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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.1, 2.2, 2.3, 2.8, 2.9, 2.10
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
[bookmark: _Hlk513371642]Step 2.4 (Feeler gauge will be used to ensure accurate gap height for the knife edge)
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N


[bookmark: Introduction]1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this procedure is to understand the contributions made by spatial structures of waves to droplet impact dynamics on flowing liquid films. (Intro)

[bookmark: IntroStatements]B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Idris Adebayo: This method can help answer key questions in the fields of flowing liquid films, thin films, and drop impact about wave evolution dynamics, liquid drop break-up or coalescence, and granular jets.
1.2. Omar Matar: The main advantage of this technique is that it provides an avenue to capture and thoroughly study events occurring on a micro timescale.

Note: A portion of 1.2 has been moved to the conclusion to accommodate introduction statement length restrictions.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Experiment Rig Setup
2.1. To begin the procedure, clean the flat glass substrate (sub-straight /ˈsʌb streɪt/) with a soft cloth [1-MED] so that all dirt and particulate matter is removed from the surface of the substrate. [2-CU] Set the pivot of the substrate to the desired inclination angle. [3-MED]
2.1.1. Talent cleans the substrate with a soft cloth.
2.1.2. Talent cleans an area of the substrate with the soft cloth and then moves the cloth to show the camera the clean surface of the substrate.
2.1.3. Talent unlocks the pivots, adjusts the substrate angle slightly, and locks the pivots.
2.2. Fill the reservoir with a test liquid, such as deionized water. [1-WIDE] Start the fluid pump and confirm that the liquid flows normally [2-MED] across the entire substrate surface. [3-CU]
2.2.1. Talent fills the reservoir with DIH2O.
2.2.2. Talent turns on the electric pump and looks at the liquid flowing over the substrate.
2.2.3. The liquid flowing evenly over the entire substrate.
2.3. Check the flow rate reading on the flow meter [1-MED-Over shoulder] and gradually adjust the direct flow valve to attain the desired flow rate. [2-MED]
2.3.1. Talent looks at the flow rate reading.
2.3.2. Talent slowly turns the valve to increase or decrease the flow rate (as appropriate).
2.4. Then, to avoid a hydraulic jump at the film inlet or a backflow of air into the distribution chamber, [1-MED] adjust the knife edge of the distribution chamber to set the gap height at the film head to the precise Nusselt (noo-selt /ˈnuː sɛlt/) film thickness value for the flow rate. [2-CU]
2.4.1. Talent begins adjusting the gap height using the micrometer steps.
2.4.2. Talent finishes adjusting the gap height to the appropriate height for the demonstration and checks the gap with a feeler gauge. (min. ~7 s of footage)
2.5. Manually siphon the air from the distribution chamber to ensure a normal, uniform liquid flow across the entire substrate. [1-MED-Over shoulder]
2.5.1. Talent manually siphons air from the distribution chamber with a handheld pump until the flow on the substrate is uniform.
2.6. Next, confirm that the function generator is connected to the solenoid (soh-leh-noyd /ˈsoʊ ləˌnɔɪd/) valve in the liquid flow path through a non-latching relay. Then, turn on the function generator and the solenoid valve. [1-WIDE]
2.6.1. Talent points out the function generator, the relay, and the solenoid valve over the course of about 7 s, and then turns on the function generator and solenoid.
2.7. Set the function generator to the desired forcing frequency and waveform. [1-MED-Over shoulder]
2.7.1. Talent sets the function generator to a forcing frequency of 2 or 3 Hz with a sine wave signal.
2.8. Then, fill a syringe with the desired test liquid, such as deionized water. [1-MED] Connect clean plastic tubing to the syringe [2-CU] and mount the syringe in the droplet generator assembly. [3-MED-Over shoulder]
2.8.1. Talent fills a syringe with DI water.
2.8.2. Talent connects plastic tubing to the water-filled syringe, using paper tape if needed.
2.8.3. Talent clamps the syringe in a syringe pump.
