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Abstract--In this study, the influence of inlet geometry on the degree of stratification attainable in 
thermocline thermal energy storage is investigated. The turbulent mixing caused by different inlet geometries 
is quantified using a mixing index introduced in a one-dimensional flow model. The mixing index is 
correlated with the flow parameters for three different inlet configurations. Based on the obtained cor- 
relations it is concluded that the inlet geometry starts to influence thermal stratification in a thermocline 

thermal storage tank for Richardson numbers below 3.6. 

INTRODUCTION 

THERMAL storage is an effective energy management 
technique widely used in energy conservation and load 
management applications. A number of concepts have 
been developed for hot or cold storage in either sen- 
sible or latent forms. Many storage materials have 
been tested and/or used [l, 21. Water, owing to its 
abundance, low cost, high specific heat and benign 
character, is the most widely used storage medium in 
low-to-medium temperature sensible thermal storage 
applications. 

Chilled or hot water is stored in tanks which vary 
in design (see ref. [3]) as dictated by different factors, 
such as thermal performance and architectural, retro- 
fit, and economical constraints. The single stratified 
tank is likely to be the most promisiog thermal storage 
device owing to its simplicity, reliability [4] and poten- 
tial for high performance [5]. In a single stratified tank 
both hot and cold water are stored with no physical 
barrier in between. Buoyancy is the only mechanism 
separating the hot and cold water resulting in a region 
of steep temperature gradient called a ‘thermocline’, 
hence, thermocline thermal energy storage. This ther- 
mocline migrates from top to bottom (charge of hot 
water or discharge of chilled water) or from bottom 
to top of the tank (discharge of hot water or charge 
of chilled water). 

The single stratified tank has been the subject of 
experimental and theoretical investigations [5-161. 
The effect of several geometric and dynamic par- 
ameters on thermal stratification, i.e. inlet port 
location and geometry, mass flow rate, length to diam- 
eter ratio and inlet and outlet water temperature 
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difference have been studied, and the results expressed 
in terms of the extraction efficiency [6]. The position 
and sharpness of the thermocline were found to be a 
function of the Richardson and Peclet numbers. and 
a critical value of the Richardson number of 0.244 
was found to be the limit below which stratification 
does not occur [7]. The one-dimensional nature of the 
flow in a thermocline tank was confirmed by radial 
measurements of the temperature distribution in the 
tank [8]. Conduction through the insulation to the 
ambient was found to be a larger loss mechanism 
than conduction across the thermocline, especially in 
slender tanks [9]. 

Numerical studies were conducted using models of 
varying complexity [ 1 O-l 61. Comparison between 
one- and two-dimensional models has been reported 
by Cabelli [lo] and Jaluria and Gupta [I 11. It was 
found that the discrepancy between the predictions of 
the two models is small. The numerical study of Guo 
and Wu [12] has shown that a high degree of strati- 
fication will develop when Richardson number is 
greater than unity. 

While the two- and three-dimensional models are 
more capable of accounting for different factors 
affecting thermal storage tank performance, they are 
not suitable for use in large energy systems simulation. 
The one-dimens~ona1 models, while less accurate. are 
computationally more efficient. Their accuracy, how- 
ever, could be improved by introducing empirically- 
based functions accounting for departures from 
one-dimensional Row behavior or by using design 
measures that make the flow predominantly one- 
dimensional. 

Based on purely physical arguments, one would 
require the flow in a thermocline thermal storage tank 
to be one-dimensional since any motion in the second 
or third directions would only enhance mixing and 
widen the thermocline appreciably. The achievement 
of one-dimensional flow in a thermocline storage tank 
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NOMENCLATURE 

3 
;. 

lank cross-sectional area .\- vertical distance. 

Courant number, k’,,At/A.\- 

C;, specific heat Greek symbols 
D tank inside diameter 3 molecular thermal diffusivity. 

LI hydraulic diameter of the inlet port [K,,IE( 
Fo Fourier number. *Af,lAs’ AP absolute density difference between 

Y acceleration of gravity initial (ambient) and inlet conditions 

H cffectivc height between inlet and the last AT absolute temperature difference between 

thermocouple level initial and inlet conditions 

K thermal conductivity aI4 eddy diffusivity, pc’,/K, 

K, eddy conductivity 6,“. effective diffusivity factor, 

L height of the test tank (a+at,)lcc 

N,, number of finite difference grid points P dynamic viscosity 

N,,, total number of grid points P density. 

