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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film the interviews here: MM/DD/YYYY	Comment by Poornima  G: Authors, these are for interviews only. Don’t film the interviews yet. Wait for a final script from me.

DO NOT use this draft script for filming the interviews. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our China Location Producer, Yuan Yue.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  24
Number of Shots:  49 (48 SC) 

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud.
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 	Comment by Poornima  G: Authors, please fill answers for 3 to 5 questions and send me the draft
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Simulation Analysis: Model Pre-Processing and Mesh Partitioning
Demonstrator: Click here to enter name of demonstrator(s)

2.1. [bookmark: _Hlk205859895]To begin, open the Workbench workstation [1] and drag the geometry from Toolbox, Component Systems and Geometry into the project schematic area [2]. Right-click on the geometry, select Import Geometry Model to import the completed model, and click to edit the geometry model in Space Claim [3]. 
2.1.1. WIDE: Talent taking a seat at the computer table.
2.1.2. SCREEN: 68328_R2(5).mp4 00:00 – 00:10
2.1.3. SCREEN: 68328_R2(5).mp4 00:11 – 00:24

2.2. In the Space Claim toolbar, click on Repair, then select Additional Edges and Split Edges to complete the repair, merging the affected split lines [1]. Then, click on Design and Selection in Selection, select the inner surface of the model, and click Create NS in the group, naming it Inlet [2]. 
2.2.1. SCREEN: 68328_R2(5).mp4 00:44 – 01:02
2.2.2. SCREEN: 68328_R2(5).mp4 01:08 – 01:26

2.3. Using the same process, click on the outer surface and name it Outlet [1]. Then, click on the smooth lower wall surface and name it B as the wall surface where the oil film contacts the passive friction pad [2]. Select all unnamed surfaces and name them Z as the rotating wall surface where the oil film contacts the active friction pad [3]. Now, exit Space Claim and save the file to complete the pre-processing of the model [4].
2.3.1. SCREEN: 68328_R2(5).mp4 01:27 -1:40
2.3.2. SCREEN: 68328_R2(5).mp4  01:40-01:50
2.3.3. SCREEN: 68328_R2(5).mp4 02:04-02:10
2.3.4. SCREEN: 68328_R2(5).mp4 02:11 – 02:18

2.4. In the Workbench workstation, drag Fluent from Toolbox, Component Systems and  Fluent into the project schematic area where the geometry has been added [1]. Click on Geometry and drag the mouse to the mesh in the Fluent project to link its Mesh Module to the Upstream Data of the geometry [2]. 
2.4.1. SCREEN: 68328_R2(5).mp4 02:19 – 02:28
2.4.2. SCREEN: 68328_R2(5).mp4 02:29 – 02:40

2.5. Double-click to open the mesh and select Watertight Geometry for mesh partitioning, then follow the workflow step-by-step [1] to import the geometry model and add Local Sizing [2]. Click Generate Surface Mesh, set the Minimum Size to 0.3 millimeters, the maximum size to 8 millimeters, and the Curvature Norm Angle to 10. After setting these parameters, click Generate the Surface Mesh [3]. 
2.5.1. SCREEN: 68328_R2(5).mp4 03:26-03:33
2.5.2. SCREEN: 68328_R2(5).mp4 04:02-04:06
2.5.3. SCREEN: 68328_R2(5).mp4 04:07 – 04:32

2.6. Check the surface mesh quality by right-clicking on the generated surface mesh and selecting Insert Improved Surface Mesh Quality. Set the Minimum Mesh Quality to 0.7 and click OK to complete the improvement [1]. Click Describe Geometry Model, selecting the geometry model as consisting solely of a fluid region with no gaps, keeping other options at their defaults [2]. 
2.6.1. SCREEN: 68328_R2(5).mp4 05:18 – 05:46
2.6.2. SCREEN: 68328_R2(5).mp4 05:48 – 06:00

2.7. Sequentially click Describe Geometry Structure and Update Region Type Settings, maintaining the default settings and completing the process [7]. Click Add Boundary Layer, selecting 3 for the number of layers, while keeping other settings at their defaults [8]. 
2.7.1. SCREEN: 68328_R2(5).mp4 06:01 – 06:14
2.7.2. SCREEN: 68328_R2(5).mp4 06:18 – 06:28

2.8. Click Generate Volume Mesh [1] and insert an Improved Volume Mesh Quality to ensure its quality exceeds 0.12 [2]. After generating the mesh, click Switch to Solution  and wait for the mesh partitioning and import to the analysis module to complete [3].	Comment by Poornima  G: This has been changed to ”solution” to match what is being shown in the video
2.8.1. SCREEN: 68328_R2(5).mp4 06:31 – 06:34
2.8.2. SCREEN: 68328_R2(5).mp4  13:10 – 13:20
2.8.3. SCREEN: 68328_R2(5).mp4 14:08 – 14:20



