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Abstract-The total heat input for transient natural convection experiments in vertical parallel plates with 
a rectangular rib is composed of four kinds of heat-transfer mode--radiative heat loss, conductive heat 
loss, thermal capacity of the test plate, and convective heat transfer in the test channel. Based on this model 
for measuring transient heat distributions, a dimensionless transient convective heat flux is defined, and 
two generalized correlations of transient convective heat flux are proposed--one for the power-on transient 
period and one for the power-off transient period. In addition, by using these acquired q,” distributions 
with the proposed Nu correlations, transient average Nusselt numbers in the transient power-on and power- 
off periods have been successfully estimated. Satisfactory comparisons have been made between the 

transient ?i& predictions and experimental data. 

INTRODUCTION 

IN A TYPICAL electronic package, printed circuit 
boards (PCBs) are normally mounted in a card cage 
to form vertical parallel channels. This geometry lends 
itself to cooling by natural convection. As we know, 
packaging constraints and electronic considerations, 
as well as device or system operating modes, lead to 
a wide variety of heat dissipation profiles along the 
channel walls. In many cases of interest, four kinds of 
thermal wall conditions (i.e. two symmetric iso- 
thermal plates, a single isothermal plate and an 
insulated plate, two symmetric isoflux plates, and a 
single isoflux plate and an insulated plate) are pro- 
posed to yield approximate conditions in the pre- 
diction of the thermal performance of such con- 
figurations [ 1,2]. 

In practice, identical flat pack electronic com- 
ponents mounted on multilayer PCBs with thin 
copper strips, copper pads or aluminium heat sink 
plates are often placed next to one another. When 
each component dissipates approximately the same 
amount of power, the heat load will be a uniform 
isoflux heat profile. If any row of electronic com- 
ponents is considered, the heat dissipation can be 
evaluated as a uniformly distributed isoflux heating, 
and this row of electronic components can properly be 
simulated by a large two-dimensional rib with isoflux 
heating. Therefore, compared with a smooth isoflux 
heating plate, a plate mounted with parallel vertical 
ribs under isoflux heating is a more reasonable rep- 
resentation of the real geometric configuration and 
the heating condition of PCBs. 

Although the effect of SIB, where S is the 
streamwise pitch between two adjacent ribs (measured 

ccntreline to centreline) and B is the rib height, on 

flow characteristics and heat transfer performance in 
such configurations is significant, natural convection 
in vertical parallel plates mounted with an array of 
ribs under isoflux heating is very complicated. There- 

fore, as a bridge to this kind of complex problem, it 
is recognized as useful and valuable to perform a 
preliminary study of natural convection on a regularly 
ribbed obstruction mounted on a vertical plate with 
isoflux heating. 

Steady-state natural convection in vertical channels 
with or without a rectangular rib has been studied 

extensively in refs. [3-51. As for transient cases, 
although transient convective heat transfer par- 
ameters such as heat transfer coefficient and Nusselt 
number are essential in exploring the transient be- 
haviour of thermal systems, no information on tran- 
sient heat transfer parameters is to be found in the 
existing literature. For this reason, in the existing ther- 
mal analysis computer packages, the steady-state heat 
transfer parameters are usually chosen and applied to 
estimate the transient behaviour during a transient 
period-i.e. a quasi-steady assumption is made for 
a certain short-time interval in the transient period. 
However, it is not known whether a transient heat 
transfer parameter can be considered to be a sequence 
of steady-state heat transfer coefficients. The transient 
convective heat dissipation in the test channel is a key 
parameter for determining the transient heat transfer 
coefficient and Nusselt number. In order to address 
the above issue and achieve further understanding 
about transient heat transfer behaviour, the objectives 
for the present research are to establish an effective 
model for measuring transient convective heat flux 
between vertical parallel plates with a two-dimen- 
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NOMENCLATURE 

B rib height 

CP specific heat at constant pressure 

9 gravitational acceleration [m s-2] 
Ii average heat transfer coefficient 

[wm -2 OC-‘I 
H channel spacing 
k thermal conductivity [w m-’ ‘C-‘1 
L channel height, defined in Fig. 3 - 
NuL transient average Nusselt number, 

q:‘Llk( r, - To) 
Q heat flow rate [w] 

q” heat flux based on test-surface area 

[w me21 
Rar modified Rayleigh number, 

C,p2&&‘L41@2 
T temperature [“Cl 
t time [min]. 

