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Open Volum et ric Air Receiver (OVAR) 

Source: (Fend 2010) 

• Highly porous st ruct ure 
absorb concent rat ed solar 
rad iat ion 

• Am bient  air sucked t hrough 
absorber and heat ed 

• Advant ages? 
– Sim ple design & HTF 

• Dif f icult ies? 
– Poor heat  t ransfer 

charact erist ics of  air 
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• Conical shaped packed bed 
of  rock 

• Charging condit ions: 
– Am bient   air  
– 550  êC – 600  êC 

• Current ly uses gas- burner 
t o heat  up air 

• Locat ed at  SUNREC w here 
Helio100  is also inst alled 

 

Rock- bed t herm al energy st orage syst em  

Source: (Laubscher, 2016) 
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• Design and develop a prot ot ype of  an OVAR t o charge t he RBS 
syst em  

 
• Key considerat ions : 

– Sim ple and cost  ef fect ive design 
– Use local m at erials and m anufact uring 

 
• First  st ep : Ident ify suit ab le absorber m at erial and a scalab le 

receiver design 
– Based on operat ing condit ions – m et allic absorber 
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• Gradual porosit y w ire m esh 
absorber 

• M odular cup based on HiTRec 

• St ainless st eel 316 

• M esh propert ies: 

 

Absorber m odule 

M6 M12 M24 

Wire diam [mm] 0.9 0.55 0.37 

Aperture [mm] 3.33 1.57 0.69 

Open area ratio 0.62  0.55  0.42  

 M6                         M12       M24 

110 x 110 mm 
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Test  Set up 

Absorber 

Cup 

Housing 

RBS 

Venturi 

Fan inlet 

• Com ponent  layout  based on previous 
design 

• Housing used t o sim ulat e ad jacent  
cups and for insulat ion 

• RBS included t o cool dow n air before 
fan inlet   

• Vent uri f low m et er used t o m easure 
f low rat e of  air t hrough receiver 

• Variab le speed fan t o cont rol f low rat e 
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• M edium  f lux concent rat or 
– 152 m irrors,  100  x 100  m m  e a c h  
– Co n c e n t ra t io n  ra t io  =  71.9  
– P o A = 8 26  W w it h  DNI = 950  W/ m 2 
 

• Diffe re n t  m e sh  c o n fig u ra t io n s  
– (5/ 10 / 10 ); (5/ 5/ 5); (6 / 4/ 2) e t c . 

• Diffe re n t  a ir flo w ra t e s  
– Fro m  0 .0 0 10  kg / s  t o  0 .0 0 14 kg / s  

• Diffe re n t  w e a t h e r c o n d it io n s  
– DNI, w in d  sp e e d  

 
 

Te s t  Co n d it io n s  
Receiver 

Fan 
Heliostat field 
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M_front

M_middle

M_back

Air_Tout

mdot

• (6/ 4/ 2) m esh conf igurat ion 
Tem perat ure M easurem ent s 

Dat e:  6 June 2017 
DNI = 775 ë  8  W/ m 2 

Avg . Te m p e ra t u re  = 22 êC 
Avg . Win d  sp e e d  = 3.1 m / s  
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Perform ance 
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• Therm al im ages only used t o see 
t em perat ure d ist ribut ion over m esh 

• Volum et ric ef fect  support ed 

• Gaussian f lux d ist ribut ion visib le 

Therm al cam era 
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𝐼𝐼𝑠𝑠(𝑥𝑥,𝑦𝑦) = 𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  𝑒𝑒
− 𝑥𝑥2+𝑦𝑦2

2𝜎𝜎2  
 

𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖 =  � � 𝐼𝐼𝑠𝑠(𝑥𝑥,𝑦𝑦) · 𝑑𝑑𝑥𝑥 · 𝑑𝑑𝑦𝑦
𝑥𝑥
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𝑦𝑦

−𝑦𝑦
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• M esh oxid izat ion 
-   Darker colour, less ref lect ion 

• Environm ent al inf luences 
- Wind clearly have m ajor inf luence on perform ance 

• Test  set up design and operat ion 
- Easy t o t est  d if ferent  absorbers 
- Allow  fut ure opt im izat ion it o ARR and ot her absorber m at erials 

Observat ions during t est ing 
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• OVAR concept  w as developed and t est ed on an experim ent al 
set up 

• Gradual porosit y w ire m esh proofed t o be a suit ab le volum et ric 
absorber for t he purpose of  charging t he rock- bed st orage 

• M odular cup design proofed t o have several advant ages 

• Next  st ep  w ill be t o: 
– Test  a sm all receiver w hich consist  of  m ore t han one of  t hese cups 
– Furt her opt im ize m esh conf igurat ion 
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• (5/ 10 / 10 ) m esh conf igurat ion 
Tem perat ure M easurem ent s 

Dat e:  28 April 2017 
Avg. DNI = 662  W/ m 2  (730   W/ m 2)   

Avg . Te m p e ra t u re  = 28  êC 
Avg . Win d  sp e e d  = 2.98  m / s  
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• (6/ 4/ 2) m esh conf igurat ion 
 
 
 
 
 
M easured 
 
 
 
 
 
Calculat ed 

Quasi st eady st at e 

Flowrate 1 

mdot kg/s 0.001501 

T_out °C 405.75 

T_front °C 529.80 

T_amb °C 21.73 

DNI W/m2 785.85 

PoA * W 678.93 

Q_out W 582.52 

Efficiency % 85.80  

PoA/mdot kJ/kg 452.37 

𝑄𝑄𝑜𝑜𝑜𝑜𝑜𝑜 = �̇�𝑚 · 𝑐𝑐𝑝𝑝 · 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎  

𝜂𝜂𝑜𝑜𝑡 =  𝑄𝑄𝑜𝑜𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑃𝑃�  

* Po A = Po w e r o n  Ap e rt u re  

𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐷𝐷𝐷𝐷𝐼𝐼 × 𝑐𝑐 × 𝑃𝑃𝑟𝑟𝑝𝑝𝑖𝑖 
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• Tem perat ure: 
– Therm ocoup les 

• 8 Type K (no. 1 -  8) 
• 6 Type T (no. 9 -  12) 

– Therm al cam era 

• Flow  rat e: 
– Pressure t ransducer  

• Weat her: 
– Sonbesie w eat her st at ion, roof  of  

M &M  
 

M easurem ent s 
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