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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.1, 2.2, 2.3, 2.4, and 3.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.4
E.  Will the filming need to take place in multiple locations? N
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 study the refrigeration performance of a solar adsorption system with a solar collector trough. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Y. X. Li : This method can help answer key questions in the solar adsorption cooling field, such as how to improve the Coefficient of Performance and the Specific Cooling Power of the system.
1.2. Z. X. Yuan:  We first had the idea for this method a few years ago when we considered how to produce a cold environment by making use of solar energy.
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) N/A
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) N/A
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) N/A
Protocol: (read by voice talent at JoVE)
2. Experiment Setup
2.1. This is the solar adsorption refrigeration system on the campus of Beijing University of Technology. [1-WIDE] A principal component is an adsorption bed at the focus of a solar trough collector with a solar tracking device. [2-WIDE] The bed is connected to a condenser and an evaporator. [3-WIDE] The evaporator is seated on a water tank that will be cooled by the system. [4-CU]
2.1.1. The entire apparatus as talent arrives in frame near the solar collector
2.1.2. Ideally a different angle than 2.1.1, with talent in a position consistent with the previous shot. Talent pointing out the adsorption bed and solar collector
2.1.3. Talent pointing out the evaporator and condenser
2.1.4. Detail of the evaporator and water tank
2.2. A circulating water loop can cool the adsorption bed. [1-WIDE] The connections among these elements are in this schematic. [2-LM] The adsorption bed is connected to the evaporator and condenser by tubing. [3-LM] A pressure gauge monitors the pressure in the adsorption bed tube. [4-LM]
2.1.1. Talent pointing out elements of the water loop
2.1.2. LAB MEDIA: “Figure 1-top” (Authors: Please provide a schematic of the setup that is similar to the top image in Figure 1 of the manuscript. It should not have the numeric labels, nor should it have the key. The image should be high quality so that it can be expanded to fill the screen in the video. Use the file name “Figure 1-top”) (Video editor: In discussing this figure, I will refer to the numerically labeled elements in the top image of “Figure 1.png”. Please work with the analogous symbol in “Figure 1-top”) 
2.1.3. LAB MEDIA: “Figure 1-top” (Video editor: Referring to “Figure 1.png”, please highlight the symbol labeled “7” during “adsorption bed”, the symbol labeled “1” during “evaporator”, the symbol labeled “2” during “condenser” and, if possible, the lines connecting them during “tubing”)
2.1.4. LAB MEDIA: “Figure 1-top” (Video editor: Please highlight/point to the symbol labeled “6” in “Figure 1.png”)
2.2. A valve can isolate the adsorption bed. [1-LM] To release water vapor from the adsorption bed, open this valve and the one at the condenser. [2-LM] Close the condenser valve and open the evaporator valve when it is time for the adsorption bed to take in water vapor. [3-LM] A pump establishes a vacuum in the tubing connecting the bed, evaporator, and condenser. [4-LM]
2.2.1. LAB MEDIA: “Figure 1-top” (Video editor: Please highlight/point to the valve symbol, in this case the first “T” like symbol as one goes from the label “13” and the label “3a” in “Figure 1.png”)
2.2.2. LAB MEDIA: “Figure 1-top” (Video editor: Continue highlighting/pointing to the symbol in 2.3.1. In addition, highlight/point to the “T”-like symbol just before the symbols labeled “2” and “3b” in “Figure 1.png”)
2.2.3. LAB MEDIA: “Figure 1-top” (Video editor: Remove the highlight/pointer added in 2.3.2 and add it to the “valve” symbol just before the symbols labeled “1” and “3a”)
2.2.4. LAB MEDIA: “Figure 1-top” (Video editor: Please remove all highlighting from the previous shots. Highlight/point to the symbol labeled “4” in “Figure 1.png”)
2.3. When necessary, the circulating water loop cools the adsorption bed. [1-LM] Details of the adsorption bed are in this schematic. [2-LM] There is an outer glass tube. It is concentric with a solar absorbing tube. [3-LM-TXT] Between the two is a vacuum.[4-LM]
2.3.1. LAB MEDIA: “Figure 1-top” (Video editor: Please highlight the symbols labeled “10”, “11”, and “12” in “Figure 1.png”. Note that the symbol “10” forms a loop that goes through the symbol labeled “7”, but do not highlight “7”)
2.3.2. LAB MEDIA: “Figure 3-top” (Authors: Please provide the image from the top of Figure 3 separately without the numeric labels or the key. Use the file name “Figure 3-top”.)