Greek symbols 
p thermal expansion coefficient [K-‘1 

& emissivity 

P dynamic viscosity [kg m-’ s-l] 
V kinematic viscosity, p/p [m’ s-‘1 

P density [kg m-‘1. 

Superscript 
- average 

Subscripts 
b balsa 
C transient convective value 
cs steady-state convective value 
i internal energy change 
k conduction 
L based on channel length 
r radiation 
S stainless-steel sheet 
t total 
W at test surface 
0 at channel inlet or the ambient. 

sional rectangular rib, and then to determine whether, 
in the thermal analysis under transient conditions, it 
is appropriate to use a steady-state Nusselt number 
based on the instantaneous value of the Rayleigh 
number (i.e. the ‘quasi-steady’ approximation). The 
relationship between the steady-state Nusselt number 
and steady-state Rayleigh number was established 
experimentally in ref. [5]. Transient Nusselt numbers 
are measured under conditions of varying heat flux. 
Since the heat flux is varying, so also is the Rayleigh 
number. Then it is seen whether the transient Nusselt 
number at a given point in time, which corresponds 
to a given Rayleigh number, is equal to the steady- 
state Nusselt number corresponding to that Rayleigh 
number. 

couples are glued to it at various locations for 
temperature measurement. Thus, the local tem- 
perature distribution along the test surface, including 
the extruding element, is accurately measured. The air 
temperatures at the inlet and outlet of the test channej 
are each measured by two T-type thermocouples. The 
temperature differences measured by the thermo- 
couples at the inlet and outlet are consistently 
small. 

Two O-140 V transformers supply power to the 
heaters, making the input power changeable. A pre- 
cision digital multimeter (Omega Model-882) is util- 
ized to calibrate the voltage of each transformer. The 

EXPERIMENTAL APPARATUS AND 

METHODOLOGY 

Experimental apparatus 
Figure 1 shows the overall experimental assembly, 

which consists of the entire apparatus and main 
instruments. The measurements for the present exper- 
iments are performed in a low-turbulence open-loop 
wind tunnel, which is designed to be used for natural, 
forced and mixed convection tests. The wind tunnel 
facility is used in a buoyancy-assisting flow condition. 
As for the test plate in the experiment, its schematic 
is also shown in Fig. 2. The detailed descriptions for 
the wind tunnel facility and test plate have been 
reported in ref. [5]. 

As previously described in ref. [5], the test plate has 
one 543 n and one 548 0 resistive element embedded 
in it for heating, and 78 T-type calibrated thermo- 

A nozzle J video comem 
B test section K video recorder Bmooitor 
c bulfer zme L Fluke 2280 B doto lager 
D cover plate M IBM PC-XT Computer 
E flexible tube N Apouo corwuter 
F blower 0 Epson LO-2500 printer 

G tmnsformor P active PM-tube supporter 

H digit01 multimeter 0 Dwyer microtector 

I Smc& generotor R Owyer oir meter 

FIG. 1. Schematic of experimental air-cooling loop. 
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Unit : mm 

FIG. 2. Schematic of test-plate assembly. 

channel spacing between the test plate and an adia- 
batic shrouding plate is measured by a 30+0.05 cm 
precision ruler. Both the horizontal and the vertical 
test plates are calibrated by a water level. 

The experiments are controlled and the data are 
acquired automatically, using a FLUKE-2280B data 
logging system interfaced to PC-AT based peri- 
pherals. The interface between the computer and the 
test plate is a 2280 Digital Acquisition and Control 
Unit. The unit has 160 channels of scannable ther- 
mally-compensated relays, which are connected to the 
thermocouples. The data logging system records the 
local temperature distributions of the test plate during 
the experiments. 

Data reduction 
In this study, transient natural convection exper- 

iments for vertical parallel plates with a two-dimen- 
sional rectangular rib were performed. According to 
the energy conservation concept, it may be proposed 
that the total heat generated by the thermofoil heaters, 
Qt, is converted into the following four heat-transfer 
modes at any transient time : (1) radiative heat loss, 
Qr ; (2) conductive heat loss, Qk ; (3) internal-energy 
change of the test plate, Qi ; (4) convective heat dis- 
sipation in the test channel, Qc. That is 

or 

Qt=Qr+Qk+Qi+Qc (1) 

4 = qy+q;+qY+qy (2) 

(based on the test-surface area A). 
The following are brief descriptions of the models 

which are proposed to calculate the transient heat 
distributions. 