3. Simulation Solving
Demonstrator: Click here to enter name of demonstrator(s)


3.1. Switch from Mesh Partitioning to Solver Mode. Once the mesh has finished loading, click on Check in the General menu to validate the effectiveness of the finite element model and check whether the mesh has any negative volume [1]. Open the Energy Equation in the model settings, enter the viscous model settings interface, select the Laminar Model, and enable the Viscous Heating option [2]. 
3.1.1. SCREEN: 68328_R2(5).mp4 14:50 – 15:04
3.1.2. SCREEN: 68328_R2(5).mp4 15:06 – 15:22

3.2. Modify the material parameters according to the properties of the two materials provided, adjusting the liquid material named Air [1] and the solid material named Aluminum [2]. 
3.2.1. SCREEN: 68328_R2(5).mp4 15:26 – 15:36 and 15:52-15:53 
3.2.2. SCREEN: 68328_R2(5).mp4 15:57-15:59 and 16:00-16:12

3.3. Click Boundary Conditions, select the active friction pad wall surface named Z, click on Momentum Settings, and set it as a rotating wall surface at 100 radians per second around the Y-axis with a shear condition of No Slip [1]. 
3.3.1. SCREEN: 68328_R2(5).mp4 16:18 -16:25 and 16:35– 16:44

3.4. Click Boundary Conditions, select the passive friction pad wall surface named B, click on Momentum Settings, and set it as a stationary wall surface with a shear condition of No Slip [1]. Set the energy transfer-related boundary conditions via System Coupling [2]. 
3.4.1. SCREEN: 68328_R2(5).mp4 16:46 – 16:56
3.4.2. SCREEN: 68328_R2(5).mp4 17:03 - 17:10

3.5. Next, set the outlet boundary conditions by selecting Outlet, setting it to Pressure Outlet with a gauge pressure of 0 [1]. Set the inlet boundary conditions by selecting Inlet, setting it to Velocity Inlet with a flow velocity of 1 meter per second and an inlet temperature of 30 degrees Celsius [2]. 
3.5.1. SCREEN: 68328_R2(5).mp4 17:11 – 17:24
3.5.2. SCREEN: 68328_R2(5).mp4 17:25 – 17:45

3.6. Click on the Solution settings, select the SIMPLEC (simp-lek) algorithm for the solution method, choose the First-Order Upwind format for momentum and energy, and keep the residual values at default [1]. Set the state of the computational domain at the initial moment with an initial temperature of 26 degrees Celsius, pressure of 0 pascal, and zero velocity in the X, Y, and Z directions [2]. 	Comment by Poornima  G: Authors, SIMPLEC was chosen in the video and hence the same has been put here
3.6.1. SCREEN: 68328_R2(5).mp4 17:49 – 18:10
3.6.2. SCREEN: 68328_R2(5).mp4 18:11 – 18:30

3.7. Set the number of iterations to 300, click Calculate, and wait for the results [1]. Once the calculations are complete [2], click Results followed by Reports and Fluxes, select Mass Flow Rate in Fluxes, and check inlet and outlet values to ensure the error is less than 0.1% [3]. 
3.7.1. SCREEN: 68328_R2(5).mp4 18:32 – 18:44
3.7.2. SCREEN: 68328_R2(5).mp4 25:36-25:38 
3.7.3. SCREEN: 68328_R2(5).mp4 25:46-26:02

3.8. Analyze the results by clicking Results followed by  Reports and Forces, selecting torque around the Y-axis for wall surface B, and interpret the viscous value as the shear torque from the oil film [1]. 
3.8.1. SCREEN: 68328_R2(5).mp4 26:06 – 26:30

3.9. Now, exit the fluid flow calculation module, drag Results from Toolbox, Component Systems and Results into the project schematic where the simulation is complete, then link the solution to the results module [1]. Enter the results, click on Calculators, select Function Calculator to solve for the average temperature of the oil film, and click Calculate to obtain the result [2].
3.9.1. SCREEN: 68328_R2(5).mp4 27:20 – 27:30
3.9.2. SCREEN: 68328_R2(5).mp4 27:34 – 27:38 and 28:04 – 28:20




4. Parameter Optimization

Demonstrator: Click here to enter name of demonstrator(s)