P tank inside perimeter 

R&J Reynolds number, LI,,, V,,,tii/c,,, Subscripts 
Ri Richardson number. ApgH/p,,, l(,b a ambient 

T temperature in inlet 

T* dimensionless temperature, m mean value evaluated at the average of 

CT- T,,V(T, - T,,) the initial and inlet temperatures 

f time at point 12 

I* dimensionless time, t C’JH b: initial. 

I’ 

G:: 

mean velocity from the inlet port 
mean vertical velocity in the tank Superscripts 

C’ overall heat transfer coefficient based on ‘, ’ at new time step 

the tank inside surface area in value at the inlet. 

is possible by proper design of inlet diffusers. In this 
case, mixing still exists but in a limited region in the 
tank, namely, the inlet region where three-dimen- 
sional effects are significant. Other investigators have 
recognized this and included the mixing effects in 
different ways in their one-dimensional models, i.e. 
Cole and Bellinger [15]. Wildin and Truman [5], and 

Oppel et (11. [16]. The comparison between these and 
other models can be found in ref. [ 171. 

The turbulent mixing during charge and discharge 
cycles is one of the major contributors to the loss of 
thermodynamic availability of stored energy. Other 
mechanisms contributing to the loss of stored energy 
are (1) the heat loss to the ambient surroundings. (3) 
thermal diffusion in the fluid body. and (3) vertical 
conduction in the tank wall and the associated con- 
vective motions. Consistent with the scope of this 
paper, the first and third mechanisms were made insig- 
nificant in the experiments by using an insulated thin- 
wall tank. In addition the duration of the experiments 
was of the order of 1 h. Thus the conduction in the 
fluid body and the thermal capacity of the wall were 
not influential factors in the development of thermo- 
cline after its formation at the inlet. This leaves the 
inlet geometry as the determining factor which is the 
case investigated in this study. The mixing at the inlet 
remains difficult to evaluate since it is inlet design 
dependent among other factors. In this study the tur- 

bulent mixing in thermocline thermal storage tanks is 
quantified by means of an effective diffusivity factor 
introduced in a one-dimensional analytical model. As 
shown in the next section, this factor has the effect 
of magnifying the molecular thermal diffusivity to 
include turbulent mixing. Experiments with hot<old 
water in a thermocline thermal storage tank were con- 
ducted to correlate the effective diffusivity factor with 

the flow parameters and inlet configurations. The 
model in which the effective diffusivity factor was 
introduced is discussed next. 

EFFECTIVE DIFFUSIVITY MODEL 

The flow in a stratified tank is modeled by the one- 
dimensional turbulent energy equation with heat loss 
to the ambient surroundings : 

where 

is an effective diffusivity factor. 
Equation (1) can be expanded as 
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(2) 

Our previous experiments [16, 1X] showed that the 
thermocline profiles away from the inlet are parallel, 
indicating negligible mixing after the formation of 
thermocline at the tank inlet region (see Figs. S-7). 
This is typical of the type of experiments conducted 
in this study as mentioned in the previous section. 
Therefore, the variation of E,~ with height was 
modeled by a decreasing hyperbolic function. Accord- 
ingly, the term &/i;_~ is appreciable only at the inlet 
and is negligible elsewhere. This was verified by cal- 
culating the thermocline profiles with and without 
the &,rr/& term in equation (2). Comparison of the 
calculated profiles showed that this omission did not 
introduce appreciable error in the calculations. There- 
fore, the second term on the right-hand side of equa- 
tion (2) was omitted for the sake of simplicity in the 
analysis presented here. Thus, equation (2) becomes 

-&%-I’). (3) 
P 

Note that for laminar flow E,, = 0 everywhere and 
eeK = 1. For turbulent flow E,~ is much greater than 
unity. This is equivalent to stating that the molecular 
thermal diffusivity, LY, is magni~ed by turbulence by a 
factor of E,~. 

