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(57) ABSTRACT

A photovoltaic cooling system includes a cooling module
having a local jet flow inlet located in an interior portion of
the cooling module directing flow in a vertical direction. A
crossflow inlet is located at an inlet edge of the cooling
module directing flow across the cooling module. An outlet
is located at an outlet edge of the cooling module. A
thermoelectric generator is located on the cooling module,
and a photovoltaic module is located on the thermoelectric
generator.
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1
THERMOELECTRIC NANO JET COOLING
SYSTEM

BACKGROUND
1. Field

The present disclosure relates to thermal management
systems and more particularly cooling systems for photo-
voltaic solar cells.

2. Description of the Related Art

Thermal management and cooling of photovoltaic (PV)
systems are important for improved performances and effi-
ciencies. Solar irradiation that cannot be converted into
electricity results in excessive temperatures of the PV-cell
and performance degradation is observed.

SUMMARY

There is a need for effective cooling systems for perfor-
mance enhancement in PV cells by reducing excessive
temperatures.

A photovoltaic cooling system, in one embodiment,
includes a cooling module having a local jet flow inlet
located at an interior portion of the cooling module directing
flow in a vertical direction. A crossflow inlet is located at an
inlet edge of the cooling module directing flow across the
cooling module. An outlet is located at an outlet edge of the
cooling module. A thermoelectric generator is located on the
cooling module, and a photovoltaic module is located on the
thermoelectric generator.

The crossflow inlet receives a cold crossflow inlet pul-
sating nanofluid that satisfies the equation: u.=u_,(1+A,
sin(2mtt)) wherein u,, denotes the base cross-flow velocity
and A_, f. denote the pulsating cross-flow amplitude and
frequency, respectively, while t denotes time.

The local jet flow inlet receives a cold jet flow inlet
pulsating nanofluid that satisfies the equation: u=u,(1+A,;
sin(2weft)) wherein u,, denotes the base jet-flow velocity, A,
and f, denotes the pulsating jet-flow amplitude and fre-
quency and t denotes time.

A controller directs a cold crossflow inlet pulsating nano-
fluid to the crossflow inlet, and directs a cold jet flow inlet
pulsating nanofluid to the local jet flow inlet.

The cold crosstflow inlet pulsating nanofluid satisfies the
equation: u=u_ (1+A,_ sin(2nf t)) wherein u_, denotes the
base cross-flow velocity and A_, f. denote the pulsating
cross-flow amplitude and frequency and the cold jet flow
inlet pulsating nanofluid satisfies the equation: u=u,,(1+A,;
sin(2xnf1)).

The interior portion of the local jet flow inlet is a middle
portion.

The outlet edge is located opposite the inlet edge.

A photovoltaic cooling system, in another embodiment,
has a cooling module, a thermoelectric generator located on
the cooling module, and photovoltaic system located on the
thermoelectric generator. The system receives a cold cross-
flow inlet pulsating nanofluid in a crossflow inlet located at
an inlet edge of the cooling module and directs the cold
crossflow inlet pulsating nanofluid laterally across the cool-
ing module. A cold jet flow inlet pulsating nanofluid is
received in a local jet flow inlet located at an interior portion
of the cooling module and directs the cold jet flow inlet
pulsating nanofluid in a vertical direction.
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The cold crossflow inlet pulsating nanofluid satisfies the
equation: u_=u_ (1+A_ sin(2xf t)), wherein u_, denotes the
base cross-flow velocity and A, and f, denote the pulsating
cross-flow amplitude and frequency, and the cold jet flow
inlet pulsating nanofluid satisfies the equation: u=u, (1+A,
sin(2xf}t)) wherein u,, denotes the base jet-flow velocity, A,
and f; denotes the pulsating jet-flow amplitude and fre-
quency, and t denotes time.

The interior portion of the local jet flow inlet is a middle
portion.

An outlet edge of the cooling module is located opposite
the inlet edge.

A cooling module of photovoltaic cooling system
includes: a local jet flow inlet located in an interior portion
of the cooling module directing flow in a vertical direction;
a crosstlow inlet located at an inlet edge of the cooling
module directing flow across the cooling module; and an
outlet located at an outlet edge of the cooling module.

These and other features of the present subject matter will
become readily apparent upon further review of the follow-
ing specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of a cooling module, a thermo-
electric generator (TEG), and a photovoltaic module.

