[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 59522
Scriptwriter Name: Tara Cass
Project Page Link: https://www.jove.com/account/file-uploader?src=18154258

Title: Fabric Moisture Uniform Control to Study the Influence of Air Impingement Parameters on Fabric Drying Characteristics

Authors and Affiliations: Zhong Xiang1, Yefeng Huang1, Xudong Hu1, Miao Qian1, Zhewei Zhao1

[bookmark: _Hlk8117355]1 Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University


Corresponding Author: 
Miao Qian
meqiaomiao@zstu.edu.cn

Email addresses for Co-authors: 
xz@zstu.edu.cn
201820501016@mails.zstu.edu.cn
xdhu@zstu.edu.cn
201620501076@mails.zstu.edu.cn



Author Questionnaire: 
1. Microscopy: Does your protocol involve video microscopy? N 
2. Does your protocol include 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.
3. Which steps from the protocol section below will viewers benefit most from having filmed? 2.3, 2.5, 2.10, 3.2, 3.8 (screen capture)
[bookmark: _Hlk8116921]4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.10: We manually adjust the pressure regulators to control the air pressure to the couple of the clamp cylinder, which are connected to the upper roller of the padder, that the residual moisture in the fabric can be controlled. Ensure that the pressure on the both sides of the roller must be equal that the moisture content of the fabric distribute at each area is even.
5. Will the filming need to take place in multiple locations? N

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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look. (Please note that the dedicated author webpage has sound.)

[bookmark: _Hlk8117401]REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.
[bookmark: _Hlk8122118]Zhong Xiang: This protocol provides a method for drying performance analysis based on surface temperature distribution instead of single-point temperature, which is the traditional way. [1]
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
[bookmark: _Hlk8122140]Miao Qian: As part of this, we developed a technique to obtain even moisture distribution in the fabric for investigating the drying performance of fabric under air impingement. [1]
1.1.2. 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.
[bookmark: _Hlk8122159]Yefeng Huang: This method could provide insight into the drying of textiles in the heat-setting process, and it could be applied in the paper drying industry. [1]
1.1.3. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)
Miao Qian: Demonstrating the procedure will be Jinghan Wang, a grad student from my laboratory. [1][2] Videographer NOTE: It was actually Yefang Huang who demonstrated this procedure (one of the interviewees) Jinghan Wang only appeared in this part of the video, and did not take part in any of the demonstrations.
1.1.4. INTERVIEW: Named talent says the statement above in an interview-style shot, looking toward the camera.
1.1.5. The named demonstrator looks up from a workbench or desk and acknowledges the camera.
Video Editor: Jinghan Wang’s affiliation is: Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University (same as the authors’).