Estimation of radiative heat loss. During the tran- 
sient experiments, the average temperature of the test 
surface (AISI304 surface) is usually higher than the 
ambient and shrouding wall temperatures. Thus, for 
radiation exchange, there is a net radiative heat trans- 
ferred from the test surface to the surroundings. 

KHT 32/S-~ 

The radiative heat loss from the test surface to its 
surroundings is evaluated by using a thermal network 
analysis. Figure 3(a) presents the numbering and sub- 
script conventions of the analyzing system, and the 
thermal network of radiative heat transfer relations 
among the relevant nodes is shown in Fig. 3(b). The 
shape factor F_ shown in the figure can be calculated 
from ref. [7j. In the present study, the radiative heat 
loss is less than 6.55% of the total input power for all 
cases. 

Estimation of conductive heat loss. To estimate the 
conductive heat loss from the heater to the fibreglass 
backplate, a quasi-steady approximation for transient 
conductive heat loss is assumed. Therefore, a three- 
dimensional heat conduction analysis with suitable 
boundary conditions is performed in the present 
study. The detailed derivation of temperature dis- 
tributions in an infinite Fourier-series form are shown 
in ref. [6]; the final expression for the temperature 
distributions is as follows : 

e, Y, 4 = T, (x9 Y, 4 - T&G y, 4 (3) 

where T, is the temperature of a surface heated uni- 
formly with a heat flux of q[ (Fig. 4(a)), T2 is the 
temperature of the centre part heated by a heat flux 
of -qr, with the rest of the surface insulated (Fig. 

4(b)), and 

Ti(x,Y,z) = A&-Cf+Wh)l 

+ ‘f A,, cos (nnx/x,)[cz~ cash a.(.~-f) 
n-1 

- Wd sinh a& -f)l 

+ i A,cos(mlly/y,)[B,coshB,(z-f) 
m-l 

- Wd sinh B&--f)1 

+ f f A, cos (nnx/xU) cos (mzy/y,) 
n-l m--l 

x [A, cash &,,,(z -f) - (h/k,) 

x sinh &,,(z-j’)] 

where 

j=lor2 

a, = n7zIx, 

(4) 

IL = m4yu 

I, = (a.’ + j?#Q”’ 

AOO = -(&‘/ktJ(%/%)(dj/YJ 

2d sin tnWxu)(4/yu) 
Ano = mrkba,[a, sinh (aJ) + (h/k,) cash (a,,f)] 

24’ sin (mnd,/~,)(c,lx,) 
A Om = mnk4L UL sinh (IL, f) + (h/k,) wsh GL_f)1 

W si~3 W,/xd sin (rmrd//uu) 
Am = mnx*M&,,,,, sinh (&,,,f) + (h/k,,) cash (&,J’)] 
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FIG. 3. Radiation heat exchange in test channel. 

where cj represents half of the height of the heated 
plates and d half the width ; f is the thickness of the 
balsa plate and h an equivalent heat transfer 
coefficient. In the present experiments, kb = 0.04032 
W m-l ‘C-l k = 0.175 W m-’ ’ C-’ (the detailed 
methods of mea&ing kb and k, are described in ref. 

[61), CI = x,=0.1325m,d,=y,=0.19m,c~=0.02 
m, d, = 0.19 m andf = 0.01 m. 

The theoretical temperature distributions could be 
solved directly if q: and h were known. However, q; 
(the conductive heat flux) is unknown, so the solution 
may not be directly applied in the experiments. On the 
other hand, the main objective of a detailed analysis is 
the estimation of this heat flux or conductive heat loss. 
However, two difficult problems exist in estimating 
the transient conductive heat loss in the present exper- 
iments. One is the determination of the equivalent heat 
transfer coefficient, h in equation (4). The other is that 
the real heat flux q: conducted to the balsa wood is 
an unknown quantity in the experiment. In the analy- 
sis, an equivalent heat transfer coefficient is plausibly 
proposed as the value of k&t,, where k, and tP are the 

BALSA 

IllI BALSA 

FIG. 4. Superposition technique employed in analysis of 
conductive heat loss. 

conductivity and thickness of the fibreglass board, 
respectively. 