2.3.3. LAB MEDIA: “Figure 3-top” [TEXT: Stainless steel coated with a layer of black chrome deposit](Video editor: Please highlight/point to the red horizontal lines during the first sentence. During the second, highlight/point to the black horizontal lines and add the onscreen text.)
2.3.4. LAB MEDIA: “Figure 3-top”
2.4. Inside the solar absorbing tube is a concentric copper tube for the water cooling system. [1-LM] This cross-section reveals that there is a mass transfer channel off the central axis. [2-LM] The region between the solar absorbing tube and the interior tubes is packed with adsorbent material with water as the refrigerant. [3-LM]
2.4.1. LAB MEDIA: “Figure 3-top” (Video editor: Please highlight/point to the blue region at the center of the figure)
2.4.2. LAB MEDIA: “Figure 3-top”, “Figure 3-bottom-AA” (Authors: Please provide an image that is the same as the A-A profile in Figure 3. There should be no numbers, labels, or measurement lines. The color scheme should be the same as in the top of Figure 3. That is, the outer circle representing the glass tube should be red; the circle representing the solar absorbing tube should be black, and the inner circle representing the cooling channel should be blue. Use the file name “Figure 3-bottom-AA”)(Video editor: Please add “Figure 3-bottom-AA” to suggest that it represents the cross-section of the “Figure 3-top” at the point labeled A-A. Highlight/point to the small, off-center circle in the figure at approximately “1 o’clock”)
2.4.3. LAB MEDIA: “Figure 3-top”, “Figure 3-bottom-AA” [TEXT: Adsorbent material: SAPO-34 or ZSM-5 zeolite](Video editor: Please Highlight/point to the region between the inner and middle concentric circles.)
2.5. There are temperature probes in the adsorbent material at different points in the system. [1-LM] Two are 140 millimeters from one end of the system. [2-LM] Five are arrayed at the middle of the system. [3-LM] Two more are 140 millimeters from  the other end of the system. [4-LM]
2.5.1. LAB MEDIA: “Figure 3-top”, “Figure 3-bottom-AA” (Video editor: Please highlight/point to the lines labeled “A-A”, “B-B”, and “C-C” in “Figure 3-top”. Note that two more images like “Figure 3-bottom-AA” will be added to its right over the course of the next shots)
2.5.2. LAB MEDIA: “Figure 3-top”, “Figure 3-bottom-AA” (Video editor: Please highlight/point to the circles at 12 and 6 o’oclock on “Figure 3-bottom-AA”)
2.5.3. LAB MEDIA: “Figure 3-top”, “Figure 3-bottom-AA”, “Figure 3-bottom-BB” (Authors: Please provide an image that is the same as the B-B profile in Figure 3. There should be no numbers, labels, or measurement lines. The color scheme should be the same as in the top of Figure 3. That is, the outer circle representing the glass tube should be red; the circle representing the solar absorbing tube should be black, and the inner circle representing the cooling channel should be blue. Use the file name “Figure 3-bottom-BB”) (Video editor: Please continue with the image from 2.6.2 without any highlighting. Add “Figure 3-bottom-BB” to the right of “Figure 3-bottom-AA” to suggest that it represents the cross-section of “Figure 3-top” at the point labeled “B-B”. Highlight/point to the circles at 12, 3, 6, and 7 o’clock)
2.5.4. LAB MEDIA: “Figure 3-top”, “Figure 3-bottom-AA”, “Figure 3-bottom-BB”, “Figure 3-bottom-AA” (Video editor: Add a second copy of “Figure 3-bottom-AA” to the right of “Figure 3-bottom-BB” to suggest it is the cross-section of the point labeled “C-C” in “Figure 3-top”. Highlight/point to the circles at 12 and 6 o’clock)
3. Experimental Method
3.1. To begin the cycle that results in refrigeration, start with the solar trough aligned to track the sun. [1-WIDE] Manually adjust the trough to maximize its exposure to the sun. [2-MED] Then move to isolate the adsorption bed. [3-WIDE] Do this by shutting off the valve connected to it. [4-MED][5-LM]
3.1.1. Talent aligning the trough so that it points toward the sun
3.1.2. Talent adjusting the trough to maximize exposure to the sun. If possible, demonstrate the change in alignment by showing the increased reflection in the trough. This may be a WIDE shot
3.1.3. Talent moving into position to turn the valve at the adsorption bed
3.1.4. Talent turning the valve to isolate the adsorption bed (Video editor: Please show this and shot 3.1.5 side-by-side. In any LAB MEDIA shown side-by-side with other video, feel free to focus in on the region of interest, but provide enough context for the viewer to be oriented)
3.1.5. LAB MEDIA: “Figure 1-top” (Video editor: In the rest of this section I will reuse LAB MEDIA shots from the previous section. One difference will be the highlighting. When highlighting/pointing to the valves, please consistently use one symbol for “open” and another for “closed”. [Possibly something green for “open” and something “red” for close] Please recreate shot 2.3.1 with the highlighting for “closed”)
3.2. Ensure that all valves are closed and that no cooling water circulates. [1-WIDE] Then start the controller for the solar tracking system. [2-MED] Over time, the system tracks the sun which heats the water-saturated adsorption bed under closed conditions. [3-WIDE] 
3.2.1. Talent checking valves and cooling system
3.2.2. Talent starting controller
3.2.3. The system in the sun. If you can do a time lapse sequence that shows the trough moving appreciably, please do it.
