A COMPARISON OF CRUDE OIL FOULING USING TWO DIFFERENT LABORATORY TEST UNITS
A.P. Watkinson

Department of Chemical and Biological Engineering, The University of British Columbia, Vancouver, British Columbia, Canada

A number of different rigs are available to assess crude oil fouling.  In this research, fouling of three sour Western Canadian crude oils of significantly different viscosities are compared, using two commercially available devices.  Both are electrically heated annular probes but have strikingly different modes of operation.  The Hot Liquid Process Simulator (HLPS) was operated in single-pass mode at constant surface temperature, under creeping flow conditions of velocity at 0.003 m/s (Re ~ 1),  for time durations of up to four hours.  The Portable Fouling Research Unit (PFRU) was operated at velocities of 0.75 m/s, in the transitional flow regime with film Reynolds numbers in the range 1500-5500.  The fouling process was followed over two or more days at constant heat flux, using re-circulation of the crude oil.  It was of interest to determine whether the two devices led to the same relative ranking of the extent or rate of fouling, and whether they exhibited similar responses to changes in surface temperature.

At roughly similar surface temperatures fouling rates were several hundred times higher for the low-velocity HLPS unit. This effect was rationalized through the model of Epstein (1983) for chemical reaction fouling in viscous flow.  Deposit analyses from the  PFRU probe, indicated the presence of high concentrations of iron and sulphur, which is consistent with chemical reaction contributions to fouling.  Initial surface temperatures were in the range 225-350ºC for the HLPS, and 335-370ºC for the PFRU. Fouling activation energies depended on the oil tested, and were generally lower on the HLPS probe than on the PFRU.    The two less viscous crude oils, had fouling rates similar to each other using both probes. The most highly viscous oil showed higher fouling rates than the other two oils in the PFRU, possibly due to having a much lower Reynolds number. The relative advantages and disadvantages of each probe, and the factors which affect interpretation of fouling rates under the different operating regimes are discussed. 

