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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) NO  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) NO If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 3.4-3.10
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) 2.7 and 2.8
E.  Will the filming need to take place in multiple locations? (Y/N) No If yes, how far apart are the locations? ___________________________________________________ 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experiment is to investigate the effect of the number and orientation of axial wettable patterns on pool boiling heat transfer (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Sujith Kumar C.S: This method can help answer key questions in the field of pool boiling heat transfer, such as the effect of hybrid wettability on the boiling heat transfer coefficient and the bubble dynamics [1-MED].
1.1.1. Sujith speaks toward camera, interview style.
1.2. Yao Wen Chang: The main advantage of this technique is that, it can accurately measure the boiling heat transfer coefficient and bubble dynamics of a hybrid wettable cylindrical surface [1-MED].
1.2.1. Yao speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Preparation of the modified surfaces
2.1. To begin, manually polish a hollow copper cylinder for 15 minutes using number 2000 emery paper [1-MED-TXT].  Clean the polished surface by rinsing it with acetone followed by deionized water [2-CU].
2.1.1. Talent polishes a hollow copper cylinder with a 40-millimeter length, a 25-millimeter outer diameter, and an 18-millimeter inner diameter for 15 minutes using a number 2000 emery paper.  TEXT Overlay: 40-mm length, 25-mm do, 18-mm di
2.1.2. Polished surface as talent rinses it with acetone followed by DI water.  Use labeled containers.
2.2. Place the polished test piece in an oven for 2 hours at a constant temperature of 120 degrees Celsius [1-MED-over the shoulder].  
2.2.1. Talent places the polished test piece in an oven.
2.3. To prepare a superhydrophilic silicon dioxide nanoparticle solution, first prepare solution A by mixing tetraethoxy silane and deionized water [1-CU-TXT].  Then, add 2 drops of 37 percent concentrated HCl to solution A and stir for 2 hours [2-MED].
2.3.1. Solutions as talent mixes tetraethoxy silane and DI water in a 1:4 ratio to make solution A.  Use labeled containers.  TEXT Overlay: 1:4 molar ratio of tetraethoxy silane:DI water
2.3.2. Talent adds 2 drops of 37% concentrated HCl to solution A and starts it stirring.  Use labeled containers.
2.4. Next, make solution B by mixing ethanol and deionized water [1-CU-TXT].  Then, mix 1 milliliter of solution A and 80 milliliters of solution B and stir for 2 hours [2-MED-over the shoulder].
2.4.1. Solutions as talent mixes ethanol and DI water in a 1:3 ratio to make solution B.  Use labeled containers. TEXT Overlay: 1:3 molar ratio of EtOH:DI water
2.4.2. Talent mixes 1 mL of solution A and 80 mL of solution B and starts it stirring.  Use labeled containers.
2.5. Add 32 grams of silicon dioxide nanoparticles to the prepared solution and stir for 1 hour before immersing the test piece as described in the test protocol [1-CU-TXT].
2.5.1. Prepared solution as talent adds 32 grams of silicon dioxide nanoparticles to the prepared solution and starts it stirring.  TEXT Overlay: 40-nm diameter nanoparticles
2.6. Next prepare 2 interlined hybrid patterns with different orientations along the axial direction of the test piece by masking the area to be uncoated using the insulation tape according to the required number of interlines with the proper orientation [1-MED].
2.6.1. Talent starts to peel the insulation tape and motions to apply it to the test piece.  Continue action in next shot. 
2.7. For the 2-interline surface at a 0 degree orientation, adjust interlines at the center and the superhydrophilic area on the top side [1-CU].  Conversely, for the 180 degree orientation, adjust superhydrophilic area at the bottom and the interlines at the center [2-CU-TXT]. 
2.7.1. Test piece as talent adjusts interlines at the center and the superhydrophilic area on the top side to show 0 degree orientation.
2.7.2. Test piece as talent superhydrophilic area at the bottom and the interlines at the center to show 180 degree orientation.  TEXT Overlay: see text for 90º orientation
2.8. Similarly, adjust the position of the 4 and 8 interlined surfaces with the different orientations [1-MED-over the shoulder].
2.8.1. Talent adjusts the position of the 4 and 8 interlined surfaces with the different orientations. 
2.9. Next, immerse the masked test piece in the prepared solution by using a dip-coating apparatus at a high dipping velocity and rise at a slow velocity of 5 millimeters per minute [1-CU].  Keep the coated test piece in an oven at 120 degrees for 1 hour [2-MED]. 
2.9.1. Marked test piece as talent immerses it into the prepared solution by using a dip-coating apparatus and rise the sample at avelocity of 5 millimeters per minute.