A finite-difference solution technique is used to 
solve equation (3) subject to the appropriate initial 
and boundary conditions. The heat losses from the 
top and bottom of the tank were neglected. To elim- 
inate the numerical diffusion inherent in the upwind 
differencing of the first derivative (convective term), 
equation (3) is split into two cases. These are the 
diffusion case 

and the conv~tion case 

32” aT 
g-vxy=o. (3 

Implicit finite-difference representation of equation 
(4) yields the system of equations 

(-~,nFo)T:,_,+(l~#i2~,rrFo)T:, 

+(--aerrFo)K,,-r = +T’a+T, (6) 

where 

Explicit finite-difference representation 
(5) gives 

of equation 

(7) 

Here double prime denotes new values that may be 
calculated at a different time step than that in equation 

(6). 
To obtain the exact solution of equation (5). the 

Courant number, C = V,At/Ax, should be equal to 
unity, which is also the stability limit [ 191. This gives 

T:: = T,_,. (8) 

For the variable flow rate case, C could be different 
from unity. Therefore, the ‘buffer tank’ concept [16] 
was used. This mathematical concept is based on set- 
ting C equal to unity by the choice of Ax or At 
for the maximum expected flow rate, and applying 
equation (8) only at multiples of At for which C is 
equal to unity for other flow rates. For example if 
C = 112, equation (8) would be applied every other 
time step. 

The problem remains in the choice of a,,] in equation 
(4). Since different inlets promote turbulence in a 
varying degree, it is expected that E,~ will assume 
different values for different inlets. Based on exper- 
iments with fresh-saline water systems [16, IS], ~,~r was 
found to vary spatially from a maximum at the inlet 
(~knf) to a minimum of unity at the outlet in a decreas- 
ing hyperbolic function of the form (other functions 
were also tried, i.e. linear and exponential) 

where 

A = (G- l),‘(l -l/N,,,) 

B - F’” -A. - ‘Crr 

The total number of slabs. N,,,. is determined by 

iv,,, = H/( V,At). (10) 

A problem thus remains in specifying the inlet value 
of the effective diffusivity factor. E$. Figure I shows 
the model’s predictions of the transient temperature 
profiles at a certain location in the tank (.u/L = 0.657) 
for different values of FS. for an arbitrary condition 
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(flow ram, T,, and r,,,). It is seen that the thermocline 
gets thicker as i-:$ increases. This indicates that : 

( 1) The effective diffusivity factor can represent the 
modifying effect of turbulence if expressed in terms of 
flow parameters and physical conditions. 

(2) This factor may serve as a tool to quantify the 

turbulent mixing and thus, may be used to identify 
the best inlet configuration for high performance. 

The objective of this study is to quantify the tur- 
bulent mixing in thermocline thermal storage tanks by 
specifying the inlet effective diffusivity factor. c$., for 
different flow conditions and types of inlets. This is 
done by using experimental data obtained at our lab- 

oratory from a hot-cold water system with three 
different inlet configurations. 

EXPERIMENTS 

The experimental setup is shown schematically in 
Fig. 2. It consists of a hot water supply tank equipped 

with two heaters, insulated steel test tank, metered 
flow system, temperature sensor arrays, and data 
acquisition system. 

The hot water supply tank is capable of supplying 
hot water at any desired temperature up to 93.3’C 
(200’F). The test tank [40.64 cm (16 in.) diameter, 
144.65 cm (56.95 in.) high and 0.254 cm (0.1 in.) 
thick wall wrapped with 7.62 cm (3 in.) of fiberglass 
insulation of 3.7 R-value] is equipped with an inlet 
adapter to facilitate the installation of different inlet 
diffusers. Three different inlet geometries were tested 
(see Fig. 3) : 

(1) Side inlet: 1.61 cm (0.634 in.) i.d. pipe located 
at 5.51 cm (2.17 in.) from the pipe center to the top 
of the tank and extending 1.93 cm (0.76 in.) into the 
tank. 

FLANGE, r INLET ADAPTER 

(2) Side inlet with perforated baffle (perforated 
inlet) : a perforated circular baffle [40 cm (15.75 in.) 
diameter. with 482 holes each 0.51 cm (0.201 in.) in 
diameter] was installed 1.27 cm (0.5 in.) below the 

side inlet described above. 
(3) Impingement inlet : I .8 cm (0.709 in.) i.d. pipe 

entering the side of the tank, turning upwards 
approximately I.0 cm (0.4 in.) from the top surface 

of the tank with the flow impinging on the center of 
the top side of the tank. 

