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• Air as a HTF for a Brayton cycle. 
• Advantages 

– Free and readily available 
– Environmentally friendly 

• Disadvantages 
– Unfavourable heat transfer characteristics

• Passively enhance heat transfer with minimal pressure 
drop  

• Use of twisted tapes
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• Use of twisted tapes to break up thermal boundary layer 
and enhance heat transfer 

• Pressure drop as a consequence 
• Maximize thermal enhancement factor

𝜂𝜂 =

Nu𝑒𝑒
Nu𝑝𝑝

𝑓𝑓𝑒𝑒
𝑓𝑓𝑝𝑝

1/3

• Ad va n t a g e s  
– Ch e a p
– Ea se  o f fa b ric a t io n
– Sim p le  in se rt  
– Re lia b le  
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• Simple twisted tape 

• Various combinations of twisted tapes simulated on FLUENT

• Very high pressure drop due to a large surface area 
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• Very thin twisted tape wound in a coil form

• Modify HTT to be in the region of applied heat flux 
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• Menters SST 𝑘𝑘 − 𝜔𝜔 m o d e l 
• Sim u la t io n  p e rfo rm e d  a t  Re  = 20 0 0 0
• In c o m p re ss ib le  a ir w it h  c o n s t a n t  t h e rm o d yn a m ic  

p ro p e rt ie s  
• 𝑇𝑇𝑖𝑖𝑖𝑖 = 300K

• 𝑞𝑞 = 10000 W
m2 o n  o n e  s id e  o f t u b e  



8concentrating.sun.ac.za
sterg@sun.ac.za

visit
contact

• Design vector: 𝐱𝐱 = {𝑃𝑃,𝐻𝐻,𝑊𝑊,𝑦𝑦,𝐷𝐷, 𝛿𝛿}𝑇𝑇

• Ma xim iza t io n  p ro b le m : max 𝜂𝜂 𝐱𝐱 = −min 𝜂𝜂 𝐱𝐱
• Su b je c t  t o  c o n s t ra in t s : 

– 𝑔𝑔1 𝐱𝐱 = − 𝑃𝑃
𝐻𝐻

+ 0.75 ≤ 0

– 𝑔𝑔2 𝐱𝐱 = −𝑊𝑊
𝑦𝑦

+ 0.75 ≤ 0

– 𝑔𝑔3 𝐱𝐱 = −𝑦𝑦
𝛿𝛿

+ 4 ≤ 0

– 𝑔𝑔4 𝐱𝐱 = −𝐷𝐷 + 𝐻𝐻 + 2𝑡𝑡 ≤ 0
– 𝑔𝑔5 𝐱𝐱 = −𝑃𝑃 ≤ 0
– 𝑔𝑔6 𝐱𝐱 = −𝐻𝐻 ≤ 0
– 𝑔𝑔7 𝐱𝐱 = −𝑊𝑊 ≤ 0

• Fo r
– 12 mm ≤ 𝐷𝐷 ≤ 60 mm
– 0.4 mm ≤ 𝛿𝛿 ≤ 1.5 mm
– 𝑦𝑦 ≥ 3 mm
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• Algorithm: Spherical Quadratic Steepest Descent (SQSD) 
method 

– 𝒙𝒙𝑘𝑘+1 = 𝒙𝒙𝑘𝑘 −
𝛻𝛻𝑓𝑓(𝒙𝒙𝑘𝑘)
𝐶𝐶𝑘𝑘

– 𝐶𝐶𝑘𝑘 = 2[𝑓𝑓 𝑥𝑥𝑘𝑘−1 −𝑓𝑓 𝑥𝑥𝑘𝑘 −𝛻𝛻𝑇𝑇𝑓𝑓 𝑥𝑥𝑘𝑘 𝑥𝑥𝑘𝑘−1−𝑥𝑥𝑘𝑘 ]
∥𝑥𝑥𝑘𝑘−1−𝑥𝑥𝑘𝑘∥2

• P e n a lt y fu n c t io n  is  u se d  t o  c o n ve rt  a  c o n s t ra in e d  o p t im iza t io n  
p ro b le m  t o  a n  u n c o n s t ra in e d  o p t im iza t io n  p ro b le m

– P e n a lt y p a ra m e t e r: 𝜇𝜇 = 1000
• In it ia l d e s ig n  ve c t o r

– 𝒙𝒙𝑜𝑜 = 𝑃𝑃0,𝐻𝐻0,𝑊𝑊0,𝑦𝑦0,𝐷𝐷0, 𝛿𝛿0 = (76 mm, 38 mm, 12 mm, 3 mm, 40 mm, 0.5 mm)
• Co n ve rg e n c e  c rit e ria : 𝜂𝜂𝑘𝑘 − 𝜂𝜂𝑘𝑘−1 ≤ 1%
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• Five iterations to converge

• Final design vector: 
– 𝒙𝒙5 = 𝑃𝑃5,𝐻𝐻5,𝑊𝑊5,𝑦𝑦5,𝐷𝐷5, 𝛿𝛿5 = (360 mm, 58 mm, 54 mm, 3 mm, 60 mm, 0.4 mm)
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• Obtained a good efficiency factor 
• Current work: 

– Perform on a range of Reynolds numbers
– Compressible flow with temperature dependent properties at 

elevated temperatures and pressure

– Apply a variable heat flux: 𝑞𝑞 𝑦𝑦 = 𝑞𝑞𝑚𝑚𝑚𝑚𝑥𝑥 cos 𝜋𝜋
2

𝑦𝑦
𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚
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