Section - Protocol
2. Experiment Setup
To begin, start heating an oven to 120 degrees Celsius. Let it dry at that temperature for 30 minutes. [1]
2.1.1. WIDE: Talent approaches the drying stove, sets it to start heating to 120 °C, and then moves away.
Meanwhile, ensure that a hot-air blower is connected to an air nozzle. [1-TXT] Over the course of about 30 seconds, slowly move the air nozzle to between 60 and 90 degrees with respect to the sample position. [2]
2.1.2. Talent checks that the air nozzle is securely connected to the tubing. TEXT: See text for details.
2.1.3. Talent slowly adjusts the air nozzle to reach the desired angle.
Next, turn on the air-blower fan. Then, supply power to the resistance wire of the heating element. [1-TXT] Adjust the current until the desired air temperature is achieved. [2]
2.1.4. Talent switches on the air blower fan, and then switches on the resistance wire. TEXT: Turn on the air blower fan before the heating element.
2.1.5. Talent adjusts the current while watching the digital temperature sensor. Videographer: This is an important step in the procedure.
Yefeng Huang: The nozzle and air may be very hot. Do not touch the nozzle and avoid letting the hot air blow directly on your body during the experiment. [1]
2.1.6. INTERVIEW: Named talent says the statement above in an interview-style shot, looking toward the camera.
Next, hold an anemometer (ann-uh-mom-et-er /ˌæn əˈmɒm ət ər/) probe perpendicular to the air nozzle and measure the air velocity. [1] Adjust the rotation speed of the fan to reach the desired velocity. [2]
2.1.7. Talent holds the anemometer probe perpendicular to the outlet of the air nozzle and looks at the readout showing the air flow velocity. Videographer: This is an important step in the procedure.
Videographer NOTE: This was filmed at the end of the shoot - wide shot of two people checking the velocity with one holding the probe and the other changing the velocity - requested as a re-shoot by author
2.1.8. Talent uses the frequency converter to adjust the fan speed to the appropriate velocity.
After that, cover the air nozzle with a heat insulation cover to shield the sample area during setup. [1] Then, mount an infrared thermographic camera about a meter above the air nozzle. [2]
2.1.9. Talent places the heat insulation cover over the outlet of the air nozzle. 
2.1.10. WIDE: Talent mounts the infrared thermograph on the support frame above the air nozzle.
Connect the thermographic camera to a computer and open the instrument software. [1] Then, use a needle plate fixture to mount a standard fabric sample 30 millimeters above the air nozzle outlet. [2] Focus the camera on the fabric. [3]
2.1.11. Talent opens the infrared thermograph software on the computer and sets the connection mode as Ethernet.
2.1.12. Talent fixes a fabric sample in the fixture.
2.1.13. MED-Over shoulder: An over-shoulder view of the infrared thermograph software as talent focuses the camera on the fabric.
Then, set the temperature unit to degrees Celsius, the thermal radiance to 0.95, the ambient relative humidity to 50%, the ambient temperature to 25 degrees Celsius, and the distance between the measured object and the camera to 1.5 meters. [1]
2.1.14. SCREEN: To be provided by the authors – In the software, set the temperature unit to °C, the thermal radiance to 0.95, the ambient relative humidity to 50%, the ambient temperature to 25 °C, and the distance between the measured object and the camera to 1.5 m. Authors, please upload this screen capture to your project page.
Next, confirm that the uniform padder system is connected to an air compressor. Start the compressor and set its maximum output to 0.8 megapascals (meg-uh-pah-skalls /ˈmɛg ə pɑˌskɑls/). [1]
2.1.15. WIDE: Talent checks that the uniform padder system is connected to the air compressor, and then starts the compressor and sets the maximum output to 0.8 MPa. Videographer NOTE: There were two readings for this - one was .8 and other was .5 - please check with authors for exact clarification
Manually adjust the pressure regulators for the clamp cylinders to ensure that the pressure will be equal on both sides of the upper roller. [1]
2.1.16. Talent manually adjusts the pressure regulators to the couple of the clamp cylinders until they are at the same pressure. Videographer: This is a critical step in the procedure.
Place a water-saturated, pre-weighed fabric sample on the upper roller and run the uniform padder. Turn off the padder afterwards and confirm that the moisture content is even throughout the sample. [1-TXT]
2.1.17. Talent places a saturated piece of fabric on the upper roller, runs the padder, and then turns off the padder when the fabric has passed through the rollers. TEXT: See text for calculations. Video Editor: Please wait to show this text overlay until “and confirm…” in the voice-over.
Lastly, once the oven is dry, set it to the sample drying temperature. [1]
2.1.18. With the drying stove now at 120 °C, talent sets the drying stove to 45 °C.
3. Fabric Sample Preparation and Testing