Thermocline experiments (constant inlet tem- 

perature) were carried out for the charging mode of 

operation (hot water fed to the top of the tank and 
cold water withdrawn from the bottom) with flow 
rates ranging from 1.89 to II.36 I min ’ (0.5-3.0 
gpm) and temperature differences of 22.2-66.7 C (4G 
120’ F). Accordingly. the Reynolds and Richardson 
numbers were varied from 3000 to 20 000 and 0.50 to 
20.0. respectively. The flow rate was monitored using 
a calibrated rotameter with full scale accuracy of 
+ 2% and full scale repeatability of k 1%. However. _ 
since the experiments were of constant flow rate type, 
the rotameter was used primarily to set the desired 
flow rate and a more accurate flow rate measurement 
technique was used. That is, a scaled catch tank was 

used to measure the volume of water displaced during 
each experimental run. The measured volume (to 
within _t 0.5 I) was then divided by the run time to give 
the average flow rate. Transient temperature profiles 
inside the test tank were measured using 36 J-type 
thermocouples mounted at nine levels with four 
thermocouples at each level. At each level, each two 
opposite thermocouples were extended 5.08 and 7.62 
cm (2 and 3 in.). respectively. The first level is located 
at 12.45 cm (4.9 in.) below the top of the tank (just 
below the inlet adapter flange). The rest of the levels 
are located at 13.7 cm (5.4 in.) intervals down the tank 

LEVEL 
SCALE 

TEMPERATURE 
CONTROLLER 7 

HEATING TANK 

t I <f I t I -_ 
TAP WATER 

’ TO DRAIN TC - THERMOCOUPLE 

FIG. 2. Schematic of the experimental setup for hot&cold water system. 
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PERFORATED 

FIG. 3. Schematic of the inlet configurations tested. 

(see Fig. 4). Four more thermocouples were used to 
measure the hot water supply tank, test tank inlet and 
outlet and the ambient temperatures. 

The data acquisition system used consists of a 40 
channel Monitor Labs model 9302 data logger inter- 
faced with a TI computer. Temperature readings were 

taken at 2040 s intervals. Figures 5-7 show typical 
transient temperature profiles by levels after averaging 
the four readings at each level. Calibration of ther- 

mocouples showed that the measurements were accur- 
ate within _+0.56’C (_+ 1 ‘F). The data reduction 
software written in C-language and the data acqui- 
sition system are described in Rao et al. [20]. 

0 7.62 cm-DEPTH THERMOCOUPLE 

0 5.06 cm-DEPTH THERMOCOUPLE 

/AIR VENT 

0.647 1: 
F 

I- INLET 

7 
-I 

OUTLET p+ 

I- -4 40.64 cm 

FIG. 4. Test tank thermocouples layout. 

RESULTS AND DISCUSSION 

The influence of the inlet geometry on stratification 
in a thermochne thermal storage tank was recognized 

in earlier studies [5,6, 181. The experiments conducted 
in this study confirm such influence as can be seen in 
Figs. 5-7 for the three inlet configurations tested at 
nearly identical inlet to initial temperature difference 
(note that the flow rate for the side inlet is less than 
those for the other inlets). In this study, however, an 
attempt is made to quantify the turbulent mixing 
introduced by different inlet geometries. Based on 
this quantification three objectives can be realized: 
(1) identification of the best inlet configuration 
for enhancement of stratification in a storage tank, 
(2) development of mixing correlations to be used 
in a simple one-dimensional model, and (3) establish- 
ment of the conditions under which the influence of the 
inlet geometry diminishes. 