Since qr is an implicit parameter, it cannot be cal- 
culated directly. Therefore, an iteration method is 
applied to solve for qg; the iteration process will be 
continued until the local calculated temperatures on 
both sides of the balsa wood plate approximately 
equal the experimental data (i.e. within &-O.OOSC). 

Estimation of internal energy change. In the present 
analysis, an experimental method for estimating the 
internal energy change of the test plate during the 
transient power-on and power-off periods is postu- 
lated. The expression for the internal energy change 
at a certain time during the transient period is 

or 

Qi = Qs+Qb (5) 

where QS and Qb represent the internal energy changes 
in the stainless steel sheet and the balsa wood, respec- 
tively, pC,V is the heat capacity of each material, F$ 
the average temperature of the SS304 sheet, Fs the 
average temperature of the balsa wood, and At the 
time interval. 

As we know from equation (6) the heat capacities 
of SS304 sheet and balsa wood used in the experiments 
should be determined before starting the Qi calcu- 
lations. The detailed procedure for the experimental 
determination of these data can be found in ref. [6]. 
In addition, the term AT/At in equation (6) may be 
approximated by (q+ , - q)/At and calculated with 
the transient experimental data. Here, Fj+ 1 is the aver- 
age temperature of the SS304 sheet or balsa wood at 
time t = (j+ 1)At from the starting time to perform the 
power-on or power-off transient experiment. Based on 
the above calculations, the transient internal energy 
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ttmin) 

FIG. 5. Effect of steady-state convective heat flux on transient 
qr/qg distribution in power-on period. 

change of the test plate is estimated to a reasonable 
accuracy. 

Estimation of convective heatflux in the test channel. 
The determination of experimental transient heat 
transfer coefficients and Nusselt numbers is strongly 
dependent on transient convective heat flux in the test 
channel-therefore the transient convective heat flux 
requires a precise data reduction in the present exper- 
iments. Based on energy conservation, the convective 
heat flux in the test channel, qy, is precisely obtained 
from equation (1). 

Uncertainty analysis 
A standard single-sample uncertainty analysis pro- 

posed by Kline and McClintock [8] is applied to 
the experimental data reduction. Thus, temperature 
measurements in the present experiments are accurate 
to +0.2”C; the uncertainty associated with power 
input;’ is determined to be 0.25%, and those of Ra* 
and Nu in the ranges of the parameters studied (i.e. 
H/B = 2-8 and q: = 41.32-269.35 W m-‘) are 
generally within 6.24 and 4.54%, respectively, except 
in the cases with very small H and qr values in the 
beginning of the power-on transient period or at the 
end of the power-off transient period. 

t IminI tlminl 

FIG. 6. Effect of channel spacing on the transient qF/qf: FIG. 7. Transient %;, distribution for cases with various qg 
distribution in the power-on period values in the power-on period. 

EXPERIMENTAL RESULTS AND 
DISCUSSION 

The parameters studied in a series of experiments 
are channel spacings between 4 and 16 cm (i.e. H/B = 
2-8), and steady-state convective heat fluxes ranging 
from 41.32 to 269.35 W m-‘. Twenty data sets with 
various channel spacings and convective heat fluxes 
are presented in the experiments. The cases with H = 
16 cm (i.e. H/B = 8) can reasonably be considered 
as the same as the isolated-plate cases in natural 
convection. 

From temperature measurements, the maximum 
deviations of the local spanwise temperature measure- 
ments in three columns of the test surface for all 
transient experiments are less than 5.6%. Therefore, 
the two-dimensionality of all experimental results is 
assured in the power-on and power-off periods. 

Before the experimental results in the steady-state 
condition are displayed, it is necessary to choose the 
steady state of each experiment. Usually, the steady- 
state condition is considered to be achieved when the 
qz variation with time is less than 1 .O% of the previous 
q:1 value in each experiment. In general, the steady- 
state condition will be achieved about 150-180 min 
after the power is switched on. 

