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Forced Convection Modelling of a Solar Central Receiver using
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ABSTRACT

When nonuniform thermal boundary conditions are imposed on the surface of a
circular cylinder in crossflow, the heat transfer characteristics can be quite different
‘compared to what is found for isothermal or constant heat flux boundary conditions. In

B ol .4 R (Solar Energy) Vol. 10, No. 3, 1990

_?__
golahA o=

o X
VEY HIze BHAA #AZE 4 vt Solar One(Ca-
liformiaZ ¢ BarstowAld] & BlEz2)d A9, FEHFA(E)s TH L u 939

13



e Ay mEg o] & g2 ZAd ol ¢

<d
=

by
M,

24 /997 9

the present analysis, two kinds of nonuniform boundary conditions along the circumfer-

ence of the cylinder are considered in a uniform stream of air: step changes and linear

profiles. Step changes in temperature can arise on the surface of an external, cylindric-

al, solar central receiver. As the working fluid{water) flows through the vertical tubes

that ring the circumference of Solar One(a solar central receiver in Barstow, California),

the solar flux on the receiver heats the water from a liquid to a superheated state. In

this process, portions of the receiver panels, and thus portions of the circumference of

the cylinder, function as a preheater, boiler, or superheater. Hence the surface temper-

- ature can vary significantly around the cylinder. Common engineering practice has been

to use an average wall temperature with an isothermal cylinder heat transfer coefficient

when estimating the convective loss in these kinds of situations.

Nomenclature

Nu,, Nusselt number

Nu,, average Nusselt number

Re Reynolds number based on cylinder dia-

meter and freestream velocity.

Tw  wall temperature[K] |

Twa, average wall temperature (K]

T bulk fluid temperature K]

UWT uniform wall temperature boundary con-
dition

UHF uniform heat flux boundary condition
angle measured from the front stagna-
tion point of a cylinder[degree]

7, angle measured from the front stagna-
tion point of a cylinder [degree]

®, dimensionless wall temperature==

1. INTRODUCTION

To simulate the convective phenomena
numerically can be quite difficult, particularly at
Reynolds numbers over a few hundred, due to
the complex transient flow behind the cylinder.
Dennis and Chang” have studied the steady
flow past a cylinder, in which they limited the
range of investigated Reynolds numbers to 100.
Borthwick has recently reported two studies of
flow around a cylinder. In the first of these?, a
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comparison was made of two methods of dis-
cretization of the governing equations. A range
of Reynolds number up to 400 was reported,
and particular attention was given to the
numerical approach on the solution values.
Our desire here is to obtain solutions numer-
ically over a wide range of Reynolds numbers
for the nonisothermal conditions with rather
simplified boundary conditions and to examine
how closely they approximate the long term
averaged heat transfer behavior in the real
situation. This was done in an earlier paper”
for both the uniform wall temperature(UWT)
and the uniform heat flux(UHF) conditions. Ex-
cellent agreement was found between calcula-
tions and experimental valuse for wall shear
and heat transfer, the latter being for both local
and average values. Included were comparisons
to the work or summaries of Eckert and

Soehngen®, Krall and Eckert”, Sarma and

- Sukhatme®, and Zukauskas and Ziugzda”. In

the present analysis, we use this approach for
predicting nonisothermal convection from circu-
lar cylinders.

2. METHOD OF ANALYSIS

The analysis is carried out as described in the
earlier paper noted above. Surface temperature
variations as a function of the angle from the
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front sagnation point were assumed as shown
in Figure. 1. In addition, two cases were consi-
dered where a in surface
temperature was assumed. One started at zero
at the front stagnation point and increased,
while a second started high and decreased to
zero at the rear stagnation point. Note that all
of these distributions are carefully chosen to
vield the same average wall temperature, ex-
cept for the UHF condition discussed in the

‘Results section. Local Nusselt numbers were
determined

linear wvariation

from numerically—computed
temperature gradients at the wall for the range
of Re between 200 and 3480 for each wall
temperature distribution. This included the
UWT and UHF cases described in the earlier
paper. Local values of Nusselt number were
then averaged according to the following:

Nu,,= [ Nu(6)d6] /180

3. RESULTS AND DISCUSSION

Results for a number of nonisothermal cases
are given in Figures 2 and 3. As anticipated,
cases which have higher temperatures over the
front portion of the cylinder demonstrate higher
average heat transfer.

In Fig. 2. each plot shows the angular dis-
tribution of the local Nusselt number for the
corresponding boundary conditions in Fig. 1 at
Re=200 and 1000. Although such conditions
could be difficult to realize in practice, some
detailed discussions are given here regarding
discontinuities in heat transfer, as they display
distinct characteristics with the location of step
changes in wall temperature.