The effective diffusivity factor introduced in an 
earlier section is considered as the starting point in 
achieving the above objectives. This factor was 
specified based on the experimental data. For any set 
of data an initial value of E$ is assumed and the ther- 
mocline is calculated based on the model discussed 
earlier. Comparison of the predicted thermocline for 
different values of E$ with the experimentally ob- 
tained thermocline, establishes the best choice for e6nf. 
It should be pointed out that this best choice of E$ 
usually produced a varying degree of agreement with 
the experimental data at different levels in the tank. 
At low flow rates [i.e. less than 2-3 1 min- ’ (0.53-0.79 
gpm)] good agreement was achieved throughout the 
tank. However, at higher flow rates it was not possible 
to obtain good predictions of the temperature profiles 
at all the levels with a single value of a$. High values 
of E$J were necessary for good predictions at the first 
few levels but these resulted in poor agreement in the 
rest of the tank. Since one of the major assumptions 
used in the model is that of the flow being one-dimen- 
sional, good predictions in the regions where two- and 
three-dimensional effects may be present (the inlet 
region) are diffcuh to achieve. Therefore, the E$ was 
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FIG. 5. Measured and predicted transient temperature protiles at different locations in the test tank (side 
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optimized to produce good predictions at the last ii>-e the experiments conducted in this study (total of 40 
to six levels in the tank. This is justified since in many experiments). 
cases (i.e. energy systems simulations) the outlet tem- The inlet effective diffusivity factor was shown [ 181 
perature is of prime interest. Using the outlined pro- to increase as the flow rate increases and decrease as 
cedure the values of & that produce the best pre- the temperature difference. AT, increases. This points 
diction of the experimental data were obtained for all to two dimensionless numbers as having the con- 
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FIG. 6. Measured and predicted transient temperature profiles at different locations in the test tank 
(perforated inlet). 
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DIMENSIONLESS TIME, t* 

FIG. 7. Measured and predicted transient temperature profiles at different locations in the test tank 
(impingement inlet). 

trolling effect on stratification in thermocline thermal 
storage tanks, namely; Reynolds and Richardson 
numbers. While the former represents the degree of 
turbulence introduced at the inlet, the latter represents 
the degree of turbulence suppression. Stable strati- 
fication has a modifying effect on turbulence since it 
damps out the eddy transport of momentum and heat, 
especially the latter. 

Based on the foregoing discussion the inlet effective 
diffusivity factor was correlated with the ratio of 
Reynolds to Richardson numbers. It should be noted 
that while the effect of viscosity on the mixing process 
is negligible at the Reynolds number range tested. the 
choice of this ratio in correlations is more convenient 
for visualizing the influence of each inlet geometry 
and provides more accurate curve-fits. In addition, 
the choice of tank height as the length scale in the 
definition of the Richardson number (see Nomencla- 
ture) facilitates comparison of the results of this study 
with the results available in the literature, such as refs. 
[9. 221. Figure 8 shows the correlations obtained for 
the corresponding inlet configurations : 

for side inlet 

E$ = 0.344(Re/Ri)’ 894 ; 

for perforated inlet 

(11) 

& = 3.54(Re/Rj)“,ss6 ; (1-a 

for impingement inlet 

ezT = 4.75(Re/Ri)0.522. (13) 

Equations (1 l)-( 13) represent the curve-fits of 8% 
values obtained based on the procedure described 

earlier in this section. Equation (11) correlates the 12 
data points for the side inlet with an average absolute 
error of 22% and a maximum absolute error of 40%. 
The correlation predicts 33% of the data with less 
than 15% deviation and 67% with less than 25%. The 
16 data points for the perforated inlet were correlated 
by equation (12) with an average absolute error of 
15% and a maximum absolute error of 30%. For this 
case, 56% of the data had less than 15% deviation 
and 94% less than 25%. Finally, for the impingement 
inlet, equation (13) correlates the 12 data points with 
an average absolute error of 15% and a maximum 
absolute error of 36%. The correlation predicts 58% 
of the data with less than 15% deviation and 92% 
with less than 25%. The resulting error in ~$e cal- 
culated from the obtained correlations and its sub- 

t / -I 
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4000 - 
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%ff 
3000- 
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FIG. 8. Recommended correlations for E$ as a function of 
the ratio Re/Ri. 
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FIG. 9. Inlet effective diffusivity factor variation as a function 
of Richardson number. 

sequent effecl on the temperature profile predictions 
should be viewed in light of Fig. I. It can be seen 
that the error in the temperature profile predictions 
resulting from 15 to 30% error in ES~ is rather small 
and falls within the experimental accuracy. The best 

test, however, is to compare the predicted temperature 
profiles with the aid of these correlations with the 
experimental data. These comparisons are presented 
in Figs. 5-7 and in the latter part of this section (see 
Figs. 10-12). 

