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Heat exchanger performance predictions
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Engineers  are  continually  being  asked  to  increase  the  heat  transfer  performance  of  heat
exchangers, reduce energy and material consumption – these requests led to the development
of many heat transfer enhancement techniques. Passive heat transfer enhancement techniques
usually perform geometric or material modification of the heat transfer surface. In this study,
helically grooved heat exchanger tubes are investigated.

According to the literature, pressure drop and heat transfer coefficient of helically grooved
heat exchanger tubes can be estimated using experimental databases (deviation within ±20%)
[1] or well-designed RANS simulations (typically with 10% accuracy) [2]. Here we propose
more accurate predictions based on wall-resolved large eddy simulation (LES) [3].

Simulations were performed for three different Re numbers (10000, 15000 and 20000) and
Pr=5 (in accordance with measurements using water). Simulation results for smooth pipes
meshed with up to 1.3 million cells were compared to literature data with good agreement for
friction  factors,  Nusselt  numbers  and  direct  numerical  simulation  (DNS)  velocity  and
temperature  profiles.  Simulation  results  for  a  helically  grooved  tube  (60  grooves,  0.019
groove depth-to-diameter ratio and 16° helix angle, see Figure 1) meshed with up to 5 million
cells showed systematic increase in friction factors (e.g. +31.4% for Re=20000) and Nusselt
numbers (e.g. +45.1% for Re=20000) relative to smooth pipe. As an example, a smooth pipe
heat exchanger tube of 10 m length can be changed to a grooved tube of 6.9 m length while
keeping the heat duty and allowing the heat exchanger to become more compact. 
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Calculated  grooved  tube  friction  factors  were  compared  with  in-house  measurements.
Measurements indicate good agreement of LES predictions for the finest mesh with 5 million
cells: 3.2% to 4.2% difference was found between simulations and measurements. 

Figure 1: Visualization of turbulent velocity field in a helically grooved heat exchanger tube
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