
Introduction
Biofouling is the growth of organisms on aquatic 

surfaces and has been fought by mariners for 

centuries. These days, biofouling costs the Navy 

between $180 and $260 million per year. These 

costs are due to increased fuel use due to drag on 

ship hulls, as well as cleaning costs [1]. 

Biofouling also reduces the range and top speed 

of vessels. 

Algal biofilm (slime), primarily composed of 

diatoms, is the most common fouling community  

found on Naval ships, and therefore the most 

costly.  The increase in surface drag due to slime 

fouling is larger than expected, and the 

interactions between the biofilm and the boundary 

layer flow that results in this integrated drag is 

unclear. 

Algal  bioiflms have complex, heterogenous

morphology, including flexible streamers on the 

order of millimeters protruding from the surface. 

Therefore, experimental methods are necessary to 

study the boundary layer flow over this rough, 

compliant surface.  

Materials and methods
We used the flow visualization technique particle 

image velocimetry (PIV) to measure the mean and 

fluctuating velocity over a fouled acrylic plate in a 

high speed turbulent channel flow laboratory 

flume. Using a cross correlation technique that 

calculates the most likely trajectory of particles 

between two sequential images taken 250 

microseconds apart, we measured the velocity 

field in a 2D plane over the biofilm at 4000 

statistically independent instances. From this, the 

mean and fluctuating velocity are calculated.  
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Results
Comparison of smooth wall and fouled wall boundary layer flow shows that biofilm influences the flow well into
the boundary layer.

Conclusions
Flow over a biofilm is significantly altered from flow over a smooth plate. This effect is different from what would be 

expected from flow over a plate with similar roughness to the biofilm. Therefore, it is likely that the streamers or compliant 

nature of the roughness of a biofilm affects the flow. Our results indicate a lack of outer layer similarity between smooth 

wall and biofilm fouled flow. This impacts the ability to model flow and predict drag effects on a ship. 
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Figure 1. Acrylic plate fouled with algal biofilm

Figure 2. Streamwise velocity through the boundary layer over a smooth wall and algal biofilm, normalized 

by the freestream velocity. Boundary layer thickness (δ) is 3.4 cm and 3.1 cm, respectively. 

Figure 6. Streamwise

velocity profiles. Values 

normalized by A) inner 

units and B) outer units. 

The shear velocity of 

the smooth wall is 0.05 

m s-1 amd biofilm is 

0.07 m s-1 .

Figure 5. Reynolds 

shear stress 

normalized by the 

shear stress (Uτ), 

plotted over the 

height above the 

biofilm in inner units 

(normalized by Uτ/ν

where ν is the 

kinematic viscosity of 

the fluid.
Figure 3. Normalized turbulent kinetic energy (TKE) 

Figure 4. Galilean decomposition of instantaneous velocity 

field. (u = u – 0.7Ue) to emphasize coherent vortices. 