2.9.2. Talent places the test piece into the oven.
2.10. Finally, remove the insulation tape from the masked area to obtain the required number of interlines with the proper orientation [1-CU].
2.10.1. Test piece as talent removes the insulation tape from the masked area to obtain the interlines with proper orientation. 
3. Experimental procedure 
3.1. Using insulation tape, fix one glass tube at each circular base of the coated test piece [1-MED-over the shoulder].  Horizontally fix this assembly to the chamber using silicon paste according the required position of interlines [2-CU-TXT].
3.1.1. Talent fixes one glass tube at each circular base of the coated test piece.
3.1.2. Test piece assembly as talent horizontally fixes the assembly to the chamber using silicon paste according to the required position interlines.  TEXT Overlay: 140-mm x 140-mm x 160-mm chamber
3.2. Place a cartridge heater with a thin film of thermal paste on the circumferential area into the hole of the test piece [1-MED-over the shoulder-TXT].  Connect the cartridge heater to a direct current power supply unit [2-MED].
3.2.1. Talent places the heater with a thin film of thermal paste on the circumferential area into the hole of the test piece.  TEXT Overlay: 550-W, 18-mm diameter, 40 mm-long
3.2.2. Talent connects the cartridge heater to a direct current power supply unit.
3.3. Place T-type thermocouples into the 8 equally-spaced 1-millimeter holes, with alternate depths of 5 millimeters and 7 millimeters [1-CU].  Then, connect them to the data logger [2-MED].
3.3.1. T-type thermocouples as talent places them into the 8 equally-spaced 1-millimeter holes, with alternate depths of 5 millimeters and 7 millimeters.
3.3.2. Talent connects the thermocouples to the data logger.
3.4. Insert and fix resistance temperature detectors, a reflux condenser, and an auxiliary heater in the spaces provided on the top cover [1-CU].  Fix them over the boiling chamber [2-MED-over the shoulder].
3.4.1. Top cover as talent places resistance temperature detectors, a reflux condenser, and an auxiliary heater in the spaces provided.
3.4.2. Talent fixes them to the boiling chamber.
3.5. Next, fill 1.4 liters of deionized water into the pool-boiling chamber [1-MED].  Connect the reflux condenser to a cooling chamber that is maintained at 5 degrees Celsius [2-MED-over the shoulder].
3.5.1. Talent fills 1.4 Liters of deionized water into the pool-boiling chamber.
3.5.2. Talent connects the reflux condenser to a cooling chamber at 5 degrees Celsius.
3.6. Prior to the experiment, vigorously boil the deionized water in the pool-boiling chamber for 30 minutes using the auxiliary heater [1-MED].
3.6.1. Talent uses the auxiliary heater to get the DI water vigorously boiling in the pool-boiling chamber.
3.7. Keep the deionized water at the saturated boiling condition by using the auxiliary heater [1-CU].  Subsequently, switch on the power supply and give an initial current of 0.1 Amps [2-MED-over the shoulder].
3.7.1. DI water as it boils in the pool-boiling chamber.
3.7.2. Talent switches on the power supply and gives the initial current of 0.1 Amps.
3.8. Meanwhile, record the bubble dynamics for each power input by using a CCD camera that is placed in front of the pool-boiling chamber and focused on the test piece [1-CU]. 
3.8.1. CCD camera as talent sets it up in front of the pool-boiling chamber and to focus on the test piece. Previously section 3.10
3.9. After waiting for 2 minutes to reach a steady state, increase the electric current with increments of 0.3 Amps [1-CU]. Previously section 3.8
3.9.1. Power supply as talent increases the electric current with increments of 0.3 Amps.
3.10. Record the temperature at each power input by using the data logger.  Continue the experiment until a maximum current of 4 Amps is reached [1-MED-over the shoulder]. Previously section 3.9
3.10.1. Talent sets up the data logger to record the temperature at each power input until a maximum current of 4 Amps is reached.  
3.11. Finally, perform data reduction as described in the text protocol [1-MED].
3.11.1. Talent works at the computer to perform data reduction.  TEXT Overlay: see text for Data Reduction
4. Results: Pool Boiling Performance Analysis  
4.1. Shown here are pool boiling performances [1-LM] of plain copper surface… [2-LM], fully superhydrophilic surface… [3-LM], and hybrid surfaces with different numbers of interlines at 0 degree orientation [4-LM]. 
4.1.1. 55387_Chen_Figure 7(a).tif AND 55387_Chen_Figure 7(b).tif – Editors, please place these two figures adjacent to each other.
4.1.2. 55387_Chen_Figure 7(a).tif AND 55387_Chen_Figure 7(b).tif – Editors, please keep these two figures adjacent to each other.  Highlight the plots from the white diamond in each graph as well as the white diamond and “plain surface” label in the legends. 
