capacitb thermique est apprbciable. Cette 
plaque est chauffk par une source de chaleur variant ex~nentiellement avec le temps (qO exp (t/f~)) et 
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refroidie des deux c&es par un tcoulement de convection forcee, permanent et incompressible avec un 
nombre de Prandtl voisin de I’unite. 

Dans la gamme de ces rtsultats, le paramttre ZJtc = L/at,, est un crittre suffisant pour conclure que: 
lorsque 0,28 6 Z&, < 2, une solution avec 6coulement turbulent est en accord avec les resultats; est 
en bon accord avec les r&hats; et lorsque 2 < .ZJta < 5, on montre qu’une relation semi-empirique 

predit la temperature pa&tale d’une facon satisfaisante. 

Zuaammenfaaaung-Versuchsdaten und theoretische Berechnungen sind angegeben fiir die instationlre 
mittlere Wandtemperatur einer ebenen Platte grijsserer Warmekapazitlt, die von einer exponentiell 
wirkenden Wlrmequelle (q. exp (r/to)) beheizt und auf beiden Seiten van einer steten, inkompressiblen 
Zwangsstromung mit einer Prandtlzahl urn 1 gekiihlt wird. Im untersuchten Bereich stelh der Parameter 
ZL/io = L/z& ein austeichendes Kriterium dar fiir folgende SchiussfoIge~ngen: fiir 0,28 < &jr, < 2 
weist eine Lijsung Wr turbulente St&mung gute ~~reinstimmung mit den Werten auf: fiir 2 < Z,jr, < r 
stimmt die Chambre-Losung (slug Stromung) gut mit den Werten iiberein und fur 2 < Z,/iO < 5 wurde 

eine halbempirische Korrelation entwickelt, die zufriedenstellend die Wandtemperatur wiedergibt. 

AEEOTS~sr-npeRCTaBneHbI 3KCiIepHMeHTaJIbHUe II TeOpeTHYeCKMe pe3yJIbTaTbi ,IJJIff He- 

cTaskv38apHol TemnepaTypbt noBepxHocTH nnocrro# nzacww ~8 maTepwana c 6onbmoR 
Te~~oe~KocTb~, HarpeBae~o~ ~~C~oHeH~~a~b~~~~ Kc~oq~n~o~ Terma Bwa q0 exp (t/lo) 

5% OX~a~~ae~O~ C o6eKx CTOPOH CTa~KOHapH~M HeC~K~ae~~~ nOTOKO% B~Hy~~eHKO~ 

KOHBeKI&HEI npuYacxax ~P~HAT~R,~JI~~~KIIxC~RYIHM~~. B naKHoM sccnefiosawm, napameTp 
LL/fO = L/u to RBJIReTCR HpaTepHeM ~JIR TOrO, YTO6bl CHeJIaTb CJIeiJylOlLWe BbIBOAbt: IIpK 

0,28 < ZL/~O < 2 pemewIe gnfl Typ6yJIeHTHOrO TeveHm COrnacyeTcR C 3KCrIepHMeHTaJIb- 

IiblMM &aHHhlMM; llpn 2 Q .%/to C to pemeHtle maM6pe (nonayqee Teqewe) xop01110 
COFJIaCyeTCR C 3KCllepMMeHTaJibIf~MM AaHHEJMH; ~nrr 2 -C ZL/to < 5 npe~nomeuo nony- 
3M~KpK~eCKOe COOTHO~eHKe, RamlUee Y~OB~eTBOp~Te~bH~e pe3yJibTaTH RJfS TeM~epaTyp~ 

CTeHKH. 


