[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #:  61555
Scriptwriter Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=18774323

Title:   Improving the Combustion Performance of a Hybrid Rocket Engine using a Novel Fuel Grain with a Nested Helical Structure

Authors and Affiliations: 

Zezhong Wang1,2, Xin Lin1,*, Fei Li1, Zelin Zhang1, Xilong Yu1,2

1Institute of Mechanics, Chinese Academy of Sciences, Beijing, China
2School of Engineering Science, University of Chinese Academy of Sciences, Beijing, China

☒   All author names and affiliations are correct.

*Corresponding Authors: 
[bookmark: _Hlk25233958]
Xin Lin 
linxin_bit@163.com

Email Addresses for All Authors: 

 zezhongwon@163.com
 lifei@imech.ac.cn
 zelinchang@163.com
 xlyu@imech.ac.cn
linxin_bit@163.com


Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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 video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? Three locations, walking distance.
 


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

Current Protocol Length

Number of Steps:  15
Number of Shots:  39

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· 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: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Zezhong Wang: This method can help answer the question of how to improve the combustion performance of grains.

REQUIRED: What is the main advantage of this technique?
1.2. Zezhong Wang: The helical structure of fuel grains will not disappear with the combustion process.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. 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.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Zezhong Wang: This method can also be applied to grain forming with different material combinations, such as ABS/PE wax.

OPTIONAL: 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. 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.

OPTIONAL: Why is visual demonstration of this method critical?
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.

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.7.1. INTERVIEW: Author saying the above. 
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.
1.8. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded 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 one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Preparation of Fuel Grain
2.1. Begin by preparing the acrylonitrile-butadiene-styrene, or ABS, substrate using 3D software [1]. Save the 3D substrate structure as a STL file, then open the 3D slicing software and import the structure. Click Start Slicing and select Speed print mode from Main Template [2].
2.1.1. WIDE: Establishing shot of talent at the computer using the 3D software.
2.1.2. SCREEN: Substrate structure saved, opened in the slicing software, Start clicked, and Speed selected. Authors: Please acquire screen capture videos for all SCREEN shots and upload them to your project page. If any of the shots marked SCREEN are not performed on the computer or you are unable obtain screen capture videos, please let me know.
2.2. Double-click Speed, then change the infill density to 100% and select Raft with Skirt for the Platform Addition. Click Save and Close, and then click Slice [1].
2.2.1. SCREEN: Speed clicked, infill density changed, Raft with Skirt selected, Save and close clicked, then Slice clicked.
2.3. Turn on the 3D printer and import the ABS substrate slice file [1]. Set the temperature of the heated bed and nozzle to 100 and 240 degrees Celsius, respectively [2]. Click Start to print after stabilization [3].
2.3.1. Talent turning on the printer and importing the slice file. 
2.3.2. Talent setting the temperatures. 
2.3.3. Talent clicking start. 
2.4. For paraffin-based fuel preparation, prepare raw materials of paraffin, polyethylene wax, stearic acid, ethylene-vinyl acetate, and carbon powder [1]. Configure the paraffin-based fuel according to manuscript directions and place the configured materials into the melt mixer [2], then melt and stir them until completely mixed [3].
2.4.1. Raw materials in labeled containers. 
2.4.2. Talent putting materials in the mixer. 
2.4.3. Talent melting and stirring the materials. 
2.5. [bookmark: _Hlk36473166]Place the ABS substrate into the centrifuge and secure it with an end cap [1]. Plug in the power and turn on the water-cooling pump switch [2], then turn on the centrifuge relay and increase the speed to 1400 rpm [3].
2.5.1. Talent placing the substrate in the centrifuge and securing it with an end cap. 
2.5.2. Talent plugging in the power and turning on the pump switch. 
2.5.3. Talent turning on the centrifuge relay and increasing the speed. 
2.6. Open the valve on the melt mixer and start casting [1]. Remove the fuel grain and trim the shape [2]. Measure and record the weight, length, and inner diameter of the complete fuel grain [3] and photograph it [4].
2.6.1. Talent opening the valve and starting the casting.
2.6.2. Talent removing fuel grain and trimming it. 
2.6.3. Talent measuring the length of the fuel grain. 
2.6.4. Talent photographing the fuel grain.
3. Preparation of Hybrid Rocket Engine System
3.1. To assemble the hybrid rocket engine, fix the combustion chamber section on the slide rail [1], load the fuel grain [2], and install the post-combustion chamber section [3].
3.1.1. Talent fixing the combustion chamber section on the slide rail. 
3.1.2. Talent loading the fuel grain. 
3.1.3. Talent installing the post-combustion chamber section.
3.2. Install the head and nozzle [1], then install the torch igniter on the head of the hybrid rocket engine [2]. Install the spark plug and connect the power supply [3]. Connect the nitrogen, oxidizer, ignition methane, and ignition oxygen gas supply lines between the test bench and the gas cylinder [4].
3.2.1. Talent installing the head and nozzle. 
3.2.2. Talent installing the torch igniter. 
3.2.3. Talent installing the spark plug and connecting the power supply. 
3.2.4. Talent connecting the gas lines. 
3.3. Connect the industrial computer, the multi-function data acquisition card, the mass flow controller, and the control box of the test bench [1]. Power on the test bench, the mass flow controller, and the igniter [2].
3.3.1. Talent connecting the components. 
3.3.2. Talent powering on the test bench, mass flow controller, and igniter.