By examining Fig. 8, two observations can be 
made : (1) the inlet that introduces the least mixing is 
the impingement inlet since it has the least srV at all 
(Re/Ri) ratios considered, and (2) the use of the per- 
forated baffle significantly reduces the turbulent mix- 
ing compared with the case of a side inlet without 
a baffle. The effect of the baffle is seen to be more 
pronounced at higher values of Re/Ri. From Fig. 8 it 
is also observed that at low values of Re/Ri there is 
little difference in the performance of the three inlet 

configurations tested. Thus. the conditions undct 
which the influence of the inlet gcomctry diminishes 
can be readily established. In previous studies [ I8.71]. 
this was expressed in terms of Richardson number 
alone. Based on experiments with a fresh-saline water 
system [ 181 a value of Richardson number of 5.0 was 
found to bc the limit above which the inlet geometry 
has a negligible effect on thermal stratification in a 
thermocline thermal storage tank. A value of 9.8 was 
deduced by Han and Wu [I!]] from their numerical 
study. The correlations given by equations (1 I)-( 13) 

and shown in Fig. 8 are replotted in Fig. 9 in terms of 
Richardson number alone by varying the flow rate for 
a fixed temperature difference. AT. This tigure shows 
that at Ri > 3.6 no significant difference in the per- 
formance of the inlets tested is observed as evidenced 

by the minor difference and change in 8zY values as Ri 
exceeds 3.6. 

In view of these different results. it should be noted 
that there are uncertainties regarding the results of 
refs. [18, 211. The result of the former was based 
on fresh-saline water system measurements which are 
rather qualitative since the temperature profiles gen- 
erated from density profiles measurements are very 
sensitive to small changes in density. On the other 

hand. the results of ref. [?I] were based on qualitative 
comparisons of the flow patterns generated by a two- 
dimensional laminar flow model. Therefore. it is 
believed that the result obtained in the present study 
represents the limit beyond which the inlet geometry 
has a negligible effect on thermal stratification in a 
thermocline thermal storage tank. 

Based on the above result it can be concluded that 
one-dimensional modeling may break down for 
Ri < 3.6 and hence, mixing correlations for particular 
inlet contigurations are necessary if the operating con- 
ditions require Ri < 3.6. 11 is. therefore, of interest to 
compare the predictions of the model presented in an 
earlier section [with a$ in equation (9) calculated from 

40.6 
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FIG. 10. Predicted temperature profiles compared with experimental data from Kuhn C/ trl. [22] (charging) 
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FIG. Il. Predicted temperature profiles compared with experimental data from Kuhn et al. [22] (dis- 
charging). 

the corresponding correlations, i.e. equations (1 l)- 
(13)] with our experimental data and those from the 
literature [9, 221. Figures 5-7 and 10-12 show the 
predictions of the model with the experimental data 
of the sources indicated. It can be seen that a good 
agreement between the predicted thermocline and the 
experimental one is achieved. Thus, a complete model 
of the thermocline thermal storage tank incorporating 
mixing correlations for three types of inlet geometry 
is now available. It should be noted that in the pres- 
ence of two- and three-dimensional effects (low values 
of Ri or high values of Re) no one-dimensional theory 
can be applied with equal success to different inlet 

geometries without the use of mixing correlations for 
different inlets. Therefore, the correlations presented 
in this study are essential for better predictions in one- 
dimensional thermocline computations. This should 
provide a reliable guidance to the designers of 
therrnocline thermal storage tanks for the choice of 
the type of inlet to use depending on the operating 
conditions desired. 

SUMMARY AND CONCLUSIONS 

The degree of stratification attainable in thermo- 
cline thermal energy storage is generally influenced, 

_ PERFORATED DIFFUSER 
* EXPERIMENT [91 

(DISCHARGING) 

