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Introduction to CRSs

« Central Receiver Systems
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Presenter
Presentation Notes
This is a typical central receiver system. It consists of an array of heliostats, called the heliostat field. These heliostats redirect and concentrate the direct beam component of solar radiation onto a fixed receiver located on top of a tower.

Since the apparent position of the sun changes constantly relative to a heliostat during the day, the orientation of a heliostat’s mirror surface needs to be controlled continuously such that it accurately redirects the solar radiation onto the receiver. The required aiming accuracy is normally in the order of milliradians, about 1.5 to 2 milliradians. 

A heliostat reflects solar radiation incident from the sun to a fixed central receiver, which is located at the top of a tower. To do this, the normal vector n of the heliostat needs to bisect the angle between the solar vector S (vector between the centre of the heliostat plane and the centre of the sun) and the receiver vector R (vector joining the centre of the heliostat plane with the centre of the receiver aperture). The solar vector is defined by two angles, the solar altitude  𝛼 𝑠  angle, which is the angle between the solar vector and the horizontal, and the solar azimuth angle  𝑎 𝑠 , which is the angle between due South and the line connecting the vertical projection of the sun to the horizontal. Since the position of the sun changes continuously, the tracking problem consists of controlling the heliostat plane such that its normal vector constantly bisects the solar and receiver vectors. 



Background on Heliostat Control

e Open-loop control
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No aiming feedback during
operation requiresdriveswith
very tight tolerances which are
costly

Deterministic and non-
deterministic error sources cause
drift requiring calibration, which is
time consuming
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Presenter
Presentation Notes
Open-loop methods use astronomical formulae to determine the solar vector and can therefore infer the angles at which a heliostats have to be aligned. It uses no alignment feedback and therefore requires intermittent calibration. The state-of-the art strategy is to point a camera at a Lambertian target mounted below the receiver. A heliostat is commanded to reflect its solar image onto a reference position on the calibration target after which the solar image is captured by the camera. The difference between the centroid of the solar image and the reference position is calculated by the heliostat controller and this information is used to develop the heliostat's specific error correction model which compensates for deterministic errors.


Background on Heliostat Control

e Closed-loop (local-feedback)

- Real-time alignment feedback
negatesthe need for expensive drives
with tight tolerances

- Mounting sensorson every heliostat
can be expensive, esp. for large helio
fields

- Sensors usually also require regular
calibration
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Presentation Notes
In the closed-loop approach using local feedback various types of sensors mounted locally on the heliostat provides alignment-error feedback signals to the heliostat controller. 

These sensors include light sensitive sensors such as photo-diodes, –transistors and resistors, or inclinometer, accelerometer, magnetometer or gyroscope sensors to provide the alignment error feedback information.


Background on Heliostat Control
 Closed-loop (‘Receiver-feedback’)

- Real-time alignment feedback
negatesthe need for expensive
driveswith tight tolerances

- Does not require sensors on every
heliostat

- Multiple/ All heliostats can be
Receiver Feadback controlled simultaneously
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Presentation Notes
A method which allows
lower precision drives
decreases the components per heliostat 
Multiple or all heliostats to be controlled simultaneously

is desirable and a method that promises to achieve this is to use closed-loop control with receiver feedback. 


Diffraction
« 1-D (Linear) diffraction grating
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Presenter
Presentation Notes
Theoretically the light will be about the XZ plane. However, when the source of the light is the sun, it will be diffracted by quarter of a degree each side of the plane since the angular diameter of the sun is about half a degree. 

Off-plane diffraction: Conical diffraction

Note: Term for the 0th order = Specular order.
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Presenter
Presentation Notes
Describe exactly what a diffraction grating is

The propagation angle is a function of the wavelength

Constructive interference will occur at discrete angles and these will show up as bright spots

Buble: Uniform thickness but path difference due to it being round
Oil Slick: Non uniform thickness causes path difference

Diffraction and interference are similar phenomena: Interference is the effect of superposition of 2 coherent waves, diffraction is the superposition of many coherent waves. 




Diffraction
« 1-D (Linear) diffraction grating
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Presenter
Presentation Notes
Theoretically the light will be about the XZ plane. However, when the source of the light is the sun, it will be diffracted by quarter of a degree each side of the plane since the angular diameter of the sun is about half a degree. 

Off-plane diffraction: Conical diffraction

Note: Term for the 0th order = Specular order.


®
Diffraction

e Circular diffraction grating
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Presentation Notes
Have to hold the camera or your eye quite close to the cd to observe the full spectrum as the groove pitch is about 1.6 nm meaning that the longest wavelengths (red) is scattered at about 


I\_llethod

e Overview - Aim: Determine direction of the

Camerae o detec spectral propagation order (direction
diffracted light of the zeroth propagation order

' coincides with the reflected beam
from heliostat).

