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• sCO2 Heat Exchanger Experiments

• AM Pin Fin Tube Designs 

• Design Performance
• Heat Transfer

• Pressure Drop

Outline
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Indirect Cycle Conditions

Low Temperature Recuperator: Low 
Pressure Outlet [1]

Cycle Condition 8

Pressure (MPa) 8.69

Temperature (K) 647

8
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AM Tube Designs

Design A B

Tube ID (inch) 0.275 0.275

𝐴/𝐴0 1.65 1.65

Ellipse Major Diameter (inch) 0.0295 0.0197

Aspect Ratio (Major/Minor) 1 1

Pin Length (inch) 0.0689 0.0689

Pins per Axial Length (#/inch) 152 229

Pin Angle From Tube Wall 30° 30°

Design A: Baseline

Design B: Smaller 
Pin Diameter
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AM Tube CT Scans

Tube Design A Tube Design BBaseline

7 mm
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Experimental Approach – Wilson Technique
(Good if HTC’s on both surfaces are very high)

Rh = 
1

ℎℎ𝐴ℎ

Rw

Rc = 
1

ℎ𝑐𝐴𝑐

𝑄 = 𝑈𝐴 𝐿𝑀𝑇𝐷

𝑅𝑜𝑣 =
1

𝑈𝐴
=
𝐿𝑀𝑇𝐷

𝑄

𝑅𝑜𝑣 = 𝑅𝑐 + [𝑅𝑤 + 𝑅ℎ]

Hot Fluid

Cold Fluid Q

𝑅𝑐, 𝑅𝑤, and 𝑅ℎ are not known. 

𝑅𝑜𝑣 can be calculated from 𝐿𝑀𝑇𝐷 and 𝑄.

𝑅𝑐 is varied by changing cold side mass flow.

𝑅𝑤 and 𝑅ℎ are held constant by controlling hot side
mass flow and average temperature.  
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Experimental Approach – Wilson Technique
(Good if HTC’s on both surfaces are very high)

Rov

Rc0

Slope = 
𝑅𝑐

𝑅𝑐0

𝑅𝑜𝑣 =
𝑅𝑐
𝑅𝑐0

𝑅𝑐0 + [𝑅𝑤+𝑅ℎ]

𝑁𝑢0 = 0.023𝑅𝑒𝐷
0.8𝑃𝑟0.4

𝑅𝑒𝐷 = 𝐺 Τ𝐷 𝜇

Plot 𝑅𝑜𝑣 = 𝐿𝑀𝑇𝐷/𝑄 as a function of 𝑅𝑐0.

𝑅𝑐0 is cold side resistance calculated 
using Dittus-Boelter Correlation.

Rc0 =
1

k

D
0.023𝑅𝑒𝐷

0.8𝑃𝑟0.4𝐴0

Slope = 
𝑅𝑐

𝑅𝑐0
=

ℎ0𝐴0

ℎ𝐴

If Slope < 1,
ℎ𝐴 > ℎ0𝐴0

If Slope > 1,
ℎ𝐴 < ℎ0𝐴0

𝑁𝑢

𝑁𝑢0
=
Rc0
𝑅𝑐

𝐴0
𝐴

Intercept = 𝑅ℎ + 𝑅𝑤
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Heat Transfer Measurement: Wilson Plot

Data points were acquired at smooth tube 𝑅𝑒 ranging from 50,000 to 250,000.
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Pressure Drop Measurement

Data points were acquired at smooth tube 𝑅𝑒 ranging from 50,000 to 250,000.
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Heat Transfer: 𝒉𝑨/𝒉𝟎𝑨𝟎

Data points were acquired at smooth tube 𝑅𝑒 ranging from 50,000 to 250,000.
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Heat Transfer: Nu/𝑵𝒖𝟎

Data points were acquired at smooth tube 𝑅𝑒 ranging from 50,000 to 250,000.

𝑁𝑢

𝑁𝑢0
=
Rc0
𝑅𝑐

𝐴0
𝐴
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Friction Factor

𝑓0 = 0.184𝑅𝑒𝐷
−0.2

𝑓 =
𝜋2

8

Δ𝑃 𝜌 𝐷5

𝐿 ሶ𝑚2

Measured Friction Factor:

McAdams Correlation: 

30k < 𝑅𝑒𝐷 < 2000k 
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CFD Validation of Tube Design B

𝑇𝑃𝐹𝐴 =
𝑁𝑢/𝑁𝑢0

𝑓/𝑓0
1
3
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The Wilson plot technique was utilized to measure the heat transfer 
coefficients in helical pin fin tubing. 

• Results for a smooth tube agreed within 5% of  the Dittus-Boelter 
correlation and within 7% of  the McAdams correlation.

• Tube side conductance increased by 282% and the heat transfer 
coefficient increased by 112% for the best performing design.

• The average friction factor increased significantly

Conclusions
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