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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy? N

2. Does your protocol demonstrate software usage? Y
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. Please upload all screen captured files to your project page by your script revision deadline.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

Step: 2.3, 3.1, 4.3, 4.6

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

Step: 2.3, 2.4

5. Will the filming need to take place in multiple locations (greater than walking distance)? (Y/N)
If yes, how far apart are the locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. 
· Each author may give two Introduction statements maximum (i.e., two Required, two Optional, or one Required + one Optional).

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Qi Kang: Microgravity science has undergone a fruitful development in China, we have carried out  ground experimental studies on oscillation and bifurcation in thermocapillary convection, and analyzed the coupled effect of buoyancy and thermocapillary force.  The present paper introduces the experiment payload on SJ-10 satellite, and the space experiment results. We believe it has great significance for study on strong nonlinear flow, and provides scientific guidance for materials growth. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



What is the main advantage of this technique?

1.2. Yongli Yin: Due to limited space resources and conditions, the experimental payload should be small in size, light in weight, anti-vibration, meanwhile, the scientific experiment can be completed automatically.  The payload consists fluid model, liquid storage and injection, temperature control and measurement,  CCD, and electrical control system, they are integrated into a box with a volume of 400×352×322 mm3, and the weight is 22.9±0.2kg.     The payload has a strong anti-vibration ability to prevent violent shock especially during the satellite launching process. Space experiment process is controlled automatically, and the experimental data can be transmitted to the Ground Station.(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 
· Each author may give two Introduction statements maximum (i.e., two Required, two Optional, or one Required + one Optional).

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Qi Kang: Space experiments are different with ground experiments, the space technology breakthroughs, such as liquid surface maintenance and liquid injection without bubbles, will further enhance the ability and technical level of microgravity experiments in fluid physics.   With the rapid development of space science and technology, more ang more researchers will participate in space experiments, this video will provide a good reference for them.   (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera




Are there any specific areas of research that this method could provide insight into? 
Can this method be applied to any other systems?

1.4. Li Duan: In microgravity environment, for liquid with free surface, there exists thermocapillary flow, caused by temperature gradient or concentration gradient, we experimental study it in space, and focus on flow destabilization, oscillation and transitions.  In order to observe the convection transition, temperature oscillation and liquid surface deformation, we used six thermocouples, an infrared thermal camera, and a displacement sensor to measure the frequency, amplitude and other physical quantities of the oscillation.  (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

How would you expect an individual who has never performed this technique to struggle? 
Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Author Name: ___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera


Why is visual demonstration of this method critical?

1.6. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.7. Qi Kang: Demonstrating the procedure will be Di Wu, Liang Hu, Jia Wang_(name of the person or persons), technicians (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  

1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.8. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name).
	OR
Procedures involving human subjects have been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name).


Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
· Each section must contain a minimum of 3 steps (~6 shots), so short sections may be combined.
2. Experimental Design and Preparation
2.1. Begin by constructing a copper annular liquid pool with an inner radius of 4 millimeters in diameter [1], an outer radius of 20 millimeters in diameter, and a height of 12 millimeters [2].
2.1.1. WIDE: Talent constructing pool 
2.1.1 WIDE：talent demonstrating the construction of the liquid pool
2.1.2. Shot of pool Video Editor: please indicate outer radius and height when mentioned as possible
2.2. Use a 20-millimeter-diameter polysulfone plate as the bottom of the liquid pool [1] and drill a small, 2-millimeter-diameter hole 6 millimeters away from the center of the plate as the liquid injection hole [2].
2.2.1. Talent placing plate at bottom of pool 
2.2.1 Talent showing the bottom of the liquid pool
2.2.2. Talent drilling hole
2.2.2 Talent demonstrating the location of the hole
2.3. Add sharp, 45-degree angle corners on the inner and outer side walls [1] and apply anti-creeping liquid to the inner and outer walls to a height greater than 12 millimeters [2].
2.3.1. Corner(s) being added OR Shot of pool with angles Video Editor: please emphasize angles when mentioned if second shot is used
2.3.1 Talent demonstrating the angles of the pool
2.3.2. anti-creeping Liquid being applied
2.4. Next, inject super low viscosity silicone oil into a hydraulic cylinder using the bubble-free technique [1] and heat the liquid to 60 degrees Celsius [2]. 
2.4. Next, select appropriate low viscosity silicone oil as the working fluid [1]  and heat the liquid to 60 degrees Celsius [2]. 
2.4.1. Oil being injected into cylinder
2.4.1 selecting the 2cSt silicon oil
2.4.2. Oil being heated
2.5. To discharge any gas from the oil, apply less than 150 pascals of pressure for 6 hours [1] followed by vacuuming of the liquid storage system until the pressure reaches just below 200 pascals [2].
2.5.1. Pressure being applied
2.5.2. System being vacuumed
2.6. Then relieve the valve to allow the silicone oil to fill in the vacuumed cylinder without gas [1].
2.6.1. Valve being relieved
2.7. To set up the injection system for the working liquid, select a step motor to drive the injection and suction of liquid [1] and apply a solenoid valve to control the on-off switch of the injection system [2].
2.7.1. Talent selecting step motor
2.7.2. Valve being applied
2.8. Use a universal joint to connect the step motor to the liquid cylinder [1] and use a 4-millimeter-outer diameter pipe to successively connect the liquid cylinder, solenoid valve, and injection hole [2].
2.8.1. Step motor being connected
2.8.2. Pipe being used to connect materials
3. Measurement System Establishment 
3.1. To establish the measurement system, place six thermocouples inside the liquid pool [1] to measure the temperatures at different points as illustrated in the figure [2].
3.1.1. [bookmark: _GoBack]WIDE: Talent placing thermocouple(s)
3.1.1 WIDE：talent demonstrating the thermocouples
3.1.2. LAB MEDIA: Figure 5
3.2. Place an infrared camera directly above the liquid surface [1] and rotate the lens to adjust the focus and to collect the temperature field information on the liquid-free surface [2].
3.2.1. Talent placing camera above liquid surface
3.2.1. talent demonstrating the infrared camera
3.2.2. Talent rotating lens
3.3. Adjust the displacement sensor to measure the displacement of a specific point of interest on the liquid surface [1] and use the CCD camera to focus on the liquid surface [2].
3.3.1. Talent adjusting sensor
3.3.2. Talent adjusting camera
3.4. Then record the change of the free surface [1]. 
3.4.1. Change being recorded or LAB MEDIA: To be provided by authors: Change being recorded	Comment by Bridget Colvin: Authors: If you use a lab media file for this step, please upload it to your project page.
4. Experimental Process
4.1. To begin the experiment, start the experiment control software [1] and turn on the power button [2].
4.1.1. WIDE: Talent starting software, with monitor visible in frame
4.1.2. Talent turning on power
4.2. To perform the liquid injection, apply 12 volts to the solenoid valve to open the valve [1] .
4.2.1. Talent applying voltage/opening valve
4.2.2. Talent turning on motor button/pushing motor
4.3. Turn on the motor button to push the motor at a step of 2.059 millimeters to inject 10,305 milliliters of silicone oil into the liquid pool [1].
4.3.1. Oil being injected
4.4. When all of the oil has been delivered, turn off the solenoid valve power to close the solenoid valve [1].
4.4.1. Power being turned off
4.5. To perform linear heating, set the heating target temperature to 50 degrees Celsius [1], the cooling target temperature to 15 degrees Celsius, and the heating rate to 0.5 degrees Celsius/minutes [1].
4.5.1. Talent setting temperatures, with monitor visible in frame
4.5.2. SCREEN: To be provided by authors: Cooling temperature and heating rate being set 	Comment by Bridget Colvin: Authors: Please upload all screen captured files to your project page by your script revision deadline. 
4.6. For data collection, set the sampling frequency of the infrared imager to 7.5 hertz, the thermocouple frequency and the displacement sensor to 20 hertz, and the CCD frequency to 24 hertz [1].
4.6.1. SCREEN: To be provided by authors: Frequencies being set
4.7. When all of the parameters have been set, click the data collecting system button [1] and monitor the temperature, displacement, and other information in the computer software [2].
4.7.1. Talent clicking data collecting system button
4.7.2. SCREEN: To be provided by authors: Temperature, displacement, etc being monitored OR LAB MEDIA: Figure 7
4.8. At the end of the analysis, turn off the power button [1].
4.8.1. Talent turning off button



OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author  , Step            :           (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
 

Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

5. Results: Representative Temperature Field and Oscillations Measurements of a Liquid-Free Surface 

5.1. In these infrared thermal images of the temperature distributions on a liquid-free surface in thermocapillary convection [1], a variety of oscillatory flow patterns can be observed [2], including radial oscillations and clockwise and counterclockwise circumferential rotations [3].

5.1.1. LAB MEDIA: Figure 8: JoVE Video Editor please emphasize top row of images
5.1.2. LAB MEDIA: Figure 8: JoVE Video Editor please emphasize middle row of images
5.1.3. LAB MEDIA: Figure 8: JoVE Video Editor please emphasize bottom row of images

5.2. In this representative experiment, the temperatures inside the fluid increased linearly with the temperature difference increase [1], with the temperature field fluctuating periodically once the temperature difference exceeded a certain threshold, indicating that the thermocapillary convection developed from a steady state to an oscillatory state [2].

5.2.1. LAB MEDIA: Figure 9 left graph: JoVE Video Editor please emphasize straightness of data lines/add horizontal data line in middle of data line cluster or similar
5.2.2. LAB MEDIA: Figure 9 left graph: JoVE Video Editor please emphasize “bumps” in data lines from about 3450-3700 s

5.3. In addition, the amplitude of the oscillatory temperature grew as the flow field evolved [1], as indicated in this spectrum analysis showing that the critical oscillation frequency was 0.064 hertz [2].

In the condition of a small-scale system on ground, although the buoyancy convection has been weakened, the flow is still a coupling of thermocsapillary convection and buoyancy convection, the space experiment results are different with ground experiment results.

5.3.1. LAB MEDIA: Figure 9 right graph
5.3.2. LAB MEDIA: Figure 9 right graph: JoVE Video Editor please add/emphasize arrow and 0.064 Hz text  

5.4. By comparing a large number of deformation data for the liquid-free surface measured by the displacement sensor and the temperature data of the fluid measured by the thermocouples [1], it was also observed that the surface deformation [2] and the temperature field in the fluid began to oscillate at the same time and at the same frequency [3].

5.4.1. LAB MEDIA: Figure 10
5.4.2. LAB MEDIA: Figure 10: JoVE Video Editor please emphasize data line in left graph
5.4.3. LAB MEDIA: Figure 10: JoVE Video Editor please emphasize data line in right graph


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
· Each author may give two Conclusion statements maximum.
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
6.1. Qi Kang: We report the development of the space experiment payload of thermocapillary convection carried out on SJ10 satellite and the space experiment results.  Two key technologies, maintenance of fluid surface and liquid injection without bubble, play a key role in space experiments, and will also be applied to more space experiments. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera) (Step: 2.3, 2.4, 2.5, 2.6, 2.7)
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Author Name: ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Li Duan: We hope that the present work can provide scientific basis and technical support. (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take. If no materials are hazardous, leave this statement blank.
6.4. Author Name: ___(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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