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Sea spray icing

Mintu et al., 2020 Dehghani et al., 2017

The sinking of the fishing vessel ONEGA, which led to the loss of 17

lives on 28 December 2020 while fishing west of Novaya Zemlya.

Dhar et al., 2022



Spray Icing model

Incoming Spray flux

Freezing Run off

Empirical Formulas

Uncertainty

Use CFD

No standard equipment  

Limited measurement

Sea spray icing modeling

Harsh environment

Develop equipment

Real-time autonomous measurement that can 

withstand Arctic weather

Analyze the data to make the spray model

Research Novelty



Stokes number: sea spray

• sea spray particle size: 1μm – 7.7 mm

Fig. Comparison between two different particle sizes 

for tracking accuracy for PIV simulated particles in a 

stagnation point flow field  (wiki commons)

Particle Stokes number (Stp) = 
𝑇𝑖𝑚𝑒 𝑡𝑜 𝑟𝑒𝑎𝑐𝑡 𝑡𝑜 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑖𝑛 𝑓𝑙𝑢𝑖𝑑 𝑓𝑙𝑜𝑤

𝑇𝑖𝑚𝑒 𝑜𝑓 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑖𝑛 𝑓𝑙𝑢𝑖𝑑 𝑓𝑙𝑜𝑤

Stp << 1

Stp ≥ 1

k–ε RANS turbulence model

• We are not interested in the details of the turbulence

• Qualitative approach

• Faster computation



Review and analysis of past sea-spray measurements

Tabata, 1969 

Toilet paper rolls



Review and analysis of past sea-spray measurements

Baby diapers

Measurements for ICEMOD (Jorgensen,1984, 1985, 1986)  Horjen et al. (1986) 

Bend pipe collector, 10 cm diameter



Review and analysis of past sea-spray measurements

CFD RANS simulation, wind speed 15 m/s

Bend pipe collector, 10 cm diameter



Review and analysis of past sea-spray measurements

Measurements for RIGICE  (Muzik, 1991) 

Tarsuit Island, an artificial caisson-based island in the Beaufort Sea

45-gallon drums 



Review and analysis of past sea-spray measurements

Counts spray particles 100 to 1,000 μm in diameter,

but sea-spray 1 to 7700 μm (Ryerson,1995) 

Ozeki (2016)

Cloud Imaging Probe (Andreas, 2016)



Review and analysis of past sea-spray measurements

RigSpray design (Teigen et al., 2019)



Review and analysis of past sea-spray measurements

RigSpray design (Teigen et al., 2019)

CFD RANS 15 m/s



Review and analysis of past sea-spray measurements

Ryerson (1992) Midgett design



Review and analysis of past sea-spray measurements

CFD RANS 15 m/s

Initial wind speed- 15 m/s

Average Velocity on the inlet plane of the collector - 10.7034 m/s  

Average Pressure on the inlet plane of the collector - 79.3363 Pa

Efficiency = (Average velocity at the collector inlet plane / Initial wind speed) x 100 

= 71.356%  

Ryerson (1992) Midgett design



Review and analysis of past sea-spray measurements

Initial wind speed- 15 m/s

Average Velocity on the inlet plane of the collector - 10.7034 m/s  

Average Pressure on the inlet plane of the collector - 79.3363 Pa

Efficiency = (Average velocity at the collector inlet plane / Initial wind speed) x 100 

= 71.356%  

Ryerson (1992) Midgett design



(Park & Go, 2020)

Cyclone separator



Wind tunnel Simulation

Inlet

Spray collector15m/s

Outlet
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Attempt 1 – spray collector

Initial wind speed - 15 m/s

Average Velocity on the inlet plane 

of the collector - 4.07181 m/s 

Average Pressure on the inlet plane 

of the collector - 132.563 Pa
0 10 20 30 40 50 60 70 80

Goal

Attempt 1

71.356

27.1454

Efficiency %

Short Nozzle



Attempt 2

Initial wind speed - 15 m/s

Average Velocity on the inlet plane 

of the collector - 4.19787 m/s 

Average Pressure on the inlet plane 

of the collector - 130.426 Pa
0 10 20 30 40 50 60 70 80

Goal

Attempt 1

Attempt 2

71.356

27.1454

27.9858

Efficiency %

Long Nozzle



Attempt 3

Initial wind speed - 15 m/s

Average Velocity on the inlet plane 

of the collector - 4.73183 m/s 

Average Pressure on the inlet plane 

of the collector - 114.905 Pa

0 10 20 30 40 50 60 70 80

Goal

Attempt 1

Attempt 2

Attempt 3

71.356

27.1454

27.9858

31.54553333

Efficiency %

Short Nozzle disconnected base



Attempt 4

Initial wind speed - 15 m/s

Average Velocity on the inlet plane 

of the collector - 4.87013 m/s 

Average Pressure on the inlet plane 

of the collector - 127.803 Pa

Short Nozzle disconnected base, perforated top
0 10 20 30 40 50 60 70 80

Goal

Attempt 1

Attempt 2

Attempt 3

Attempt 4

71.356

27.1454

27.9858

31.54553333

32.46753333

Efficiency %



Attempt 5

Initial wind speed - 15 m/s

Average Velocity on the inlet plane 

of the collector - 8.85382 m/s 

Average Pressure on the inlet plane 

of the collector - 99.5488 Pa

Conical Nozzle, disconnected base

0 10 20 30 40 50 60 70 80

Goal

Attempt 1

Attempt 2

Attempt 3

Attempt 4

Attempt 5

71.356

27.1454

27.9858

31.54553333

32.46753333

59.02546667

Efficiency %



Attempt 6

Initial wind speed - 15 m/s

Average Velocity on the inlet plane 

of the collector - 11.6079 m/s 

Average Pressure on the inlet plane 

of the collector - 63.6785 Pa

Conical nozzle, no vortex finder

0 10 20 30 40 50 60 70 80

Goal

Attempt 1

Attempt 2

Attempt 3

Attempt 4

Attempt 5

Attempt 6

71.356

27.1454

27.9858

31.54553333

32.46753333

59.02546667

77.386

Efficiency %



Attempt 7

Initial wind speed - 15 m/s

Average Velocity on the inlet plane 

of the collector - 10.7541 m/s 

Average Pressure on the inlet plane 

of the collector - 75.4132 Pa

Conical nozzle, with a rim

0 10 20 30 40 50 60 70 80

Goal

Attempt 1

Attempt 2

Attempt 3

Attempt 4

Attempt 5

Attempt 6

Attempt 7

71.356

27.1454

27.9858

31.54553333

32.46753333

59.02546667

77.386

71.694

Efficiency %



DPM (Discrete Phase Model)



Final Design

3D printed with Carbon fiber infused nylon filament



Lab Test



Lab Test



Lab Test



68.7° N, 17.5° E

Field deployment

Real-time autonomous spray collector



Field deployment, 7th October 2022

Real-time autonomous spray collector

Radiometer

Wave Parameters



Thanks for listening

https://en.uit.no/project/sprice