3.3. As the trough moves, monitor the bed pressure with the pressure gauge. [1-WIDE][2-LM] Wait for a pressure above the value for the condensation temperature of the environment. [3-CU] At an appropriate pressure, start the desorption process. [4-WIDE] 
3.3.1. Talent approaching trough and viewing the pressure gauge (Video editor: Please show this and shot 3.3.2 side-by-side)
3.3.2. LAB MEDIA: “Figure 1-top” (Video editor: Please recreate shot 2.2.4)
3.3.3. The reading on the pressure gauge showing a value above 4246 Pa (Consult the authors)  [TEXT: 4246 Pa for water at 30 ºC]
3.3.4. Talent moving from the pressure gauge to the valves 
3.4. Open the valves that allow a connection between the bed and the condenser. [1-MED][2-LM] As the water vapor flows, maintain solar heating to the adsorption bed. [3-WIDE] When the bed and condenser pressures are the same, turn off the valves between the bed and condenser. [4-MED][5-LM]
3.4.1. Talent opening the valves between bed and condenser (Video editor: Please show this and shot 3.4.2 side-by-side)
3.4.2. LAB MEDIA: “Figure 1-top” (Video editor: Please recreate shot 2.3.2 using highlighting for “open”)
3.4.3. The system in the sun with talent monitoring the pressure of the bed
3.4.4. Talent turning off the condenser valve (Video editor: Please show this and shot 3.4.5 side-by-side)
3.4.5. LAB MEDIA: “Figure 1-top” (Video editor: Please recreate shot 2.3.2/3.4.2 but with the highlighting for “closed”)
3.5. Next, obtain an aluminum foil sheet enough to cover the adsorption bed. [1-WIDE] Use it to shield the tube from solar radiation in order to start the adsorption process. [2-MED] 
3.5.1. Talent next to the adsorption bed obtaining/preparing to use and aluminum foil sheet
3.5.2. Talent using foil to shield the tube
3.6. Open the circulating water loop to cool the adsorbent material. [1-MED][2-LM] Monitor the bed pressure to identify when it is below the evaporator’s saturated vapor pressure. [3-MED] At that point, open the valves between the bed and the evaporator. [4-MED][5-LM] Let the water vapor rush into the bed. [CU]
3.6.1. Talent starting flow in the circulating water loop. This could be a WIDE (Video editor: Please show this and shot 3.6.2 side-by-side)
3.6.2. LAB MEDIA: “Figure 1-top” (Video editor: Please recreate 2.4.1)
3.6.3. Talent monitoring the bed pressure
3.6.4. Talent opening the valve to the evaporator (Video editor: Please show this and shot 3.6.5 side-by-side)
3.6.5. LAB MEDIA: “Figure 1-top” (Video editor: Please recreate shot 2.3.3 with highlighting for “open”)
3.7. Continue the adsorption process and record the change in bed temperature and bed pressure. [1-WIDE] When the bed and the evaporator have equal pressures, close the valves connecting the two. [2-MED][3-LM] Then, stop the flow in the water loop. [4-WIDE][5-LM] Finally, remove the aluminum foil block from over the adsorption tube to start the desorption process. [6-WIDE]
3.7.1. Talent at monitoring the temperature and/or pressure. This might take place at a computer
3.7.2. Talent closing valves between the bed and the evaporator (Video editor: Please show this and shot 3.7.3 side-by-side)
3.7.3. LAB MEDIA: “Figure 1-top” (Video editor: Please recreate shot 2.3.3 with highlighting for “closed”)
3.7.4. Talent stopping flow in the water loop 
3.7.5. LAB MEDIA: “Figure 1-top” (Video editor: Please recreate 2.4.1 to start, then remove the highlighting)
3.7.6. Talent removing the foil from the tube
4. Results: Characterization of the Bed during Adsorption and Desorption Processes 
4.1. These data are from the nine temperature sensors over the course of the adsorption process using SAPO-34 zeolite. (Voice talent: Pronounce “SAPO” as “SAHPO”) [1-LM] The plots are for sensors nearest to the evaporator, at the center of the rod, and furthest from the evaporator. [2-LM] Plotted together, the data demonstrates that adsorption at different sections starts at almost the same time. This suggests the mass transfer ability of SAPO-34 is good. [3-LM] The water cooling system prevented temperatures from rising after about 400 to 600 seconds of adsorption, except for at the far end of the tube. [4-LM]
4.1.1. LAB MEDIA: “Figure 4a.gif”, “Figure 4b.gif”, “Figure 4c.gif” (Video editor: Please arrange these left to right as listed.)
