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Introduction 
Measurement techniques 

Technology Measurands Lab ? Field ? Systems 

Steady-State  

Heat Loss Balance 
𝑄 𝑙𝑜𝑠𝑠 (W),𝑞  ’ 𝑙𝑜𝑠𝑠 (W/m) DLR (Thermorec), CIEMAT (Heatrec) 

CENER, NREL, IEECAS, Abengoa 

 

 

Passive Infrared Thermography 

 

Tabs (°C),  

Tglas (°C) 

DLR (Qfly Thermo), 

CIEMAT (Quadcopter), 

NREL (Thermal Scout),  

Abengoa (Thermohook), 

IK Techniker (Mainbot) 

Microwave Induced Plasma  

Analytical Spectroscopy 

Vacuum quality 

(H2?, pressure) 

NREL, Abengoa 

 

Optical characterization 

 

αs,τ, εth (%) 

DLR (Optirec), 

Abengoa (Mini Incus), 

CIEMAT, CENER, NREL 

Transient Infrared Thermography, 

Inverse Heat Transfer Analysis 

εth (%),hann (W/m2.K) 

 𝑞  ’ 𝑙𝑜𝑠𝑠 (W/m) 

 

DLR 

Heat Flux Sensors 𝑄 𝑙𝑜𝑠𝑠 (W),𝑞  ’ 𝑙𝑜𝑠𝑠 (W/m) DLR 
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Heat Loss Balance 
Receiver Heat Loss Terms 

• Overall Heat Loss: 𝑄 𝑙𝑜𝑠𝑠(W) 

 

• 𝑄 𝑙𝑜𝑠𝑠 = 𝑄 𝑙𝑜𝑠𝑠,𝑎𝑏𝑠−𝑔𝑙 + 𝑄 𝑟𝑎𝑑,𝑎𝑏𝑠−𝑎𝑚𝑏+ 𝑄 𝑙𝑜𝑠𝑠,𝑏𝑒𝑙𝑙𝑜𝑤𝑠 

 

 

• 𝑄 𝑙𝑜𝑠𝑠,𝑎𝑏𝑠−𝑔𝑙 = 𝑄 𝑟𝑎𝑑 𝑎𝑏𝑠−𝑔𝑙 + 𝑄 𝑎𝑛𝑛,𝑎𝑏𝑠−𝑔𝑙 
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Selective coating 

(Thermal emittance) 
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(10-3 mbar: < 1W) 
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“Spectral leakage” 

Glass semi-transparent 

Selective coating 

(Thermal emittance) 

Vacuum quality 

(10-3 mbar: < 1W) 

“Thermal bridges” 

Bellow losses 

• 𝑄 𝑟𝑎𝑑,𝑎𝑏𝑠−𝑎𝑚𝑏 

• 𝑄 𝑙𝑜𝑠𝑠,𝑏𝑒𝑙𝑙𝑜𝑤𝑠 
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Heat Loss Balance 
Specific Heat Losses and Fluxes 
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Laboratory Setup 
Receivers and Shields 

• Case 1: Bellow expansion 
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• Case 2: Bellow compression 

SolarPACES 2017, Santiago, Chile; September 28th 2017 



Laboratory Setup 
Heat Loss Test Bench 
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Laboratory Setup 
Infrared camera 

• Infrared camera:  

• Image IR8380 (Infratec GmbH) 

• Solar blind, filter wheel 

• Focus: glass envelope 

• Homogeneity ? 

• Thermal bridges ? 
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Laboratory Setup 
Heat Flux Sensors 

• Glass envelope: CAPTEC (FR) 

 

 

 

 

 

• First measurement setup 
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• Bellows/Shields: GreenTEG XP (CH) 

 

 

 

 

 

• Second measurement setup 
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Laboratory Setup 
Heat Flux Sensors 
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New! 
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Experimental Results 
Comparison of Receivers 
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• Overall heat loss: 

• 𝑄 𝑙𝑜𝑠𝑠,𝑇ℎ𝑒𝑟𝑚𝑜𝑟𝑒𝑐 ≅ 𝑄 𝑙𝑜𝑠𝑠,𝑔𝑙𝑎𝑠𝑠,𝐻𝐹 + 𝑄 𝑙𝑜𝑠𝑠,𝑠ℎ𝑖𝑒𝑙𝑑,𝐻𝐹 

• Agreement within +/- 5 % (* setup #1) 

• (*): Assumption: Homogeneous heat flux 

distribution around receiver circumference 

 

• Specific heat loss: 
• Trend: 𝑞 ′𝑙𝑜𝑠𝑠 > 𝑞 ′𝑙𝑜𝑠𝑠,𝑔𝑙𝑎𝑠𝑠  

• Shielded bellows: 3-4 % receiver lentgth… 

• … Contribution to receiver heat loss: 5 to 15 % 

• More pronounced at lower absorber temperature 

 

• Heat flux comparison: 

• Separation of glass envelope and shielded bellows 

• Local fluxes are not equal, but higher at bellows 
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Experimental Results 
Comparison of Receivers 
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Experimental Results 
Measurement Setup Analysis 

• First measurement setup 

 

 

 

 

 

 

• Second measurement setup 
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Conclusion & Outlook 

• Laboratory experiments: 

• Overall heat loss: 
• Thermorec vs. HF: Agreement within +/- 5% (*) 

• Homogeneous HF distribution over circumference 

• Higher deviation with second measurement setup 

 

• Specific heat loss: 
• Trend: 𝑞 ′𝑙𝑜𝑠𝑠 > 𝑞 ′𝑙𝑜𝑠𝑠,𝑔𝑙𝑎𝑠𝑠  

• Shielded Bellows: 3-4% Receiver Length… 

• … 5 to 15% of Receiver Heat Loss 

• More pronounced at lower absorber temp. 

 

• Heat flux comparison: 

• Separation of glass envelope and shielded bellows 

• Higher heat fluxes are observed at bellows 
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• Outlook in the field: 

 
Realistic adiabatic conditions at end faces 

 

Homogeneous flux distribution ? 

Are sensors and cabling robust enough ? 

 

Signal sensitive to wind gusts, more noise 

 

HF sensors + IR thermography =  

complementary tools to investigate odd receivers 
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Thank you for your attention! 

 

 

 

 

M.Sc. Simon Caron 

simon.caron@dlr.de 

German Aerospace Center (DLR e.V.) 

Institute for Solar Research, Almeria, Spain 

 

• Financial support from the German Federal Ministry for Economic Affairs and Energy (BMWi) is gratefully acknowledged 

(QUARZ-Zert project, Contract n°0325712). 

DLR.de  •  Chart 20 SolarPACES 2017, Santiago, Chile; September 28th 2017 


