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Outline



➢flexible and efficient 25 MWe sCO2 brayton

cycle
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Motivation
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Variabel fluid properties near the critical point of CO2

• Design point

• pin = 81 bar, 

• Tin = 62°C, 

• Tout = 33°C

• Variable fluid 

properties influence

local heat transfer

Tout = 33°C

Outlet

Inlet

Tin = 62°C
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Aim of work

• Experimental cooling heat transfer and pressure drop in 2 mm single channel flow

• recommendation of heat transfer correlation to be used for design of compact HX

Compact HX, IKE, Stuttgart Plate and Fin HX, Fives Cryo, France
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Deteriorated and enhanced heat transfer in vertical sCO2 cooling flow
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Literature Review

• Jackson (1979)

•
𝐺𝑟

𝑅𝑒2.7
> 10−5

• 𝐺𝑟 =
(𝜌𝑏−ഥ𝜌)∙𝜌𝑏∙𝑔∙𝑑

3

𝜂𝑏
2

• Evaluation of ratio: 
𝑁𝑢𝑒𝑥𝑝

𝑁𝑢𝐹𝐶

• NuFC = 0.0183 𝑅𝑒𝑏
0.82𝑃𝑟𝑏

0.5 𝜌𝑏

𝜌𝑤

−0.3

• Bruch (2008) 

• D = 6 mm
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Experimental setup for cooling heat transfer (I) 
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Experimental setup for cooling heat transfer (II) 
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Experimental matrix

CO2

temperature pressure mass flux

[°C] [bar] [kg/m²s] [g/s]

51-20 80 141 1

177 1,25

212

283

354

1,5

2,0

2,5

flow 

orientation

number of 

experiments

upwards 45

downwards 159
= 204
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Data reduction

1. transfered heat

ሶ𝑄𝐶𝑂2 = ሶ𝑚𝐶𝑂2 ∗ ℎ𝑖𝑛 𝑇𝑖𝑛, 𝑝𝑖𝑛 − ℎ𝑜𝑢𝑡 𝑇𝑜𝑢𝑡 , 𝑝𝑜𝑢𝑡

ሶ𝑄𝑐𝑜𝑜𝑙 = ሶ𝑉 ∗ 𝜌 ∗ 𝑐𝑝 ∗ (𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛)

2. heat flux

ሶ𝑞𝐶𝑂2 =
ሶ𝑄𝐶𝑂2
𝜋𝑑𝐿

3. fluid- and tube temperatures

𝑇𝐶𝑂2,𝑏 =
𝑇𝐶𝑂2,𝑖𝑛 + 𝑇𝐶𝑂2,𝑜𝑢𝑡

2

𝑇𝑡 =
σ𝑖=1
12 𝑇𝑡,𝑖
12

, 𝑇𝐶𝑂2,𝑤 = 𝑇𝑡 + ሶ𝑞𝐶𝑂2 ∙
ln(

4 𝑚𝑚
3 𝑚𝑚

)

2𝜋𝐿𝜆

4. heat transfer coefficient

ℎ𝑡𝑐𝐶𝑂2 =
ሶ𝑞𝐶𝑂2
Δ𝑇

Δ𝑇𝑎𝑣𝑒 = 𝑇𝐶𝑂2,𝑏 − 𝑇𝐶𝑂2,𝑤

Δ𝑇𝐿𝑀𝑇𝐷 =
𝑇𝑖𝑛 − 𝑇𝐶𝑂2,𝑤,1 − 𝑇𝑜𝑢𝑡 − 𝑇𝐶𝑂2,𝑤,12

ln(
𝑇𝑖𝑛 − 𝑇𝐶𝑂2,𝑤,1
𝑇𝑜𝑢𝑡 − 𝑇𝐶𝑂2,𝑤,12

)



19/09/2019University of Stuttgart 12

Experimental system validation 
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Heat transfer in the upwards flow
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Heat transfer in the downwards flow
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direct comparison of up- and downwards flow
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direct comparison of up- and downwards flow
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Influence of mixed convection
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Comparison with literature data
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Conclusion

❑204 experiments performed at IKE, University of Stuttgart

• Well known criterion were used to evaluate the heat transfer in vertical flow orientation 

• Heat transfer deterioration was significant at low mass fluxes

• Deterioration ( 
𝑁𝑢𝑒𝑥𝑝

𝑁𝑢𝐹𝐶
< 1)  at higher values of 

𝐺𝑟

𝑅𝑒2.7
in comparison with literature data

❑Outlook:

• Experimental investigations of different tube diameters

• Adaptation of criterion 
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