To begin preparing the fabric sample, cut a 400-millimeter-by-280-millimeter fabric square [1] and dry it in the oven for about three hours. Weigh the dry fabric, [2-TXT] and then soak it in water for 5 minutes. [3]
3.1.1. Talent cuts a 400mm x 280mm fabric specimen from a larger piece of fabric. 
3.1.2. Talent places a dry piece of fabric on the balance and writes down the mass shown on the balance readout. TEXT: Dry ~3 h Video Editor: Please show the text overlay during “dry it…three hours” in the voice-over.
3.1.3. Talent places the dry fabric piece in a container of water.
Then, turn on the padder and set the desired initial pressure. [1] Lay the saturated fabric on the top roller of the uniform padder. [2] Once the sample passes through the rollers, retrieve the sample and turn off the padder. [3] 
Videographer NOTE: 3.2.1. – 3.2.3. were filmed in one take - refer to 2.10.1 and 2.11.1 with different takes
3.1.4. Talent places a wet fabric piece on the top roller of the uniform padder.
3.1.5. Talent turns on the padder and sets the initial pressure on the pressure regulators. Videographer: This is an important step in the procedure.
3.1.6. WIDE: When the fabric finishes passing through the padder, talent turns off the padder and removes the sample from the padder. Videographer: This is an important step in the procedure. 
Weigh the wet fabric sample and calculate the moisture content. [1] If needed, dry the rollers with a paper towel and [2] run the fabric through the uniform padder again until the desired moisture content is achieved. [3]
3.1.7. Talent places the wet fabric sample on the electronic balance and writes down the mass reading. Videographer NOTE: Did not shoot 3.3.1 – 3.3.2 at advice of authors - only required if the desired moisture content is not achieved - check with authors regarding change of script if needed.
3.1.8. Talent dries the rollers with a paper towel. 
3.1.9. WIDE: Talent places the wet fabric sample on the top roller and starts the uniform padder.
Then, confirm that the air blower temperature and velocity are set correctly [1] and that the nozzle is covered with the thermally-insulating board. [2]
3.1.10. Talent re-checks the air flow velocity with the handheld anemometer.
3.1.11. Talent covers the nozzle with the thermal resistance board.
Mount the sample in the needle plate fixture [1] and start recording the sample temperature with the thermographic camera. [2] Videographer NOTE: 3.5.1. – 3.5.2. Slated as 3.5.1 TI + TII
3.1.12. Talent fixes the sample in the needle plate fixture.
3.1.13. MED-Over shoulder: An over-shoulder view of the software as talent starts to record the sample temperature.
Remove the heat insulating cover so that hot air impinges (im-pinj-es /ɪmˈpɪnʤ əs/) on the underside of the sample. [1] Monitor the increasing fabric temperature on the computer. [2]
3.1.14. Talent removes the heat insulation cover from the nozzle.
3.1.15. SCREEN: To be provided by the authors – Show 5 to 6 seconds of the temperature increasing on the graph in the software. Authors, please upload this screen capture to your project page.
Once the temperature is approximately stable for at least 30 seconds, the fabric has dried to the target level. Stop recording the temperature, [1] cover the nozzle with the heat insulating cover, and remove the sample from the fixture. [2]
3.1.16. SCREEN: To be provided by the authors – Show the temperature being recorded at its steady state for 8-9 seconds (like in the 3.7.1 example video); then, stop recording the temperature. Authors, please upload this screen capture to your project page.
3.1.17. [bookmark: _GoBack]Talent covers the nozzle with the heat insulation cover and removes the fabric from the needle fixture. Videographer NOTE: 3.7.2. slated as 3.7.1
Set the target area in the video for analysis and extract the temperature data. [1] Navigate through the video and save individual frames from notable points in time as pseudocolor images. [2]
3.1.18. SCREEN: To be provided by the authors – Use the post-processing tool to set the target analysis area, and then extract the temperature data. Authors, please upload this screen capture to your project page.
3.1.19. SCREEN: To be provided by the authors – Navigate the video to one of the drying stages and save the video frame as a colorful image. Authors, please upload this screen capture to your project page.
Convert the saved frames to greyscale and identify the intensity value for the fabric that is close to the hot air temperature. [1] Binarize (bine-uh-rize /ˈbaɪn əˌraɪz/) the greyscale images using that value as the threshold to display the dry regions. [2]
3.1.20. SCREEN: To be provided by the authors – Apply the weighted average method to greyscale the image. Authors, please upload this screen capture to your project page.
3.1.21. SCREEN: To be provided by the authors – Set the threshold to the greyscale value in the image for the hot air temperature to binarize the image. Authors, please upload this screen capture to your project page.


