ThIS paper describes objective technical results and analysis. Any subjective views or opinions.that might'be expressedin SAND2022-5007C

ASME 201 8 ]2th In te]/n E/F;er do not necessarily represent the views of the U.S. Department of Energy or the United States|Government.
Conference on Energy Sustainability
June 26", 2018

ON-SUN TESTING OF A HIGH
TEMPERATURE BLADED SOLAR
RECEIVER AND TRANSIENT EFFICIENCY
EVALUATION USING AIR

Authors

Jesus Ortega, Sagar Khivsara, Joshua Christian, Pradip
Dutta, and Cliffor

- — —  @ENERGY NISA

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering/Solutions of Sandia, LLC, a wholly.owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration/under contract' DE-NA0003525.



21 Agenda

2 o

Introduction

Experimental Details

Optical and CFD Modeling Details
Modified Efficiency Methodology
On-sun Testing Results

Conclusions and Future Steps




Ion

Introduct

__.—r.: TR
WA

W

P LLAE T
14#..1&3_::?‘ tihlh_l sEsug N
‘ﬁﬁfiﬁ“#‘.*“*“ i_‘ 'l At LI n » [

(et thb et 8y e tpnnnny SNy
...1_3_11.-_.:‘11: .-.‘l P Y
‘_“._Iii.ll_.lll l'
L] . 1% fl

[
hutﬁt‘i‘i.‘ LTS

.11-..?1....& 1111_-_-...:

Bpbdppg #o,%am % n Ny,
TSI U

-ts_-_ms-_ti-:: v &
Hhbpy # a® ,_...._.:..,
...._, ik

(AR A1

FrE by _7_1_
b




4| Introduction

= Concentrating solar receivers typically use coatings to enhance solar
absorptance.

= Coatings degrade and need to be re-applied periodically, which affects
performance and increases O&M cost.

= Conventional solar receivers are cylindrical or cubic.

Crescent Dunes Receiver lvanpah Receiver




5 1 Previous Work

= 2016: we completed the design and manufacturing of a Bladed Gas Tubular
Receiver and we performed the first set of on-sun receiver tests using air




On-sun Test Details

Calibration

Manifold regulator for gas supply Pressurized gas supply (18 bottles)




On-sun test Procedure

= Initially, receiver is carefully preheated with no flow.
= The flow is enabled and the preheating flux is swapped for the test flux

= The on-sun test takes place for 12-15 minutes before the cool down
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s I Optical and CFD Modeling Details

Ray tracing performed in SolTrace to
produce heat flux profiles
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Modified Efficiency Methodology

= For our receiver, the steady state efficiency can be calculated at any
time by accounting for the heat absorbed by the gas as:
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= However, the insulated sections of the receiver that are not directly
heated and they absorb part of the heat absorbed by the fluid.

= To account for the heat absorbed by the insulated regions, we propose a
modified efficiency calculation at every time-step that considers the
isothermal temperature increase of these regions as part of the heat
absorbed by the fluid.
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fied Efficiency Methodology

.count for the heat lost to the insulated sections, the heat transfer

ient (HTC) was modeled as a function of temperature for a mass
----- vate of 15 g/s.

. 'le average HTC over the entire region was modeled across a range of
temperatures and two flow directions for the two panel types.
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111 On-sun Testing Results

= The modified efficiency calculation proposed yields a receiver efficiency
which is ~5% greater than the standard method.

= While the tests exhibit a highly transient behavior, this efficiencies are
conservatively below the steady-state efficiency.
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12 1 Conclusions and Future Steps

=A modified efficiency methodology to calculate the receiver efficiency by
accounting for the transient nature and heat transfer to the header was
presented.

*The bladed receiver was successfully demonstrated to deliver air at an
outlet temperature up to 500 °C at an efficiency >50 % and the
computational model limitations and similarities to the experiment were
established in this work.

*The low thermal efficiency can be attributed to the low heat fluxes and
the transient nature of the tests which do not achieve steady state
operation.

=We have recently completed the on-sun evaluation of the bladed receiver
using Nitrogen, Argon, and a Nitrogen-Argon mixture which shows
efficiency increases of ~ 5-8% compared to Air.

= The scalability of these results to higher power levels will be analyzed in
the upcoming work.
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14 1 Back-up Slides




Save CAD geometry as an STL
file.

Vv

MATLAB: Pre-process STL file
into a Stage file for SolTrace.

Vv

SolTrace: Perform ray tracing
using the heliostat field or solar
furnace ideal models from
NSTTF.

Vv

MATLAB: Post-process ray data

file to create 2-D heat flux maps.

V

FLUENT: Heat flux profiles can
be imported to be used as
boundary conditions.




16 I Pipe Design

= The tubes and inlet/outlet pipes were selected to be made out of 2" (12.7 mm
O.D.) Inconel 625 tube and %" (1.05” or 26.67 mm O.D.) Inconel 625 pipe

= The same design conditions are used in the tube and pipe

Back Panels (13 tubes) Fin Panels (9 tubes)




171 Header Modeling

= The average HTC over the entire zone was modeled across a range of
temperatures and two flow directions for the two header types.

= Heat transfer coefficient contours on a center plane across a back
header with an Air inlet flow rate of 15 g/s at 293 K and 250 kPa.
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