2.9. Connect a needle of the desired diameter to the other end of the plastic tubing using paper tape. [1-CU] Mount the tubing and the syringe in the assembly. [2-MED-Over shoulder]
2.9.1. Talent attaches a needle to the end of the tubing and uses tape to hold it in place as needed.
2.9.2. Talent runs the tubing over/along the metal support and clamps the needle and tubing in place.
2.10. Adjust the needle position to achieve the desired fall height and streamwise impact point distance from the film inlet. [1-MED-Over shoulder]
2.10.1. Talent adjusts the needle position with the clamp and checks the fall height/impact point distance with a ruler.
2.11. Start the syringe pump and adjust the flow rate so that droplets of water are dripping from the needle onto the film [1-WIDE] without any detectable pre-acceleration. [2-CU]
2.11.1. Talent turns on the syringe pump, looks at the substrate, and adjusts the flow rate.
2.11.2. Droplets falling from the needle onto the film in a dripping manner. (The zoom level should be wide enough to show both the needle and the film.)
2.12. Continue adjusting the flow rate [1-MED-Over shoulder] to achieve a droplet generation frequency greater than the wavelength of the waves on the surface of the film, [2-MED] which ensures that the droplets will fall on different regions of the film. [3-CU]
2.12.1. Talent increases the flow rate on the syringe pump.
2.12.2. A view of the droplets increasingly falling quickly relative to the frequency of the waves in the film.
2.12.3. Droplets sequentially falling on different parts of the passing waves in the film.
2.13. Place light diffusers in front of the light sources and turn on the light. [1-WIDE] Confirm that the imaging area is uniformly illuminated, and then turn off the light. [2-MED-Over shoulder]
2.13.1. Talent moves the light diffusers in front of the light sources and turns on the light.
2.13.2. Talent confirms even lighting and then switches off the light.
2.14. Next, switch off the function generator and droplet generator. [1-MED] Mount a high-speed camera on a tripod. [2-MED] Fit the camera with a macro lens that has the desired focal length and turn on the camera. [2-MED-Over shoulder]
2.14.1. Talent switches off the function generator and droplet generator.
2.14.2. Talent mounts the camera on a tripod by the rig.
2.14.3. Talent attaches the macro lens to the camera and turns on the camera.
2.15. Focus the camera on the film surface, with a 7° horizontal deviation and a 12° vertical deviation with respect to the film surface. [1-MED-Over shoulder] Place a calibration item at the droplet impact point [2-MED] and focus the camera on the calibration item with the largest aperture size. [3-MED-Over shoulder]
2.15.1. Talent initially focuses the camera on the film surface.
2.15.2. Talent places a needle calibration item at the droplet impact point.
2.15.3. Talent sets the camera to the largest aperture size and focuses on the needle calibration item.
(Author Comment: Step 2.17 was carried out before 2.16, so it should come before it) (Editor: I’ve swapped 2.16 and 2.17 as the author requested)
2.17.  Then, remove the calibration item [1-MED] and reduce the aperture size to f/16 (F-sixteen). [2-MED-Over shoulder] Set the frame rate to 5,000 fps (frames per second), the shutter speed to 1 µs, and the resolution to 800 x 600. [3-SCREEN]
2.17.1. Talent removes the calibration item from the substrate.
2.17.2. Talent adjusts the aperture size on the camera.
2.17.3. *To be provided by authors: Screen capture footage of setting the frame rate to 5,000 fps, the shutter speed to 1 µs, and the resolution to 800 x 600.
2.16. Switch on the light source and adjust the zoom level [1-WIDE] until a sharp image is obtained on the computer screen. [2-MED-Over shoulder] Turn off the light until it is needed. [3-MED]
2.16.1. Talent switches on the light source and adjusts the camera’s zoom level.
2.16.2. Talent looks at a sharp image on the computer screen.
2.16.3. Talent turns off the light.
2.17. [bookmark: _GoBack][1-MED] [2-MED-Over shoulder] [3-SCREEN]
2.17.1. Talent removes the calibration item from the substrate.
2.17.2. Talent adjusts the aperture size on the camera.