4. Checking the Test System and Hybrid Rocket Engine Ignition
4.1. Open the FlowDDE software and click on Communications settings. Click the corresponding connection interface and click OK. Click Open communication to establish communication with the flow controller, then open the measurement and control program, or MCP [1].
4.1.1. SCREEN: Flow DDE software opened, Communications clicked, connection interface selected and Ok clicked, Open communications clicked, and MCP opened. 
4.2. Set the input and output channel of the multi-function data acquisition card and click Run to establish communication with the entire system. Check the MCP running status and set it to manual control mode [1].
4.2.1. SCREEN: I/O channels set, Run clicked, MCP set to manual control mode.
4.3. Check the working condition of the spark plug [1] and perform a valve test [2]. Test the data recording function. Next, open the setting interface and set test time, including valve opening and closing time, ignition time, and data recording duration [3].
4.3.1. Talent checking the spark plug. 
4.3.2. Talent performing a valve test. 
4.3.3. SCREEN: Data recording function tested and test times set.
4.4. Set safety requirements and clear personnel from the experimental area [1]. Open the cylinder valve and adjust the output pressure of the regulating valve according to the different mass flow rate conditions [2]. Open the setting interface and set the oxidizer mass flow rate [3].
4.4.1. Talent instructing personnel about safety requirements. 
4.4.2. Talent opening the cylinder valve and adjusting the output pressure. 
4.4.3. SCREEN: Oxidizer mass flow rate set. 
4.5. Turn on the camera, then set the MCP to automatic control mode and wait for trigger. Click Start on the MCP to start the experiment [1]. After about one minute, click Stop and turn off the camera [2].
4.5.1. [bookmark: _Hlk51940412]SCREEN: Automatic control mode set, Start clicked.
4.5.2. [bookmark: _Hlk51940457]SCREEN: Stop clicked.
4.6. Close the gas cylinder [1] and open the valve in the pipeline to relieve the pressure [2]. Power off the test bench and remove the fuel grain [3]. Measure and photograph the fuel grain as previously demonstrated [4].
4.6.1. Talent closing the gas cylinder. 
4.6.2. Talent opening the valve. 
4.6.3. Talent removing the fuel grain. 
4.6.4. Talent photographing the fuel grain. 



Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
2.2, 2.3, 2.4, 2.5, 4.3

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
2.3. In order to ensure the success rate of printing, we usually apply solid glue on the hot plate to increase the adhesion between the ABS substrate and the hot plate.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 

5. Results: Comparison of Novel Fuel Grain with Paraffin-based Fuel Grain 
5.1. Changes in combustion chamber pressure and oxidizer mass flow rate are shown here [1]. To provide the necessary time for flow regulation, the oxidizer enters the combustion chamber in advance [2]. 
5.1.1. LAB MEDIA: Figure 7.
5.1.2. LAB MEDIA: Figure 7. Video Editor: Emphasize the red line.
5.2. When the engine builds pressure in the combustion chamber, the oxygen mass flow rate drops rapidly and then maintains a relatively steady change [1]. During the combustion process, the pressure in the combustion chamber remains stable [2].
5.2.1. LAB MEDIA: Figure 7. Video Editor: Emphasize the point where the red line slightly dips a little after 8 s. 
5.2.2. LAB MEDIA: Figure 7. Video Editor: Emphasize the black line.
5.3. A comparison of combustion chamber pressure oscillation frequency is presented here [1]. The pressure fluctuation spectrum of the novel fuel grain contained three distinct peaks, which were associated with the hybrid low frequency, Helmholtz mode, and the acoustic half-wave in the combustion chamber [2].
5.3.1. LAB MEDIA: Figure 8. 
5.3.2. LAB MEDIA: Figure 8. Video Editor: Emphasize the 3 peaks in the top graph. 
5.4. The positions of the pressure peaks of the novel fuel grain were basically the same as that of the paraffin-based fuels, which indicates that the novel structure is not likely to introduce additional combustion oscillations [1].
5.4.1. LAB MEDIA: Figure 8. 
5.5. Regression rate as a function of oxidizer flux was compared between the fuel grains [1]. At the same oxidizer mass flow rate, the regression rate of the novel fuel grain was higher than that of the paraffin-based fuel and the gap gradually widened as the oxidizer flux increased [2].
5.5.1. LAB MEDIA: Figure 9. 
5.5.2. LAB MEDIA: Figure 9. Video Editor: Emphasize the increasing gap between the 2 lines.
5.6. [bookmark: _Hlk44336405]Characteristic velocity was used to compare combustion efficiency [1]. The novel fuel grain exhibited a higher characteristic velocity than paraffin-based grains at various oxidizer and fuel ratios. This corresponds to an average increase of combustion efficiency of about 2% [2].
5.6.1. LAB MEDIA: Figure 10. 
5.6.2. LAB MEDIA: Figure 10. Video Editor: Emphasize b. 




Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
6.1. Zezhong Wang: (2.4) Remember that the casting temperature of paraffin-based fuel cannot be higher than 120℃.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
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. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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