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H2

℃

H2

𝑝𝑥 𝑝𝑦

𝑝𝑧

𝜂𝑇ℎ𝑒𝑟𝑚𝑎𝑙 =
𝑞𝑆𝑜𝑙𝐴𝑏𝑠 − 𝑞𝑇ℎ𝑒𝑟𝑚𝑎𝑙𝐿𝑜𝑠𝑠,𝑔

𝐴𝐺𝑠

                                        (1)

𝑞𝑆𝑜𝑙𝐴𝑏𝑠 − 𝑞𝑇ℎ𝑒𝑟𝑚𝑎𝑙𝐿𝑜𝑠𝑠,𝑔

𝑞𝑆𝑜𝑙𝐴𝑏𝑠 −  𝑞𝑇ℎ𝑒𝑟𝑚𝑎𝑙𝐿𝑜𝑠𝑠,𝑔 =  𝑞𝑟𝑎𝑑−𝑎−𝑔 +  𝑞𝑐𝑜𝑛𝑣−𝑓𝑙𝑢𝑖𝑑    

                                                  − 𝑞𝑟𝑎𝑑−𝑔−𝑠𝑘𝑦 − 𝑞𝑐𝑜𝑛𝑣−𝑔−𝑎𝑖𝑟      (2)

(1) (2)

 

 

  

 

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



μ 400 ℃

600 ℃

𝐴𝑙2𝑂3 − 𝐶𝑟 𝐶𝑟2𝑂3 − 𝐶𝑟

  

 

 

  

 

 

  

  

  

 

 

  

 

 

 

 

 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 



𝐴𝑙2𝑂3 − 𝐶𝑟 𝐶𝑟2𝑂3 − 𝐶𝑟

400 ℃ 𝐶𝑟2𝑂3

𝛼 = 𝜀

100 ℃

100 ℃

100 ℃

𝐶𝑟2𝑂3

 

𝐶 𝑂3

250 ℃ − 300 ℃

            

            

            

          

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 



  

μ

(1)

(2)

𝑞𝑟𝑎𝑑−𝑎−𝑔 = 𝜀𝑎𝜎(𝑇𝑠,𝑎
4 −  𝑇𝑔,𝑠

4 )                                                      (3)

𝑞𝑐𝑜𝑛𝑣−𝑎−𝑎𝑖𝑟

 

 

 

 

 

 
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𝑞𝑟𝑎𝑑−𝑔−𝑠𝑘𝑦 = 𝜀𝑔𝜎(𝑇𝑔,𝑠
4 − 𝑇𝑠𝑘𝑦

4 )                                                   (4) 

 

 

 

             

            

            

  

 

 

 

  

 

 

  
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

𝟏𝟏 𝒄𝒎𝟔. 𝟓𝟔 𝒄𝒎

 

 7 𝑐𝑚

𝟖𝟑𝟔 𝑾
𝒎𝟐⁄(𝐺𝑠) 25 𝑚 × 4.3 𝑚

(𝐴𝑎)

  12.5 𝑐𝑚

 

 
 

 

 

 
Heat Resistance 

Temperature (K) 

Absorptivity (α) Emissivity (ε) Selective Coating 

873 K 0.92 0.15 Deposited Black 

Chrome 

1600 K 0.99 0.99 Deposited Graphene 

Nanostructure  



509 
𝐽

𝑘𝑔 ℃⁄ 1150 
𝐽

𝑘𝑔 ℃⁄

  

509 
𝐽

𝑘𝑔 ℃⁄ 1150 
𝐽

𝑘𝑔 ℃⁄

840 
𝐽

𝑘𝑔 ℃⁄ 830 
𝐽

𝑘𝑔 ℃⁄

(1) (4)

   

 

 Coefficient of 

Linear 

Thermal 

Expansion 

Maximum 

Operating 

Temperature 

Knoob 

Hardness 

Bending 

Strength 

Impact 

Resistance 

Pyrex 3.3 
× 10−6  𝐾−1 

500 ℃ for 

short-term usage 

480 24 𝑀𝑃𝑎 Depends on:1 

BOROFLOAT 33 3.25 
× 10−6  𝐾−1 

500 ℃ for 

short-term usage 

(< 10 ℎ) 

and 

400 ℃ for long-

term usage (≥
10 ℎ) 

480 25 𝑀𝑃𝑎 Depends on:2 

. 