2.17.3. *To be provided by authors: Screen capture footage of setting the frame rate to 5,000 fps, the shutter speed to 1 µs, and the resolution to 800 x 600.
3. Spatial Resolution Calibration, Video Recording, and Data Acquisition
3.1. Once the rig has been set up, stop the fluid pump and clean the surface of the glass substrate. [1-WIDE] Once the glass surface is clear, place a ruler streamwise on the droplet impact point. [2-MED] Turn on the light and acquire an image of the ruler. [3-MED-Over shoulder]
3.1.1. Talent stops the pump and again cleans the surface of the glass substrate.
3.1.2. Talent places a ruler streamwise at the drop impact point.
3.1.3. Talent takes a snapshot of the ruler.
3.2. Then, rotate the ruler 90° about the point of impact [1-MED] and acquire another image of the ruler. Remove the ruler and turn off the light when finished. [2-MED-Over shoulder]
3.2.1. Talent turns the ruler spanwise.
3.2.2. Talent takes a snapshot of the ruler, which is now spanwise.
3.3. Once the even film flow has been re-established, start the syringe pump at the same rate as before. Confirm that the drops are still falling freely. [1-WIDE]
3.3.1. Talent starts the pump and syringe pump.
3.3.2. Talent checks that the drops are falling in a dripping manner.
3.4. Start the function generator and confirm that successive drops still fall on different regions of the waves in the film. [1-WIDE]
3.4.1. Talent starts the function generator and then checks on the rate of the drops falling on the waves.
3.5. Then, set the post-triggering frame number to approximately half of the maximum possible video length to ensure that the impact is adequately captured. [1-SCREEN]
3.5.1. *To be provided by authors: Screen capture footage of using the cursor to indicate the post-triggering frame number and then setting it to approximately half of the maximum possible video length.
3.6. Then, turn on the light source. [1-WIDE] Start image capturing when an impact occurs. [2-SCREEN] Once capturing finishes, turn off the light to avoid excessive heating of the liquid film. [3-MED-Over shoulder]
3.6.1. Talent turns on the light source and goes to the computer.
3.6.2. *To be provided by authors: Screen capture footage of triggering the image capturing.
3.6.3. Talent watches the imaging software as capturing finishes, and then moves to the light to turn it off.
3.7. Examine the captured footage to see [1-MED-Over shoulder] whether the impact occurred on a flat film, capillary wave, or wave hump region. Trim the video to the portion showing just the impact process. [2-SCREEN]
3.7.1. Talent looks at captured footage on the computer screen.
3.7.2. *To be provided by authors: Screen capture footage of trimming the video down around the impact process.
3.8. Save the range of frames as a video or an image stack. [1-SCREEN] Repeat the process until images have been captured for all possible regions on the film surface. [2-MED-Over shoulder]
3.8.1. *To be provided by authors: Screen capture footage of saving the trimmed footage in a video/image format. 
3.8.2. Talent trims a video of a captured impact on a different region of the wave.
4. Results: Effects of Film Control on Droplet Impacts 
4.1. For low-inertia droplets, the ejected satellite drops were smallest when drops impacted the capillary wave region. [1-LM] This can be attributed to the capillary ripples suppressing the radial wave produced by the impacting drop, [2-LM] resulting in inhibited drop elongation. [3-LM] Bouncing was more likely on flat film regions, owing to the strong lubrication force exerted on the drop. [4-LM]
4.1.1. Figure 4 (57865_fig4_unlabelled.pdf; original images also in 57865_fig4_unlabelled.docx; see Fig 4.pdf for lettering used here to reference images): On “the satellite…”, emphasize the ‘g’ and ‘h’ images in the left column (Capillary wave).
4.1.2. Figure 4 (57865_fig4_unlabelled.pdf): Emphasize the ‘c’ and ‘d’ images in the left column, which show the spread of ripples.
4.1.3. Figure 4(57865_fig4_unlabelled.pdf): Emphasize the ‘e’ and ‘f’ images, which show the growth of the cylindrical liquid column preceding satellite droplet pinch-off.
4.1.4. Figure 4 (57865_fig4_unlabelled.pdf): Emphasize the second-to-left column (Flat film), which shows the outcome of the drop impacting the flat film.