Fig. 2(a) shows, for Re=200, a small peak at
8 =90° and makes a sharp decrease to Nu=
—52. The sudden small increase in heat transfer
might be the effect of upstream diffusion, which
subcools the oncoming fluid. This enhances the
heat transfer. The negative Nusselt number
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Fig.1 Stepchanges in wait temperature assumed
in this anatysis; note that all cases have
the same average temperature

observed here indicates a reversal in heat trans-
fer direction. That is, heat flows from the fluid
to surface. As the fluid flow proceeds further
downstream toward the rear stagnation point,
the Nusselt number asymptotically approaches
zero.

Fig. 2(b) displays an opposite picture to the
case discussed above. For Re=200, a small
decrease and then a large increase in heat
transfer is shown. The local Nusselt number is
practically zero until it reaches the neighbor-
hood of the discontinuity. Compared to Fig.
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cases compare to those shown in Fig.1

2(a), the portion that is heated at a constant
temperature of ®,=2 gives lower heat transfer
for the most part except near the peak{from 90
to 100 degrees). This would definitely result in
a lower average Nusselt number.

Figs. 2 (c) and (d) exhibit even larger in-
creases and decreases at the point of discon-
tinuity. This is due to a larger temperature
change there. In Fig. 1, cases (c) and (d) have
a step change in temperature that is twice as
large as cases(a) and (b). Plot (e) corresponds
to case (e) in Fig. 1. It shows all the character-
istics at the point of discontinuity which are
observed separately in each of the four cases
discussed above.

The results for Re=1000 in each case show
the augmentation in heat transter. This is due
to the convection dominance in heat transfer
phenomena at higher Reynolds number. Diffu-
sion becomes less important as expected. In
Figs. 2 (a),(b),{c) and (e), there is no increase or
decrease due to upstream diffusion. These
should have been washed away by the convec-
tive fluxes.

Different nonuniform boundary conditions
have produced different results, even though
they all have the same mean wall temperature.
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Some of the cases studied here have shown a

significant change in the overall heat transfer in
comparison to UWT or UHF bounday condi-
tions. They also have revealed some de-
pendency on the Reynolds number, which me-
asures the relative importance of convection
and diffusion fluxes in the heat transfer proces-
ses for a fluid stream.

Fig. 3 (a) shows the calculated average Nus-
selt numbers for both the UNT and UHF cases,
as found in our earlier study. (As noted before
‘the UHF case does not have the same average
wall temperatures as the other cases). The ex-
perimental UHF results of Krall and Eckert”
and the correlation of extensive data for the
UWT case given by Morgan® are compared to
our results. Extremely good agreement is

shown. Fig. 3 (a) also compares UWT and UHF
boundary conditions with the linear profiles in

wall temperature. between the
curves grow as the Reynolds number is in-
creased. The linear profile which locates the
maximum temperature in the rear stagnation
point gives the least heat transfer throughout.
This is to be expected since the wake itself im-
poses a resistance to transfer phenomena. The
UWT case lies between the upper and lower
limits of heat transfer. Alinear profile which lo-
cates the maximum at the front stagnation point
shows the highest heat transfer of these cases
in the range of Reynolds number covered here.
However, no differences are detected between
this linear profile and the UHF boundary condi-
tion up to Re=2000, Even at Re=3480, the
differences are minute.

Differences

Step changes in wall temperature show pro-

found effects on the average Nusselt number
for the cases examined here. See Fig. 3 (b).

The UWT boundary condition is compared in
this figure with the cases of step change in wall
temperature. Again differences grow percen-
tagewise and in absolute magnitude as the
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Fig.3 Average heat transter for (a) UWT and
UHF data and calculations compared
with the linear vartiation caiculations and
(b} UWT caiculations compared to step
cases shown in Fig.1l; these resuits are
for air

Reynolds number increases. For example, the
case (b) in Fig. 1 shows 12.5 percent difference
with the UWT case at Re=200. This becomes
34,6 percent at Re=3480. Beyond Re=1000,
maximum heat transfer is attained when the
front half is heated to maintain the dimension-
less surface temperature at 2 (case (a) in Fig.
1). It also shows a rapid improvement in heat
transfer for case (c) in Fig. 1. This reprents the
case where the first quadrant is heated. At Re
=3480, the value converges with that of the
maximum case. Unless the rear half or quad-

rant are heated at a constant temperature, heat
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transfer is improved over the UWT case.
Although our analysis has ignored the un-

steady nature of the flow on the rear portion of

the cylinder, this does not render the solution
insensitive to the boundary conditions in that
region. This was shown in the earlier paper’. It
can be seen by comparing the average heat
transfer variation for cases where temperature
changes occur on the downstream portion of
the cylinder. See cases (b) and (d) in Figs. 1
and 3 (b).