Similar reference characters denote corresponding fea-
tures consistently throughout the attached drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Thermal management and cooling of photovoltaic (PV)
systems are important for improved performances and effi-
ciencies. Solar irradiation that cannot be converted into
electricity results in excessive temperatures of the PV cell
and performance degradation is observed. Therefore, effec-
tive cooling systems are needed for performance enhance-
ment. A cooling system for thermal management of PV
modules is needed.

The cooling system of the present disclosure includes a
thermoelectric generator and jet impingement cooling with
crossflow and jet flow. Both jet flow and crossflow are
pulsating with different amplitudes and frequencies. Jet
impingement is used for higher local cooling while cross
flow is used for temperature uniformity of the PV module
which is also an important factor in performance evaluation.
Nanofluid is used in the jet and crossflow cooling systems
while nanoparticle types in solid volume fractions in the
base fluid can be varied. Flow pulsation parameters such as
amplitude and frequency in jet and cross flow can be
controlled to increase the generated power from the ther-
moelectric generator and reduce the temperature of the PV
cell.

A cooling system, in one embodiment, includes a pulsat-
ing crossflow and pulsating nano-jet combined with a ther-
moelectric generator for thermal management of the photo-
voltaic module.

FIG. 1 is an illustration of a cooling module 100, a
thermoelectric generator (TEG) 105 located on the cooling
module 100 and a photovoltaic module 110 located on the
TEG module 105.

The cooling module 100 has a local jet flow inlet 102
located at an interior portion of the cooling module 100
directing flow in a vertical direction. The interior portion of
the local jet flow inlet can be a middle portion.
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A crossflow inlet 104 is located at an inlet edge of the
cooling module 100 directing flow across the cooling mod-
ule 100. An outlet 106 is located at an outlet edge of the
cooling module 100. The outlet edge can be located opposite
the inlet edge.

The thermoelectric generator 105 is located on the cooling
module 100, and a photovoltaic module 110 is located on the
thermoelectric generator 105.

The crosstlow inlet 104 receives a cold crosstlow inlet
pulsating nanofluid that satisfies the equation: u=u_, (1+A_
sin(2ntf t)) wherein u_, denotes the base cross-flow velocity
and A_, f. denote the pulsating cross-flow amplitude and
frequency, respectively, and t denotes time.

The local jet flow inlet 102 receives a cold jet flow inlet
pulsating nanofluid that satisfies the equation: u=u,(1+A,;
sin(2weft)) wherein u,, denotes the base jet-flow velocity, A,
and f, denotes the pulsating jet-flow amplitude and fre-
quency and t denotes time.

A controller directs a cold crossflow inlet pulsating nano-
fluid to the crossflow inlet 104, and directs a cold jet flow
inlet pulsating nanofluid to the local jet flow inlet 102.

The cold crosstflow inlet pulsating nanofluid satisfies the
equation: u=u_ (1+A,_ sin(2nf t)) wherein u_, denotes the
base cross-flow velocity and A, and £, denote the pulsating
cross-flow amplitude and frequency, and the cold jet flow
inlet pulsating nanofluid satisfies the equation: u=u,,(1+A,;
sin(2 ft)) wherein uy, denotes the base jet-flow velocity, A,
and f; denotes the pulsating jet-flow amplitude and fre-
quency, and t denotes time.

A hybrid nanofluid is used in base carrier fluid which
includes at least two different nanoparticles. Hybrid nano-
fluids are used in energy systems and heat transfer applica-
tions for many reasons such as cost, stability and synergistic
effects of individual nanoparticles.

A single pulsating jet and pulsating cross-flow can be used
in cooling systems. Application of pulsating cross-flow in
pulsating jet flow along with jet flow impingement cooling
results in locally higher cooled regions while uniformity of
the lower temperature is maintained over the entire surface
since cross-flow effects are provided.

Cross-flow with impinging jet makes the cooling of
temperature over the surface more uniform and cooling
effects of the impinging cold nanofluid will be more effec-
tive for a large portion of the PV-surface.

The pulsating frequency/amplitude of cross-flow and pul-
sating frequency/amplitude of jet-flow can be controlled to
obtain the highest power generation from TEG and lowest
cell temperature of the PV module.