4.2. Once the initial parameters of low-inertia drops had been evaluated on all wave regions, the effects of changes in liquid film flow rate and various drop parameters were evaluated. [1-LM] For example, increasing the liquid film flow rate [2-LM] resulted in low-inertia drops sliding on capillary waves [3-LM] and climbing the oncoming solitary hump, as seen here. [4-LM]
4.2.1. Table 1 (Table 1.xlsx): Starting with only the title row and the top three data rows showing (i.e., the ‘Effect of…’ rows not yet visible), add the last three rows on “the effects of…”
4.2.2. Table 1 (Table 1.xlsx) to Figure 5 (57865_fig5_unlabelled.pdf; see Fig 5.pdf for lettering used to reference individual images): Emphasize the cell for ‘Effect of Re increase’ in the ‘Capillary wave region’ column (i.e., ‘Sliding phenomena’), and then transition to Figure 5.
4.2.3. Figure 5 (57865_fig5_unlabelled.pdf): Emphasize 5c, 5d, 5e, and 5f (showing the rolling drop).
4.2.4. Figure 5 (57865_fig5_unlabelled.pdf): Emphasize 5g and 5h (showing the drop climbing the hump).
4.3. [bookmark: _Hlk480795788]High-inertia droplets had a splash outcome in all regions of the film surface, but distinct differences were observed in the crown morphologies (mor-fall-uh-jeez /mɔːrˈfɒl ə ʤiːz/). [1-LM] For instance, the crown in the wave hump region had a more regular shape and was thicker and higher [2-LM] than those in the capillary and flat film regions. [3-LM] Parametric variations revealed further details about high-inertia drop impacts on the three film regions. [4-LM]
4.3.1. Figure 6 (57865_fig6_unlabelled.pdf; see Fig 6.pdf for lettering used to reference individual images): On “but distinct…”, emphasize all images from the ‘Onset of crown formation’ row downwards.
4.3.2. Figure 6 (57865_fig6_unlabelled.pdf): Emphasize the ‘e’, ‘f’, g’, and ‘h’ rows for the left three columns, with extra emphasis on the images from the ‘Wave hump’ column.
4.3.3. Figure 6 (57865_fig6_unlabelled.pdf): With the ‘e’, ‘f’, ‘g’, and ‘h’ rows for the left three columns still emphasized, instead place extra emphasis on the images from the ‘Capillary wave’ and ‘Flat film’ columns (left two columns).
4.3.4. Table 2 (Table 2.xlsx)
5. Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. Idris Adebayo: We first had the thought of this work when we were looking into the roles waves play in the impact dynamics of droplets on thin films flowing down an inclined plane.
5.2. Omar Matar: With this, we can better understand the contributions of spatial wave structures to drop impact dynamics.
[bookmark: ProvidedMedia]
PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .pdf, .tiff, .png, .eps, .ai, .psd
Preferred movie formats: .mov, .mp4, .avi

.mov or .mp4 files are strongly preferred for screen capture footage. Vector or layer-compatible formats (.svg, .ai, .eps, .pdf, .psd) are strongly preferred for complex figures and graphs.

To generate a vector (.pdf) file from a graph prepared in Excel or similar software, move the graph to its own sheet and save the sheet as a standard .pdf file.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17648873

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

[bookmark: GeneralPrep]GENERAL PREPARATION
It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. Tubes, glassware, and plates should be clean, dry, and neatly labeled. 

Each shot will take about five minutes, as it takes a few minutes to set up between shots. You may need to prepare duplicate samples if a step that must be performed quickly is shown with more than one shot.

The filming process will be like a cooking show: if a step takes more than 5-10 minutes, you will continue the demonstration with the pre-made product of that step. Therefore, if your procedure has long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Individual shots may be filmed out of order to allow a longer process to finish. If your procedure has a long delay between sample preparation and the experiment itself, you may need to film the experiment before filming sample preparation. Please clearly mark shots or steps that you wish to film out of order in the script.

Please contact your script editor or see JoVE’s FAQ if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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