4. CONCLUSIONS

A numerical study is presented of forced
convection heat transfer over a very long circu-
lar cylinder in a uniform stream of air. Results
~are found using the stream function—vorticity
approach. A series of situations were investi-
gated where the surface temperature wvaried
with angle around the cylinder. Included in this
were linearly—varying temperatures and other
situations where the surface temperature varied
in a step—change manner. In all cases the varia-
tions 'were set so that the mean surface temper-
ature remained same. This allowed easy com-
parisons between nonisothermal and isothermal
cases for the same Reynolds number.

Some of the nonuniform surface temperature
cases showed considerable differences in total
heat transfer between one another. Differences
between the various cases did not remain in
the same relationships as the Reynolds number
changed. | |

The practice used by some analysts when
calculating nonisothermal heat transfer of invok-
ing an average surface temperature with an
isothermal correlation could be considerably in
error. From the cases considered here the mag-

mtude of this error could be on the order of

50%.
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| Thermally Stratified Hot Water Storage

Ee-Tong Pak |
Sung Kyun Kwan University

ABSTRACT

This paper deals with experimental research to increase thermal storage efficiency of hot water
stored in an actual storage tank for solar application. The effect of increased energy input rate due to
stratification has been discussed and illustrated through experimental data, which was taken by
changing dynamic and geometric parameters. Ranges of the parameters were defined for flow rate,
‘the ratio of diameter to h'eight of the tank and inlet—exit water temperature difference. During the
heat storage, when the flow was lower, the temperature difference was larger and the ratio of dia-
meter to height of the tank was higher, the mementum exchange decreased. As for this experiment,
when the flow rate was 8 liter/ min, the temperature difference was 30°C and the ratio of diameter to
height of the tank was 3, the momentum exchange was minimized resulting in a good thermocline
and a stable stratification. In the case of using inlet ports, if the modified Richardson number was less
than 0.004, full mixing occured and so unstable stratification occured, which mean that this could not
be recommended as storage through thermal stratification. Using a distributor was better than using
inlet ports to form a sharp thermocline and to enhance the stratification.. It was possible to get
storage efficiency of 95% by using the distributor, which was higher than a storage efficiency of 85%
obtained by using inlet ports in same operation condition. Furthermore, if the distributor was manu-
factured so that the mainpipe decreases indiameter toward the dead end to maintain constant static

pressure, it might be predicted that further stable stratification and higher storage efficiency are
obtainable(ie:more than 95%).

Forced Convection Modelling of a Solar Central Receiver using Noni-
- sothermal Cylinders in Crossflow
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ABSTRACT

When nonuniform thermal boundary conditions are imposed on the surface of a circular cylinder in
crossflow, the heat transfer characteristics can be quite different compared to what is found for
isothermal or constant heat flux boundary conditions. In the present analysis, two kinds of nonuni-
form boundary conditions along the circumference of the cylinder are considered in a uniform stream
of air: step changes and linear profiles. Step changes in temperature can arise on the surface of an
external, cylindrical, solar central receiver. As the working fluid(water) flows through the vertical tubes
that ring the circumference of Solar One(a solar central receiver in Barstow, California), the solar flux
on the receiver heats the water from a liquid to a superheated state. In this process, portions of the
receiver panels, and thus portions of the circumference of the cylinder, function as a preheater,
boiler, or superheater. Hence the surface temperature can vary significantly around the cylinder.
Common engineering practice has been to use an average wall temperature with an isothermal cylin-
der heat transfer coefficient when estimating the convective loss in these kinds of situations.

Thermal Performance Analysis for the Low—Cost Solar System ‘with Trick-
le—Collector |

Bu-Ho Kim - Dong-Won Lee

Korea Institute of Energy & Resources

ABSTRACT

Theoretical analysis for the thermal performance on the low—cost trickle collector, which is easy to
manufacture and construct, has been performed. The results were in reasonably good agreement with
those of the experiments. They have been applicable to predict long—term thermal performance on
the low—cost solar collecting system. The dialogue type of computer program has been written based
on the f-chart method and it can be used for designing a these collecting system, and investigating
its economic feasibility. |

The Estimation of Transpiration Rate of Crops in Hydroponic Culture in
the Plastic Greenhouse

Sang-Woon Nam * Moon-Ki Kim
Seoul National Univ.
Seoul National Univ. College of Agriculture Dept. of Agriculture Engineering.

ABSTRACT

The main objective of this study was to find the relationship between transpiration rate and en-
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