4.1.2. LAB MEDIA: “Figure 4a.gif”, “Figure 4b.gif”, “Figure 4c.gif” (Video editor: Please highlight the plots from left to right in turn as “nearest to the evaporator”, “at the center of the rod”, and “furthest from the evaporator” is voiced)
4.1.3. LAB MEDIA: “Figure 4a.gif”, “Figure 4b.gif”, “Figure 4c.gif”, “Figure 4-combined” (Authors: Please provide a version of Figure 4 without the arrows and text identifying the curves. The colors used should be consistent with “Figure 4[a-c].gif”. Use the file name “Figure 4-combined”)(Video editor: Please add the new image and remove the old images after suggesting that the new image is created by merging the first three.)
4.1.4. LAB MEDIA: “Figure 4-combined” (Video editor: Please add a vertical line starting at the value 600 on the bottom axis and extending to the top axis. Highlight/point to the lowest curve when “except for at the far end of the tube” is said.)
4.2. Different adsorption materials have different heat transfer properties. [1-LM] These data compare temperatures of SAPO-34 zeolite, in black, and ZSM-5 zeolite, in red, during desorption. [2-LM] Solar intensity data for the two different trials do not suggest a great difference in heating. [3-LM]
4.2.1. LAB MEDIA: “Figure 5.gif” 
4.2.2. LAB MEDIA: “Figure 5.gif” (Video editor: Please highlight the temperature [left] axis throughout this shot. Highlight/point to the black data points in the lower part of the image when “SAPO-34 zeolite is voiced and the red data points in the lower part of the image when “ZSM-5 zeolite” is voiced)
4.2.3. LAB MEDIA: “Figure 5.gif” (Video editor: Please highlight the intensity [right] axis throughout this shot. In some way call attention to the two curves in the upper part of the image)
4.3. Despite this, the temperature increase in the ZSM-5 zeolite was 32 ºC, while that in the SAPO-34 zeolite was 17 ºC. [1-LM] The ZSM-5 has better heat transfer characteristics in comparison with SAPO-34. [2-LM]
4.3.1. LAB MEDIA: “Figure 5.gif” (Video editor: Please point out the difference between the lowest and highest values of the temperature data points for each material [SAPO-34 and ZSM-5]. This could be a horizontal line starting at the lowest points and extending to beneath the highest points. Then label the vertical difference between the horizontal lines and the highest points. For the red data points the text is “32 ºC”. For the black data points the text is “17 ºC”)
4.3.2. LAB MEDIA: “Figure 5.gif”
4.4. Measurement of the evaporator chilled water tank temperature reveals the different adsorption materials have a performance difference. [1-LM] With the SAPO-34 zeolite, the temperature declined quickly and then slowed down. [2-LM] The temperature change with the ZSM-5 zeolite was relatively smooth throughout. [3-LM]
4.4.1. LAB MEDIA: “Figure 6.png” 
4.4.2. LAB MEDIA: “Figure 6.png” (Video editor: Please highlight/point to the red curve)
4.4.3. LAB MEDIA: “Figure 6.png” (Video editor: Please highlight/point to the black curve)
5. Conclusion (said by authors on camera)
5.1. Y. X. Li: The main advantage of this technique is that more efficient cooling is achieved through the enhancement of heat transfer in the adsorption bed.
5.2. Z. X. Yuan: Though this method can provide insight into solar adsorption refrigeration techniques, it can also be applied to other systems, such as the air conditioning. 
5.3. Y. X. Li: Once mastered, this technique can be done in two hours if it is performed properly.
5.4. Y. X. Li: After watching this video, you should have a good understanding of how to realize refrigeration using only solar energy as the driving thermal source.
5.5. Y. X. Li: Don't forget that working with the adsorption bed at high temperature can be extremely hazardous and precautions, such as maintaining distance from the bed, should always be taken while performing this procedure.
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.  
Insert your media filenames here.
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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