 

 

Electromagnetic Spectrum Wavelength Region 

UV 290 nm – 400 nm 

Visible 400 nm – 750 nm 

 

 

IR 

Reflected IR NIR 750 nm – 1.4 μm                      

SWIR 1.4 μm – 3 μm                         

Thermal IR MWIR 3 μm – 8 μm                           

LWIR 8 μm – 15 μm                          

FIR 15 μm – 1 mm      

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 

  

 

  

 

 

 

  
 

 



 

 

μ

𝐴 (𝑚2)

𝐶𝑉𝐷

𝐺𝑠 (𝑊
𝑚2⁄

𝑞𝑐𝑜𝑛𝑣−𝑎−𝑎𝑖𝑟

(𝑊)

𝑞𝑐𝑜𝑛𝑣−𝑓𝑙𝑢𝑖𝑑

(𝑊)

𝑞𝑐𝑜𝑛𝑣−𝑔−𝑎𝑖𝑟

(𝑊)

𝑞𝑟𝑎𝑑−𝑎−𝑔

(𝑊)

𝑞𝑟𝑎𝑑−𝑔−𝑠𝑘𝑦 (𝑊)

𝑞𝑆𝑜𝑙𝐴𝑏𝑠 (𝑊)

𝑞𝑇ℎ𝑒𝑟𝑚𝑎𝑙𝐿𝑜𝑠𝑠

 

 
 

  

 

 

 

 

 

  

  
 

 

 

 

 

 

 

 

  

 

𝜼𝑻𝒉𝒆𝒓𝒎𝒂𝒍 𝒒𝒄𝒐𝒏𝒗−𝒈−𝒂𝒊𝒓 𝒒𝒓𝒂𝒅−𝒈−𝒔𝒌𝒚 𝒒𝒄𝒐𝒏𝒗−𝒇𝒍𝒖𝒊𝒅 𝒒𝒓𝒂𝒅−𝒂−𝒈  

Internally 

Finned or 

Ribbed 

Tube 

Corrugated 

Tube 

Twisted 

Tape 

Inserts 

Internally 

Finned or 

Ribbed 

Tube 

Corrugated 

Tube 

Twisted 

Tape 

Inserts 

0.59 0.46 0.58 28.63 
 𝑊 𝑚2⁄  

162.52  
𝑊

𝑚2⁄  

485.76 
 𝑊 𝑚2⁄  

184.75 
 𝑊 𝑚2⁄  

276.895  
𝑊

𝑚2⁄  

397.52  
𝑊

𝑚2⁄  

Current 

Status of 

Absorber 

Tube 

0.97 0.61 0.72 28.63 
 𝑊 𝑚2⁄  

73.65  
𝑊

𝑚2⁄  
485.76 
 𝑊 𝑚2⁄  

184.75 
 𝑊 𝑚2⁄  

276.895  
𝑊

𝑚2⁄  
434.76  
𝑊

𝑚2⁄  

Absorber 

Tube with 

New 

Materials 

 

 

 

 

 

 

 

     

 

 

 

 



 

𝑇𝑔,𝑠 (℃)

𝑇𝑠,𝑎 (℃)

𝑇𝑠𝑘𝑦

𝜀𝑎

𝜀𝑔

𝜎 (5.67 ×  10−8  𝑊 𝑚2𝐾4⁄ )

𝐹𝐼𝑅

𝐼𝑅

𝐿𝑊𝐼𝑅

𝑀𝑊𝐼𝑅

𝑁𝐼𝑅

𝑆𝑊𝐼𝑅

𝑈𝑉
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