Receiver |

Zero Order
Reflected Light

— - Camera senses the colour of
Diffracted ~ S'"EM diffracted light from some
Light ; sty i
propagation order (1), infers
wavelength

- The light diffracted in the direction
A of the camera has a functional

diffraction relationship with the zeroth order.
grating
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Presentation Notes
The idea behind the method is that the light diffracted from the surface of a DG placed on a heliostats mirror surface is a function of how the heliostat is aimed. Therefore, once the aim if the diffracted light has been determined, then the aim of the DG (and therefore the heliostats mirror surface) can be determined. 

The aim of the method is to determine the direction of the zeroth order or reflected light vector km=0. 

Camera senses the colour of the diffracted light vector km and therefore infers the wavelength of the light. We know the diffracted vector km has a functional relationship to the zeroth order km=0.  Therefore, we can determine the direction of km=0. 

The question is, given the colour of the light sensed by the camera, how do we determine the zeroth order vector. 


Method

e Determining k,,—o:
One camera viewpoint

- 1Cameraobserves diffracted light and observes a
specific colour, inferring the wavelength

- Since the circular diffraction grating diffracts light
into a cone, there are an infinite directions for the
zeroth orderreflected beam, butis constrained to
lie on a surface of a cone with vertexangle 26 and
with axis along the camera-grating vector

- Setofallpossible incident vectors is the reflection
(Snell’s law) ofthe set of allpossible reflection
vectors and therefore also lies in a cone with angle
vertex 26. Its axis is the reflection of the camera-
grating vector,
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Method

e Determ

Two camera viewpoints

INing k,,—o:

Specialcase:Incident light, grating normaland
cameras lie in a plane.

- 2Cameraeach observes diffracted light and each
observes a specific colour,each inferring the

wavelength.

- Foreach viewpoint, there are an infinite number of
directions forthe zeroth orderreflected beam, but
is constrained to lie on a surface ofacone

- The intersection ofthe bases of the cones is the
unigue solution for the direction of the zeroth order
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Method

e Determining k,,—o:
Two camera viewpoints

Generalcase:Incident light lies in a an arbitrary plane

- The set of possible reflection vectors again lie along
the surface ofa cone foreach viewpoint, but in this
case there are two intersections.

- Therefore there isnota unique solution for the
direction of the zeroth order vector

visit concentrating.sun.ac.za
contact sterg@sun.ac.za

@STERG  }§ 4100

19182018




Method

e
~~~~~~

Determining ko
Three camera viewpoints, |

Generalcase:Incident light lies in an arbitrary plane

- Adding a third camera viewpoint will constrain the
direction of the spectralorderto a unique solution
(direction)
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Challenges and Future Work
e Determine Wavelength observed?

Hyperspectral Cameras Multispectral Cameras RGB Cameras

Tracking accuracy
required ~2 mrad

Resolve wavelength
Observed: 3 nm

FWHM
=100 nm 3 speciral bands

FWHM 100's spectral bands
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Presentation Notes
Every wavelength of visible light is perceived as a spectral color. A spectral color is a color that is evoked by a single wavelength of light in the visible spectrum, or by a relatively narrow band of wavelengths, also known as monochromatic light.

RGB Cameras are only able too detect three frequencies (bands?): A low frequency red, a mid frequency green and a high frequency blue. Therefore they are called RGB cameras, and therefore they have very low spectral resolution. 

Transforming from a given spectrum to the RGB Colour space is well defined by the standard CIE 1931 RGB color space and CIE 1931 XYZ color space


Challenges and Future Work

e Determine Wavelength observed?
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Presenter
Presentation Notes
Transforming from a given spectrum to the RGB Colour space is well defined by the colour matching functions defined by the CIE 1931 RGB color space and CIE 1931 XYZ color space, or so clled matching functions. 

But we want to go from an RGB value to a spectrum! The main difficulty in converting from RGB to spectra is that for any RGB colour there are an infinite number of spectra combinations that can produce that RGB colour. These spectra are known as metamers of each other. 


Challenges and Future Work

« Manufacture of Diffraction Gratings
— Single Point Diamond Turning
« Can achieve grating resolution, but expensive
— Photolithography
« Cheap, but can’t achieve grating resolution
— Holographic

lllllllllllll

©STERG b EHH 100

19182018

visit concentrating.sun.ac.za
sssssssssssssss



Presenter
Presentation Notes
Read the patent again on possible solutions to diffraction orders that can overlap


Conclusion

e The method ispossibly alow cost solution
for controlling heliostats

« Can control multiple heliostats
simultaneously

 Challenges:
—Resolving a wavelength
—Manufacture of circular diffraction grating?
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Thank You

CONTACT DETAILS:

mclaassen@sun.ac.za

Solar Thermal Energy Research
Group (STERG)

Stellenbosch University

South Africa
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