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Introduction



General layout of energy conversion steps for CSP
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Receiver Modelling Steps
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Optical modelling of Scheffler
concentrator



Scheffler concentrator

32 m? fixed focus Scheffler Parabolic curve whose

concentrator installed at ICER, lateral sections forms
IISc. part of Scheftfler dish.
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Ray Tracing Analysis

Assumptions: Scheffler surface reflects

specularly with surtace slope error of 5 mrad
and 4 < a.

Rays terminate at the cavity surface.

dk dw dq
ing Equation: — = — —; — =
(;ovemmg quation: — 50 0 at
w

E; k = wave vector, q = position vector.



Time=6.6713E-8 s Ray trajectories
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Ray tracing with 10°rays from Scheffler surface with slope
error 5 mrad onto the receiver cavity surface.

10-08-2018 Indian Institute of Science 9



m

Time=6.6713E-8 s Surface: Boundary heat source (W/m?)
-0.2 0 0.2

W/m?
A 234x10°
x10°

0.2

1.5

0.5

Flux map on the cavity surface
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Cavity-air-receiver modelling



Heat transfer mechanism in cavity receiver

Tsotia # Triuia Porous absorber

Air inlet

"
q incident

Air outlet
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Receiver Loss modelling

Natural convection loss from cavity surface : Modelled using Stine and

McDonald[1] correlation for Nusselt number,
1

Nu = 0.088 x* GTLE % (;_W)O.18 % 60592'47* (Daperture)s

L

s = 112 - 0.082%(2priurey

Emissivity of the stainless steel surface coated with selective coating is assumed
0.3]2] to model the reradiation loss from the heated cavity surface.

[1] Leibfried, U., & Ortjohann, J. (1995). Convective Heat Loss from Upward and Downward-Facing Cavity Solar Receivers: Measurements and
Calculations. Journal of Solar Energy Engineering, 117(2), 75. https://doi.org/10.1115/1.2870873
2] https://www.solec.org/wp-content /uploads/2014/02/SOLKOTEbrochure.pdf



https://doi.org/10.1115/1.2870873

Porous Medium Modelling

 The porous medium is assumed to be homogeneous and isotropic in
nature.

* The flow through porous medium is modelled using Brinkman
equations with specified Forchheimer drag coefficient|3].

* Local thermal non-equilibrium model is used for modelling heat
transfer in the porous medium.

e The interstitial heat transfer coefficient, hS£ is obtained from the
correlation, Nugs = 1.5590 + 0.5954Reg'56 6 pr04720

Hischier, I. (2012). Experimental and Numerical Analyses of a Pressurized Air Receiver for Solar-Driven Gas Turbines. Journal of Solar Energy Engineering,
134(2), 021003. https://doi.org/10.1115/1.4005446



Governing Equations
Continuity equation: V. (pu) =0

Momentum equation: & (u. V)u = [—pl + = (Vu+ (Vu)T)] — (E + Bplul) u
Ep Ep K

Solid phase energy equation: V. (HkaVTS) +hgs (Tf — TS) =0

Fluid phase energy equation: e,pc,us. VIg = V. (epkaTf) + hy(Tg — Tp)



Validation

e COMSOL Multiphysics model is validated
against two dimensional axisymmetric model of
a 1.32kW cavity receiver done by Hischier et
al.

* Pressure drop values are underpredicted by
about 50% but is within the experimental error
bar value while outlet air temperatures are
overpredicted by about 15%.

Hischier, I. (2012). Ezperimental and Numerical Analyses of a Pressurized Air Recewer for Solar-Driven Gas Turbines. Journal of Solar Energy Engineering, 134(2), 021003.
https://doi.org/10.1115/1.4005446
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2D-Axisymmetric Ray Tracing

Time=3.3356E-9 s Ray trajectories
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Porous solid and air temperature distribution
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Mass flow rate vs Pressure drop
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Outlet air temperature vs mass flow rate
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Results and Conclusions



Temperature distribution in the receiver
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Temperature vs mass flow rate plot
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Conclusions

Coupled optical-CFD/CHT analysis is carried out for
10kW cavity-air-receiver at 20bar absolute pressure.

Modelling the flow and heat transter through the
porous domain provides guidelines for the receiver
absorber design.

Porous absorber should have thermal conductivity
which decreases as temperature increases.

Radiation transport in the porous domain becomes
dominant at higher temperatures.



Receiver and Test Rig
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