Power-on transient period 
Figures 5 and 6 show the variation of transient 

convective heat flux in the test channel with steady- 
state convective heat flux and channel spacing, respec- 
tively. Based on the results shown in the figures, tran- 
sient convective heat flux at a certain time may be 
nondimensionalized by the convective heat flux in the 
steady state of each experiment, and a generalized 
correlation in an exponential form is then proposed: 

c = 1 _e-o.ofJ1 
4: 

(7) 

where qc is the net heat flux convected to air in the 
channel at time t in the power-on transient period, 
qg is the steady-state heat flux convected to the air in 
the channel for each experiment and t the time elapsed 
since the power was on, expressed in minutes. 

Figures 7 and 8 present the variation of average 
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175.10 --- 
173.25 ---- 
169.81 -+- 
170.38 -+*- 

tf min) 

FIG. 8. Transient GL distribution for cases with various H/B 
values in the power-on period. 

Nusselt numbers in the power-on transient period 
with q: and H/B, respectively. One inference to be 
drawn from these figures is that the transient average 
Nusselt number increases with increasing qz. Another 
important inference is that the channel spacing in the 
present experiments has no effect on average Nusselt 
number at any time in the transient period. This sur- 
prising result can be demonstrated through flow visu- 
alization and experimental measurements-even in 
the experiments with the narrowest channel spacing, 
i.e. H = 4.0 cm or H/B = 2, the boundary layer 
produced along the test surface is so thin that there is 
no interaction between the insulated shrouding plate 
and the boundary layer. Therefore, the channel 
spacings studied in the present experiments have no 
effect on heat transfer behaviour. 

Figure 9 shows the relationships between the 
average Nusselt numbers and the modified Rayleigh 
numbers for all experimental steady-state results, as 
discussed in ref. [S]. The aL correlation derived from 
ref. [3] and illustrated to be applicable only in the 
experiments with low convective heat flux (say 
Rat < 10’) is also shown in the figure. This correlation 
can be expressed as 

G, = 0.649Rat’1s. (8) 

When the convective heat flux increases, the tur- 
bulence originating in the downstream region of the 
rib becomes stronger. Thus, a new asymptotic limit 

q&l m2w ti2N269.35Wm-* 

Log(Rol+) 

FIG. 9. Relationships between Nu, and Rat in the steady- 
state experiments. 

a2 

0.0 k--l 10 20 30 w) 50 60 

tfmin) 

FIG. 10. Comparison of transient qi’/qA: distribution8 
between cases with and without a rib in the power-on period. 

with a 0.316 power dependence (a value between l/5 
and l/3) of the average Nusselt number on the modi- 
fied Rayleigh number is proposed as follows : 

NuL = 0.0617Raf0.3’6 

where 

Nu, = q::L/k( T, - To) 

and 

RaZ = Cpp2pgq;L4/pk2. 

Both correlations are plotted in Fig. 9 for com- 
parison with experimental results. All thermophysical - 
properties appearing in NuL and RajJ are evaluated at 
the film temperature, i.e. O.S(i’,+ T,,). In the exper- 
imental Raf ranges between 3.75 x IO* and 1.93 x 109, 
the average deviation of the predictions obtained from 
equation (8) compared to the present experimental 
data is 7.45%, with a maximum deviation of 11.59% ; 
whereas the average deviation of the predictions 
obtained from equation (9) from the experimental 
data is 1.20%, with a maximum deviation of 3.43%. 

If the transient Nu, distributions may be considered 
as a superposition of a series of quasi-steady states, 
then the distributions will be calculated by using equa- 
tion (9) with transient qi’ distributions proposed in 
equation (7) ; all thermophysical properties appearing 
in NuL and Ra2 are evaluated at the transient film 
temperature, i.e. 0.5(Fw,,+x0). Comparisons between 
the predicted transient Nut distributions and the 
present experimental data are also made, and are 
shown in Figs. 7 and 8. A satisfactory trend is obtained 
in the present study. 

As compared with the transient qL’/qg distribution 
for a smooth channel without a rib, which was pre- 
sented by Perng [9], it is plausibly found that the time 
needed to reach the steady-state conditions for the 
present cases is usually longer, because of the existence 
of the ribbed obstruction (Fig. 10). 



