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Large industrial pumps are extensively relied on in many industrial applications. Many of these 

pumps require cooling of their bearing oil for uninterrupted use. The fin structure in current 

commercial oil cooling systems is restricted to simple configurations imposed by traditional 

manufacturing processes. Recent strides in additive manufacturing have reached a point where 

printings of metal alloy structures with widths of 0.04’’ are now possible with supporting fin 

structures. This recent innovation in manufacturing technology allows for novel fin design 

beyond the capabilities of previous fabrication techniques. This study focuses on incorporating 

this new technology into the production of heat exchanger pipe sections for large industrial 

pumps and testing the potential performance with a Test Rig.  

 

The Test Rig consisted of a hot liquid reservoir, maintained at a constant temperature of 200
o
F. 

This testing apparatus included temperature and pressure sensors on either side of a detachable 

heat exchanger section that is exposed to forced air convection at 8.94 mph. The resulting fluid 

flow rate through the Test Rig was measured as 1.064 gallons per minute (gpm).  

 

An extensive external search was conducted in order to find the most successful internal and 

external fin concepts. From this external search, two heat exchangers were designed that 

combined the most promising concepts. The first design, Sputnik, has internal and external pin 

fins that are connected through the tube. This concept originated from a report that concluded 

matching internal and external geometries increased heat transfer with respect to separated fins 

with dissimilar geometries. The second design, Teardrop, had a fin thickness and unique pattern 

that maximized the surface area to volume ratio that leads to increased heat transfer. The major 

advantage of Teardrop’s design was a maintained intact boundary layer across the heat 

exchanger. It was later discovered that these heat exchangers were not able to be produced with 

the powder metallurgy process. The thin walls would have collapsed during production. An 

alternative process, like laser sintering, could have been used but at a much higher cost.  

 

A solution to the manufacturing limitation was resolved with the lattice fin structure heat 

exchanger. The fins supported the thin walls while also aiding in heat transfer. Within the heat 

exchanger two channels transport the hot working fluid across the heat exchanger’s length. The 

channels have a high aspect ratio which drive the flow to the laminar regime and reduce 

conduction dependence within the fluid. The result of this geometry forces the Nusselt number to 

a constant value which is dependent on the thermal boundary conditions, and not the Reynolds 

number. Providing a small hydraulic diameter will then force a high convection coefficient 

within the channels, greatly increasing heat transfer. The external lattice fin structure induces 

mixing on the external surface of the heat exchanger, thereby increasing heat transfer. Due to the 

complexity with which this occurs it would be difficult to correlate a heat transfer coefficient to 

the specificities of the flow. One thing that can be determined is that qualitatively the fins see a 

low efficiency. The heat exchanger was able to dissipate 710 watts from a water flow through the 

test loop; this is three times more effective than tested annular fin heat exchanger. 

 



Table 1Test Results of the Heat Exchanger fabricated by ProMetal 

Test Results 

  Water in 
Water 

Out 
Unit 

Temp C 92.02 91.7 C 

Temp K 365.17 364.85 K 

Cp 4.2135   kJ/kg*K 

Density 960.6148   kg/m^3 

Mass 

flow 
0.085979   kg/s 

Q 115.9277   Watts 

 

 

Figure 1Final Heat Exchanger fabricated by ProMetal using additive manufacturing 

 

 

Figure 2 Front View of the Test Rig 

 

Figure 3 Rear View of the Test Rig 