4.1.3. 55387_Chen_Figure 7(a).tif AND 55387_Chen_Figure 7(b).tif – Editors, please keep these two figures adjacent to each other.  Highlight the plots from the white star in each graph as well as the white star and “superhydrophilic” label in the legends. 
4.1.4. 55387_Chen_Figure 7(a).tif AND 55387_Chen_Figure 7(b).tif – Editors, please keep these two figures adjacent to each other.  Highlight the plots from the black triangles, gray squares, and white circles in each graph as well as in the legends (with the corresponding labels). 
4.2. The effect of the various surfaces on pool boiling curves is shown… [1-LM] as well as the variation of the Heat transfer coefficient, or HTC, with respect to Heat flux [2-LM].
4.2.1. 55387_Chen_Figure 7(a).tif – Editors, you might want to consider zooming into figure 7(a) before showing alone to transition from the previous point.
4.2.2. 55387_Chen_Figure 7(b).tif – Editors, for a transition, you might want to consider going back to the adjacent figures, staying zoomed in, and sliding over to the right-most panel of figure 7 before showing 7b alone.  
4.3. 8 interlined surfaces show better HTC as compared to other surfaces for particular heat flux [1-LM], but 2 and 4 interlined surfaces have almost the same HTC [2-LM]. 
4.3.1. 55387_Chen_Figure 7(b).tif – Editors, please highlight the white circle plot.
4.3.2. 55387_Chen_Figure 7(b).tif – Editors, please highlight the black triangle and gray square plots.
4.4. The effect of orientation on pool boiling curves of 2 interlined hybrid surfaces… [1-LM] 4 interlined hybrid surfaces… [2-LM] and 8 interlined hybrid surfaces are shown [3-LM].  
4.4.1. 55387_Chen_Figure 9(a).tif
4.4.2. 55387_Chen_Figure 9(b).tif
4.4.3. 55387_Chen_Figure 9(c).tif
4.5. A leftward shift in pool boiling curves is obtained for the 2 interlined surface at 0 degrees… [1-LM], the 4 interlined surface at 90 degrees [2-LM] and the 8 interlined surface at 45 degrees [3-LM].
4.5.1. 55387_Chen_Figure 9(a).tif – Editors, please highlight the plot of black, right-side up black triangles.
4.5.2. 55387_Chen_Figure 9(b).tif – Editors, please highlight the plot of black squares.
4.5.3. 55387_Chen_Figure 9(c).tif – Editors, please highlight the plot of black circles.
4.6. Also shown is the effect of orientation on the Heat transfer coefficient for 2 interlined hybrid surfaces… [1-LM], 4 interlined hybrid surfaces… [2-LM], and 8 interlined hybrid surfaces [3-LM]. 
4.6.1. 55387_Chen_Figure 10(a).tif 
4.6.2. 55387_Chen_Figure 10(b).tif 
4.6.3. 55387_Chen_Figure 10(c)_corrected.tif 
4.7. HTCs of the 2 interlined surface at 0 degrees… [1-LM], the 4 interlined surface at 90 degrees… [2-LM], and the 8 interlined surface at 45 degrees show the highest values [3-LM]. 
4.7.1. 55387_Chen_Figure 10(a) – Editors, please zoom into the top panel and highlight the plot of right-side up black triangles.
4.7.2. 55387_Chen_Figure 10(b) – Editors, staying zoomed in, please slide down to the middle panel and highlight the plot of black squares.
4.7.3. 55387_Chen_Figure 10(c)_corrected – Editors, staying zoomed in, please slide down to the bottom panel and highlight the plot of black circles.
5. Conclusion (said by authors on camera)
5.1. Sujith Kumar C.S: Once mastered, this technique can be done in 10 hours if it is performed properly.  Following this procedure, analysis of pool boiling heat transfer coefficient and Bubble dynamics can be performed to investigate the effect of hybrid wettability on pool boiling [1-MED].
5.1.1. Sujith speaks toward camera, interview style.
5.2. Sujith Kumar C.S: Don't forget that working with nanoparticles and chemicals can be hazardous and precautions such as wearing gloves and masks should always be taken while performing this procedure [1-MED].  
5.2.1. Sujith speaks toward camera, interview style. 
Provided Media
Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

55387_Chen_Figure 7(a).tif  
55387_Chen_Figure 7(b).tif  
55387_Chen_Figure 9(a).tif  
55387_Chen_Figure 9(b).tif  
55387_Chen_Figure 9(c).tif  
55387_Chen_Figure 10(a).tif 
55387_Chen_Figure 10(b).tif 
55387_Chen_Figure 10(c)_corrected.tif 
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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