A model for convection in ribbed plates 

t(min) 

FIG. 1 I. Effect of steady-state convective heat flux on the 
transient qc/q:: distribution in the power-off period. 

Power-offperiod 
In the present experiments, the steady-state con- 

dition will be achieved about 60 min after the power 
is turned on, and is then maintained for 2 h to perform 
the steady-state experiments. After completing the 
steady-state measurements, the power-off transient 
period will start once the power is turned off. 

As mentioned in connection with the power-on 
transient period, a dimensionless transient convective 
heat flux of q:/qg is also defined in the power-off 
transient period. Thus, Figs. 11 and 12 show, respec- 
tively, the q: and H effects on the transient qr/qf 
distribution. Based on the present experimental data, 
a similar generalized qc/qg correlation is proposed as 
follows : 

,I 
4c 
-_=e 

-0.121 

4:: 

(10) 

where q6 is the transient convective heat flux from the 
test surface in the power-off transient period, qz the 
convective heat flux in the steady-state condition of 
each experiment and t the elapsed time in the power- 
off transient period (min). - 

If the transient Nu, distributions in the power-off 

timin) t( min) 

FIG. 12. Effect of channel spacing on the transient qr/qz FIG. 14. Transient NilL distribution for cases with various 
distribution in the power-off period. H/B values in the power-off period. 

61.32 - 
97.n -.- 

1x3.25 -*-- 
217.90 -+- 
265.66 -++- 

. . __ . . _ . __.._.,,..___....._....................~...._........ -.._ _ ,_ ._ -. 

^, ._,,___...,......._....,.................... - ..- 

..* .._..........,._............ 

t lmin) 
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I 

FIG. 13. Transient %, distribution for cases with various qg 
values in the power-off period. 

period may also be considered as superpositions of 
a series of quasi-steady states, then the distributions 
will be calculated by using equation (9) with the tran- 
sient q: distributions proposed in equation (10) ; all 
thermophysical properties appearing in %& and RaZ 
are evaluated at the transient film temperature, i.e. 
0.5(r,,,1,,+ To). Comparisons between the predicted 
variations of transient & distributions with values 
of qz and H/B and the present experimental data 
are also made, and are shown in Figs. 13 and 14, 
respectively. Overall, a satisfactory trend is found in 
the present study, although a larger deviation occurs 
for time t >, 30 min. This deviation is due to the larger 
uncertainty caused by the very small temperature 
difference measurements after t > 30 min. 

As compared with the transient q:/qz distribution 
for a smooth channel without a rectangular rib, which 
was presented by Pemg [9], it is plausibly found that 
the decay of the transient qz distribution is slower in 
the present experiments, because of the existence of 
the ribbed obstruction (Fig. 15). 
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t Imin) 

FIG. 15. Comparison of transient qz/qf: distributions be- 
tween cases with and without a rib in the power-off period. 

CONCLUSIONS 

A series of systematic experiments for measuring 
transient natural convective heat fluxes in vertical 
parallel plates with a rectangular rib have been per- 
formed. Based on the present studies, the following 
conclusions may be drawn. 

(1) A model to estimate transient heat distributions 
in the power-on and power-off periods-including the 
conductive heat loss, radiative heat loss, internal 
energy change of the test plate and convective heat 
transfer in the test channel-has been established. 

(2) Two generalized correlations for estimating 
transient convective heat flux in both power-on and 
power-off periods are proposed. By using the pro- 

posed q:’ distributions, satisfactory agreements are 
achieved between the transient ??t& predictions and 
experimental data. 

(3) As compared with the correlations proposed for 
the cases of smooth plates without a ribbed obstruc- 
tion, reasonable trends of transient qg/qLi dis- 
tributions with larger time constants are found in the 

present experiments. 
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UN MODELE EFFICACE POUR MESURER LE FLUX THERMIQUE EN CONVECTION 
NATURELLE VARIABLE ENTRE DES PLAQUES PARALLELES VERTICALES AVEC UN 