Section – Results
4. Results: Drying Process of Cotton Fabric
This cotton fabric showed a clear temperature decay from the center to the periphery under air impingement (im-pinj-ment /ɪmˈpɪnʤ mənt/) drying. [1] The center of the drying fabric reached a steady-state temperature after 20 seconds of heating. [2] Minimal heating was observed at the edges of the impingement area. [3]
4.1.1. LAB MEDIA: Figures 2a-2d – Video Editor: Please label 2a as ‘0 s’, 2b as ‘5 s’, 2c as ‘20 s’, and 2d as ‘50 s’ (these are the drying times).
4.1.2. LAB MEDIA: Figure 2e – Video Editor: On “20 seconds” in the voice-over, highlight the line marked with green triangles (corresponding to the data collected at 20 seconds of drying).
4.1.3. LAB MEDIA: Figure 2e – Video Editor: Please highlight the areas of the graph between -35 and -40 on the x-axis (horizontal axis) and between 35 and 40 on the x-axis (the left and right edges of the data). Please see ‘Figure2modified.tif’ for an example.
Increasing the temperature of the impinging (im-pinj-ing /ɪmˈpɪnʤ ɪŋ/) air sped up the time to dryness, [1] as did increasing the air velocity. [2] The fabric thickness also significantly affected the drying time. [3]
4.1.4. LAB MEDIA: Figures 3a and 3b – Video Editor: Please emphasize 3a and add a left-pointing arrow spanning about x = 10 to x = 25 (to show that the point at which the lines flatten out moves to the left as the temperature increases) on 3a.
4.1.5. LAB MEDIA: Figures 3a and 3b – Video Editor: Please emphasize 3b and add a left-pointing arrow spanning about x = 30 to x = 15 on 3b.
4.1.6. LAB MEDIA: Figure 3c –Video Editor: Please add the caption ‘Wa = 48 g/m2’.
Air impingement angles under 75 degrees [1] substantially decreased the temperature at the drying center [2] and increased the time to dryness. [3]
4.1.7. LAB MEDIA: Figure 3d – Video Editor: Highlight the green and dark blue lines (corresponding to 70° and 65°). Please maintain this highlighting during 4.3.1-4.3.3.
4.1.8. LAB MEDIA: Figure 3d – Video Editor: Please show a down-pointing arrow spanning y = 110 to y = 85 (showing the decrease in maximum temperature across the datasets).
4.1.9. LAB MEDIA: Figure 3d – Video Editor: Please show a right-pointing arrow spanning about x = 15 to x = 30 (showing the increase in drying time as the angle decreases).
Air impingement angles under 75 degrees also corresponded to smaller impingement areas. [1] Binarization (bine-er-uh-zaysh-un /ˌbaɪn ər əˈzeɪʃ ən/) analysis showed that [2] a 70-degree impingement angle reduced the drying area by about 20% [3] and a 65-degree angle reduced the area by about 40% relative to a 90-degree angle. [4]
4.1.10. LAB MEDIA: Figures 3d and 3e – Video Editor: Please add 3e under 3d.
4.1.11. LAB MEDIA: Figure 3f – Video Editor: Add the caption ‘0.61 : 0.81 : 1.07 : 1.02 : 1.01 : 1’ under 3f. Please maintain this caption throughout showing 3f.
4.1.12. LAB MEDIA: Figure 3f – Video Editor: Please highlight the 70° square in 3f and the ‘0.81’ part of the caption.
4.1.13. LAB MEDIA: Figure 3f – Video Editor: Please highlight the 65° square in 3f and the ‘0.61’ part of the caption.




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
[bookmark: _Hlk8117938]Zhong Xiang: The keys to obtaining the accurate drying performance of thin fabrics are the even distribution of initial moisture content and the contactless measurement of surface temperature. [1] (Steps 3.2 and 3.5-3.6)
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Video Editor: Step 3.2 shows the technique for evenly distributing moisture in fabric and 3.5.2, 3.6.1, and 3.6.2 show the sequence of actions for the contactless measurement of surface temperature.
Miao Qian: This research paves the way for further studies of the drying characteristics of sheet materials such as fabric and paper. [1]
5.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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