4.1. In Design-Expert software, click on NEW DESIGN (new design) [1]. Under Response Surface, select BOX-Behnken (box-behn-ken) to establish a three-factor, two-level optimization model [2]. 
4.1.1. SCREEN: 68328_R2(6).mp4 00:00 – 00:05
4.1.2. SCREEN: 68328_R2(6).mp4 00:06 – 00:14

4.2. Click on Numeric Factors to select three factors: the number of radial oil grooves in the friction pad, the depth of the grooves, and the arc length of the oil grooves, then fill in the corresponding table [1]. Enter the high and low-level values obtained from the analysis of the three influencing factors into the corresponding table [2]. 
4.2.1. SCREEN: 68328_R2(6).mp4 00:14 – 00:26
4.2.2. SCREEN: 68328_R2(6).mp4 00:27 – 00:46

4.3. Set the Center points per block to 5, then click on the next step to change the Response Variables to 2, which are the torque transmitted by the oil film and the average temperature of the oil film. Click Finish to generate 17 sets of random sample points [1].
4.3.1. SCREEN: 68328_R2(6).mp4 00:50 – 01:20 Video editor: Please speed up

4.4. Repeat the simulation analysis process to obtain the transmitted torque and average temperature of the oil film after recombination. Merge the predicted variables A, B, and C of the three influence combinations with the simulated results to form a new variable table [1]. 
4.4.1. SCREEN: 68328_R2(6).mp4 01:52 – 02:02

4.5. Then, select Quadratic for the Process Order in the model, choose Polynomial for the Model Type, and keep other settings at default [1]. After establishing the response surface model, calculate both torque and average temperature [2]. 
4.5.1. SCREEN: 68328_R2(6).mp4 02:10 – 02:20
4.5.2. SCREEN: 68328_R2(6).mp4 02:21 – 02:31

4.6. Conduct an error analysis of the model by clicking on Analysis of Variance and analyzing R² (R-squared) and Adeq Precision values in Fit Statistics to verify compliance with standards [1]. 
4.6.1. SCREEN: 68328_R2(6).mp4 02:32 – 02:52

4.7. Click on Optimization followed by Numerical and Criteria, keeping the ranges for the three influencing factors unchanged, then click Solutions to find the maximum torque and minimum average temperature for the approximate values [1]. Calculate the results for different arrays, labeling combination 1 as the optimal solution for the model [2].
4.7.1. SCREEN: 68328_R2(6).mp4 02:54 – 03:12
4.7.2. SCREEN: 68328_R2(6).mp4 03:13 – 03:20



Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 205.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. The modeling and simulation process identified and optimized friction plate groove parameters that significantly influence oil film temperature and transmitted torque [1]. Increasing the number of radial oil grooves from 12 to 20 caused a steady reduction in transmitted torque [2] and a decrease in the average oil film temperature [3].
5.1.1. LAB MEDIA: Figure 2.
5.1.2. LAB MEDIA: Figure 3. Video editor: Highlight the plotted “torque” value on black line for groove count 20 on the X-axis.
5.1.3. LAB MEDIA: Figure 3. Video editor: Highlight the plotted “ave temp” value on red line for groove count 20 on the X-axis.

5.2. Similarly, increasing the groove depth, arc length of radial grooves and number of circumferential oil grooves caused a similar reduction in transmitted torque [1] and a marked decrease in average oil film temperature to different extents [2].
5.2.1. LAB MEDIA: Figure 4, 5, 6. Video editor: Highlight the black “torque” points.
5.2.2. LAB MEDIA: Figure 4,5,6. Video editor: Highlight the red “ave temp” points.

5.3. Three representative groove structures produced distinct oil film temperature distributions [1], with notable differences in the outer ring's high-temperature zones [2].
5.3.1. LAB MEDIA: Figure 7. 
5.3.2. LAB MEDIA: Figure 7. Video editor: highlight the red outer areas in A B and C

5.4. The response surface model for average oil film temperature and torque showed a good alignment between predicted and actual values [1].
5.4.1. LAB MEDIA: Figure 8. 

5.5. The interaction of radial groove number and groove depth produced a sloped surface for torque response [1], while the interaction of groove depth and arc length showed a steeper gradient [2].
5.5.1. LAB MEDIA: Figure 9. Video editor: Highlight A.
5.5.2. LAB MEDIA: Figure 9. Video editor: Highlight B.

5.6. Whereas, the interaction of radial groove number and groove depth created a gradual gradient in average oil film temperature [1], while groove depth and arc length interaction yielded a sharper color transition [2].
5.6.1. LAB MEDIA: Figure 10. Video editor: Highlight A.
5.6.2. LAB MEDIA: Figure 10. Video editor: Highlight B.
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