0.00 0.40 0.90 1.20 1.60 

DIMENSIONLESS TIME. t* 

FIG. 12. Predicted temperature profile compared with experimental data from Abdoly [9] (discharging) 
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among other factors. by the inlet geometry. In this 
study turbulent mixing caused by three different 
inlet configurations was investigated. Quantification 
of turbulent mixing was made based on an effective 
diffusivity factor introduced by one-dimensional flow 
modeling. This factor was shown to serve as a prac- 
tical measure for characterization of inlet-geometry- 
induced mixing. Mixing correlations for the three inlet 
con~gurations were obtained based on experiments 
with a hot-cold water system. The one-dimensional 
model incorporating these correlations was shown to 
satisfactorily reproduce the experimental data of ours 
and of other investigators. Based on the obtained 
correlations it was concluded that the influence of the 
inlet geometry on stratification is negligible for 
Richardson number above 3.6. Thus the one-dimen- 
sional flow modeling without accounting for the mix- 
ing at the inlet may break down at Richardson num- 
bers below 3.6 and mixing correlations for individual 
inlet geometries would be necessary if operating 
Richardson numbers below 3.6 were to be cmploycd. 
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INFLUENCE DE LA GEOMETRIE D’ENTREE SUR LE MELANGE DANS LE 
STOCKAGE DE CHALEUR THERMOCLINE 

R&&z-On itudie I’influence de la g6omCtrie d’entrke sur le degr& de stratification dans un stockage de 
chaleur thermocline. Le mtlange turbulent cause par diffkrentes gtomCfries d’entrte est quantifit en utilisant 
un indice de mblange introduit dans un modkle d’kcoulement monodimensionnel. L’indice de mklange est 
relic aux paramktres d’koulement pour trois configurations d’entrke. A partir des corrtlations obtenues. 
on conclut que la gkomttrie d’entrie commence g influencer la stratification thermique dans un rkservoir 

B thermocline pour des nombres de Richardson inf&ieurs g 3,6. 
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EINFLUSS DER EINLAUFGEOMETRIE AUF DIE VERMISCHUNG IN EINEM 
GESCHICHTETEN WIiRMESPEICHER 

Zusammenfassung-Der EinfluI3 der Einlaufgeometrie auf den Grad der Schichtung, der sich in einem 
Schichtspeicher erreichen IHOt, wird in der vorliegenden Arbeit untersucht. Die turbulente Vermischung 
durch verschiedene Einlaufgeometrie wird mit Hilfe eines Mischungsparameters qualitativ beschrieben. 
der in ein eindimensionales Stromungsmodell eingebaut wird. Der Mischungsparameter wird mit den 
Striimungsparamtern der drei verschiedenen Einlaufanordnungen korreliert. Aufgrund der Korrelationen 
ergibt sich, dab die Einlaufgeometrie die Schichtung in einem Schichtspeicher fur eine Richardson-Zahl 

kleiner 3,6 zu beeinflussen beginnt. 

BJIH~HHE FEOMETPHM BXOm HA CMEBIEHRE HPH TEPMOKJIBHHOM 
AKKYMYJIHPOBAHHH TEHJIOBOR 3HEPl-HH 

AmnxauEa4kcne~yeTcn nnkisrine reoheerpmi axona Ha crenerib csparmjmrcamni, nocrnraeMym npn 
rephfotrnmmor4 axxyMynrposamisr rermonoii 3~eprHH. lkqencreo~ 6neneHm Kosj+iuHeiiTa cMeute- 

HHIl B OaHOMe,,Hylo MOAeJIb TeYeHHR KOJTHWCTBeHHO OII&h?AeJIKeTCx Typ6yJIeHTHOe CbfeIIleHHe, BbI3BaH- 

HOe pa3JIEiYHbIMH reOMeTp&iJiMH BXOLIa. YCTaHaBJlHEIaeTCS 3aBHCHMOCTb MeKCLl)’ K03#&iWieHTOM 

CMeIIIeHHII H IIapaMeTpaMH Te’IeHHR IIPH TpeX piUJIH¶HbIX KOH@WflaUHXX BXOlla. Ha OCHOBe IIOJIy’ieH- 

HblX o606meiinarx WBHCHMOCTeii .&ZJIaeTCK BbIBOn 0 TOM, ST0 re0MelpH.K BXOLla Ha’iSiHaeT OKa3bIBaTb 

BJIUXHHe Ha TetlJIOBySO C~aTA@lKLWiIO B TePMOKJlHHHOM aKKyM)‘JIKTO~ TemOBOfi 3HeprHH IIPH 3Ha4e- 

HHIIX Wicna PmrapncoHa rimxe 3,6. 