The utilization of hybrid nanoparticles in the base fluid
makes the system more flexible in the selection of cooling
liquid in terms of cost and stability of nanofluids.

It is to be understood that the present subject matter is not
limited to the specific embodiments described above, but
encompasses any and all embodiments within the scope of
the generic language of the following claims enabled by the
embodiments described herein, or otherwise shown in the
drawings or described above in terms sufficient to enable one
of ordinary skill in the art to make and use the claimed
subject matter.

I claim:

1. A photovoltaic cooling system, comprising:

a cooling module having a local jet flow inlet located at
an interior portion of the cooling module directing flow
in a vertical direction, a crossflow inlet located at an
inlet edge of the cooling module directing flow across
the cooling module, and an outlet located at an outlet
edge of the cooling module;
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a thermoelectric generator located on the cooling module;

and

a photovoltaic module located on the thermoelectric gen-

erator.

2. The photovoltaic cooling system as recited in claim 1,
wherein the crossflow inlet receives a cold crossflow inlet
pulsating nanofluid.

3. The photovoltaic cooling system as recited in claim 2,
wherein the cold crossflow inlet pulsating nanofluid satisfies
the equation: u_=u_,(1+A, sin(Arnf t)) wherein u_, denotes
the base cross-flow velocity and A_, and f, denote the
pulsating cross-flow amplitude and frequency, and t denotes
time.

4. The photovoltaic cooling system as recited in claim 1,
wherein the local jet flow inlet receives a cold jet flow inlet
pulsating nanofluid.

5. The photovoltaic cooling system as recited in claim 1,
wherein the cold jet flow inlet pulsating nanofluid satisfies
the equation: u=u,,(1+A, sin(2ref}t)) wherein u,, denotes the
base jet-flow velocity, A; and {, denotes the pulsating jet-flow
amplitude and frequency and t denotes time.

6. The photovoltaic cooling system as recited in claim 1
further comprising a controller directing a cold crosstlow
inlet pulsating nanofluid to the crossflow inlet, and directing
a cold jet flow inlet pulsating nano fluid to the local jet flow
inlet.

7. The photovoltaic cooling system as recited in claim 6,
wherein the cold crossflow inlet pulsating nanofluid satisfies
the equation: u_=u_,(1+A, sin(2nf t)) wherein u_, denotes
the base cross-flow velocity and A, and f. denote the pul-
sating cross-flow amplitude and frequency and the cold jet
flow inlet pulsating nanofluid satisfies the equation: u=u,,
(1+A, sin(2nft)) wherein u,, denotes the base jet-flow veloc-
ity, A; and {; denotes the pulsating jet-flow amplitude and
frequency, and t denotes time.

8. The photovoltaic cooling system as recite in claim 1,
wherein the interior portion of the local jet flow inlet is a
middle portion.

9. A photovoltaic cooling system as recited in claim 1,
wherein the outlet edge is located opposite the inlet edge.

10. A photovoltaic cooling system having a cooling mod-
ule, a thermoelectric generator located on the cooling mod-
ule, and photovoltaic module located on the thermoelectric
generator, the system comprising:

receiving a cold crossflow inlet pulsating nanofluid in a

crossflow inlet located at an inlet edge of the cooling
module and directing the a cold crossflow inlet pulsat-
ing nanofluid laterally across the cooling module; and

receiving a cold jet flow inlet pulsating nanofluid in a

local jet flow inlet located at an interior portion of the
cooling module and directing the cold jet flow inlet
pulsating nanofluid in a vertical direction.

11. The photovoltaic cooling system as recited in claim
10, wherein the cold crossflow inlet pulsating nanofluid
satisfies the equation: u_=u_,(1+A, sin(2xf t)) wherein u_,
denotes the base cross-flow velocity and A, and £, denote the
pulsating cross-flow amplitude and frequency, and the cold
jet flow inlet pulsating nanofluid satisfies the equation:
u=u,,(1+A, sin(2nft)) wherein u,, denotes the base jet-flow
velocity, A; and f; denotes the pulsating jet-flow amplitude
and frequency, and t denotes time.

12. The photovoltaic cooling system as recited in claim
10, wherein the interior portion of the local jet flow inlet is
a middle portion.
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13. The photovoltaic cooling system as recited in claim
10, wherein an outlet edge of the cooling module is located
opposite the inlet edge.
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