RUBAN RECTANGULAIRE 

R&um&L.e transfert total de chaleur par convection naturelle variable dans des plaques paralleles 
verticales resulte de quatre mecanismes de transfert : pertes radiatives, pertes conductives, capacite ther- 
mique de la plaque de mesure et transfert convectif dans le fluide. A partir de ce meddle pour mesurer les 
distributions variables du transfer& on dtfinit un flux thermique convectif variable sans dimension et on 
propose deux fommles g&n&ales du flux thermique convection variable pour les p&iodes de stockage et 
de destockage. De plus, en utilisant les distributions obtenues avec des formules, on estime correctement 
les nombres de Nusselt moyens dans chyue p&iode de r&me variable. Des comparaisons sont faites entre 

les calculs du NuL variable et les donndes expkimentales. 
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EIN MODELL ZUR MESSUNG DES INSTATIONAREN WARMESTROMS BEI 
NATURLICHER KONVEKTION ZWISCHEN SENKRECHTEN PARALLELEN 

PLATTEN MIT EINER RECHTECKRIPPE 

Znaannnenfaasung-Die Wlrmeleistung, die hei einem Experiment zur Untersuchung der instationiiren 
natiirlichen Konvektion zwischen senkrechten parallelen Platten mit einer Rechteckrippe abgeftihrt wird, 
hesteht aus vier Anteilen : Strahhmgsverluste. Leitungsverluste, in der Anordnung gespeicherter W&me und 
schlieBlich der konvektiven Warmeabgabe im Kanal. Fiir diese Anordnung zur Messung der instationiren 
Wiirmeverteilung wird ein dimensionsloser instationarer konvektiver Warmestrom definiert. Dazu werden 
zwei allgemeine Gleichungen fiir den instationlren konvektiven Wlrmestrom vorgeschlagen, eine fur den 
Zeitraum mit eingeschalteter Heizung und eine fur die Zeit ohne Heizung. Zusatzlich werden mit Hilfe der 
zeitabhlngigen Wiirmeleistung und den vorgeschlagen Nusselt-Zahlen zeitliche Mittelwerte der Nusselt- 
Zahl wlhrend der Zeitriiume mit und ohne Heizung erfolgreich abgeschltzt. Der Vergleich 
zwischen gemessenen und herechneten instationlren Nusselt-Zahlen liefert eine hefriedigende Uherein- 

stimmung. 

30@EKTHBHA5I MOREJIb JIJIJI H3MEPEHMEI HECTAI@iOHAPHOT’O 
ECTECTBEHHOKOHBEKTHBHOFO HOTOKA TEHJIA B BEPTHKAJIbHbIX 

HAPAJIJIEJIbHbIX HJIACTHHAX C HP5IMOYI”OJIbHbIM PE6POM 

UyMMaprias T~MOT~, ~OABO~ B x3nepnrb4ewaX no 6CcneAoBam~ ~ec~amronap~oil 
ecrecrnemroa LOHnexrnni B -nbIx napaJL!teJtbribLx nnacrsinax c npaMoyroJrbnbrM pe6poq 
BxJno¶aer Perbrpe nma IIOTepb Tenna: panriannomrsre, romryxrnnirbre, renJmeMxocrb uccnenyeMol 
MacrHHblHKOHBeLTHB~TeMOUepeHOcB3CcnepaMe~~bHOMK~~e. Ha OCHOlUAalItlOiiMOAWIA 
QnaE3Me~HHnH~~OAapHbor~~A~C~TennoT~O~A~~~~6M~M~~HecTaqsOAap 

HbIii XOHBeXTEBHbIfi TeMOBOii IIOTOL A UpCdiJWaioTC~ ABa 0606UeEHbLX CO0TH0UleHHiAJlP 3TOrO 

lIOTOKaBCJIy¶a!4XlI~XOAEIbIXllepEOAOBBlQOAeCCaXBXJIEO'leHHSifJlEBbWllO~eHaaUOAOrptBa. Kpotue 
~oro,~~cno~y~~nonype~~b~epacnpe~cne~~s q~anpe~oxeHHbleroppen~~Ula~~aNyycneum0 

OlreHHB~TCnUe~XO~~e~~e~E~aHycceJlbTaBn~XOrmblx~~EB~¶eHaa~~E 

BblXJllOWHHH IlOAOl-peBa. CpaBHeHJie PaCWTOB lleFCXOAHOr0 SliCJla ?s;;, c 3xCnepHMeHTaJlbHbadB 

AaHHblMHAaRO yAOBJETBOpETeJIb~~3yAbTaT. 


