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1. Introduction

The solar central cavity receiver is widely used in solar
thermal tower power plants. However, due to the
concentrating sun rays reflected from heliostats mirrors,
the solar flux in the central part of receiver tubes surfaces
is much higher than the edges that cause the greatly non-
uniform temperature distribution. Many researchers have
tried to reduce the large heat flux gradient through
changing the arrangement of heliostat mirrors, different
working fluid, and different insert configurations.

This research studied the impacts of four types of insert
configurations on heat transfer performance of solar cavity
receiver tube. The HFCAL method was applied to
calculate the actual non-uniform heat flux distribution on
the receiver tubes. The impacts of insert configurations,
pitch and thickness of inserts, and positions of inserts were
investigated.

2. Governing equations

The fluid considered in the receiver tubes is molten nitrate
salt, which has a high energy storage capacity. According
to the previous studies, the standard high-Rek-¢ model with
the standard wall functions can predict the heat transfer
and friction of the molten salts in turbulent tube flow
suitably. The governing equations can be expressed as
follows:
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The temperature-dependent thermophysical properties of
the molten nitrate salt, including viscosity, density,
conductivity, and specific heat capacity are defined as
piecewise functions:
41=0.23816—1.2768E —3T +2.6275E —6T * —

5 ] (6)
2.4331E — 9T * +8.507E —13T *, Pas
p=2280.22—0.733T , kgm™> (7
K = 0.7663— 6.47E — 4T , W(mK) "+ (8)
¢, =1560, J(kgK)* 9)

3. Model description

Four types of inserts configurations are considered to
improve the performance of receiver tubes: 1) twisted tape;
2) wavy tape; 3) helical screw tape; and 4) louvered strip.
Figure 1 shows the geometrical dimensions of the inserts.
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Figure 1. The Geometric dimensions of the inserts
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4. Boundary conditions
The constant velocity and temperature are considered at
the inlet of the tube and fully developed assumption is
applied to the outlet. At the receiver tube outer surface, a
non-uniform heat flux boundary condition is
employed.Here, the non-uniform actual heat flux
distribution is calculated by the HFCAL model of ten
heliostats as Equation 10:
10 _(y?+2?)

Flux (y,z) =ZL;e 2 (10)

i=1 2 HF i
wherey and z are the coordinates of heliostat, Pn and onr
are the total power and effective deviation in HFCAL,
respectively.

5. Numerical results

In this section, the impacts of insert configurations, pitch
and thickness of insert, position of insert, and the impact
of non-uniform heat flux boundary condition were
investigated.

The impact of inserts configurations

Figure 2 shows the variations of Nusselt numbers Nu with
Reynolds numbers Re for four types of inserts. It can be
observed that the wavy tape has the highest Nu and helical
screw tape has the lowest Nu.
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Figure 2. The Nusselt numbers versus Reynolds numbers

for different inserts

The impact of insertpitch

In order to analysis the impact of insert pitch on the flow
and heat transfer of receiver tubes, the wavy tape pitch is
set to 40 mm, 80 mm, 60 mm and 160 mm. Figure 3 shows
the Nusselt numbers Nu versus Reynolds numbers Re for
different pitches of wavy tape. It can be seen that Nu
increases when insert pitch decreases.
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Figure 3. The Nusselt numbers versus Reynolds numbers

for four differentpitches of wavy tape

The impact of insert thickness
The pitch of wavy tape is set as 100 mm in this section,

and the impact of insert thickness is examined by
considering three cross-section areas: 8x1 mm?, 8x2 mm?
and 8x3 mm?. Figure 4 shows the variations of Nusselt
numbers Nu with Re for different thickness of wavy tape.
It can be seen that the thickness of wavy tape has almost
no impact on Nu.

The impact ofposition of insert on receiver tube

To examine the impact of position of wavy tape on
receiver tube, three different positions are considered: 1)
placed in sunlight concentrated domain; 2) placed in the
middle; and 3) placed in back-sunlight domain.

Figure 5 illustrates the variation of Nusselt numbers versus
Reynolds numbers for different positions of wavy tape. It
is clear that the Nusselt numbers of wavy tape placed in
the back-sunlight domain are higher than those of placed
in the sunlight concentrated domain because the hot fluid
flow and cold fluid flow can be mixed entirely.
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Figure 4. The Nusselt numbers versus Reynolds numbers

for different thickness of wavy tape
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6. Conclusion

This study examined heat transfer capability of the molten
nitrate salt in a receiver tube with non-uniform heat flux.
Four types of inserts configurations were considered and
the impacts of insert configurations, pitch and thickness of
inserts and positions of inserts on heat transfer
performance of receiver tube wereexamined. The
following conclusions were obtained.

The wavy tape has the highest Nu,which is 150 when Re
set as 8000. The Nusselt number increases when insert
pitch decreases. Under the non-uniform heat flux, the best
position for the insert inside receiver tube is the back-
sunlight domain.
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Numerical Study of Flow and Heat Transfer in Cavity Receiver Tube of a Solar Power Tower with
Different Inserts under Non-uniform Heat Flux

Siavash Zeynalpour Zahra Mehrdoost

Abstract In this paper, the effect of using four different types of inserts in cavity receiver tube of solar power tower to
improve heat transfer and reduce non-uniform temperature distribution is investigated. Numerical simulation is
performed in three dimensions and the effect of inserts configurations, position inside receiver tube, pitch and thickness
of insert and the effect of non-uniform heat flux on the Nusselt number, friction factor and temperature of outer surface
of receiver tube are investigated. The flow is incompressible, steady state, turbulent and the Reynolds number is in the
range of 8000 to 20000. Numerical simulation results for four types of inserts: twisted-tape, wavy-tape, helical-tape and
louvered-tape show that wavy-tape compared to the other three types, has the higher Nusselt number and the lower
average temperature of receiver tube surface. The Nusselt number of the wavy-tape is increased by 1.8%, 2% and 3.2%
relative to the louvered-tape, twisted-tape and helical-tape, respectively and 10% relative to the receiver tube without
insert. By increasing the insert thickness and decreasing the insert pitch, the Nusselt number increases and average
temperature of receiver tube surface decreases. Investigating the insert position in three cases: close to the non-uniform
heat flux wall, the middle of the tube and close to the insulation wall show that by increasing the distance of insert from
non-uniform heat flux wall, the mixing of hot and cold fluids flow is better and the temperature distribution is more
uniform. Therefore, the best position to place insert is the farthest distance from the non-uniform heat flux wall.

Key Words Solar power tower, Cavity receiver tube, Non-uniform heat flux, Insert, Heat transfer.
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