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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) _N__ 
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) _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.)
C.
Which steps of your protocol will viewers benefit most from having filmed?  The automated experimental procedure utilized to measure temperature gradients at the fuel surface. This is important as the measurements need to be completed within a given time frame as condensed fuel surfaces burn steadily for a limited time.
E.
Will the filming need to take place in multiple locations? (Y/N) _N__

1. Introduction (Experimental Goal and Author Interviews)
A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experiment is to describe the use of micro-thermocouples to estimate local temperature gradients at condensed fuel surfaces for steady laminar boundary layer diffusion flames. (Intro)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Michael J. Gollner: This method can help answer key questions in the fire science field, such as exploring the dynamic relationship between a combustible condensed fuel surface and gas-phase flames in laminar and turbulent boundary layers. 

1.2. Michael J. Gollner: The main advantage of this technique is that it can be used to accurately measure local mass burning rates in steady laminar boundary layer diffusion flames.

1.3. Michael J. Gollner: Demonstrating the procedure will be Colin Miller and Wei Tang, both are Ph.D. students in Mechanical Engineering. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Preparing the Materials
2.1. For liquid fuel experiments, [1.WID] prepare a fuel wick from porous noncombustible material, such as alkaline earth silicate wool. [2.MED]

2.1.1. Talent preparing wick from stock material, establishing shot

2.1.2. Detail of cutting stock material into a wick and measuring to confirm size, TEXT: 8 x 8 x 1.27 cm for free convection tests, 10 x 10 x 1.27 cm for forced convection tests.

2.2. Bake the wick for about 20 minutes using a diffusion flame from a propane torch. [1.MED] This will burn all the organic binders inside the wick. [2.CU]

2.2.1. Mounts wick and lights torch, then starts baking/burning wick

2.2.2. Detail of wick material burning

2.3. Then, to prevent fuel leakage from the wick, use a syringe to liberally [1.MED] apply liquid sodium silicate to all of the faces, except for the top. [2.CU]

2.3.1. Loading syringe with sodium silicate

2.3.2. Applying sodium silicate to all but the top side of wick

2.4. Next apply a high temperature adhesive to aluminum foil [1.CU] and secure the aluminum foil to the wick.  The top must remain clean. [2.CU]

2.4.1. Adding glue over sodium silicate aluminum foil
2.4.2. Attaching foil to the glue wick, show the side without foil too

2.5. For solid fuel experiments, [1.MED] prepare a sheet of the solid fuel with the same dimensions as the wick. [2.CU]

2.5.1. Working with sheet of PMMA and cutting tools

2.5.2. Trimming a piece of PMMA to size for testing, ruler in use

2.6. To mount the solid fuel, cut a long slot into a sheet of ceramic fiber insulation board [1.MED] or use a porous noncombustible material sealed [2.MED] with high temperature matte black paint. [3.CU]

2.6.1. Cutting slot into ceramic fiber board

2.6.2. Comparing noncombustible material to ceramic fiber board

2.6.3. Mounting the PMMA into either of two boards
3. Experimental Setup
3.1. For either free convection or forced flow experiments, position a digital SLR camera where [1.WID] it can view the central axis of the fuel [2.LM] and a full side of the flame. [3.LM]

3.1.1. Positioning the camera, show distance between wick and camera
3.1.2. To be provided by authors - camera’s view image from free-convection experiment, no burning
3.1.3. To be provided by authors - camera’s view image from free-convection experiment, with flaming

3.2. For forced-convection ﬂames, view the center of the fuel specimen [1.MED] in an area of 16 by 8 centimeters [2.LM] so the ﬂame stand-off distance in the pyrolysis zone can be calculated. [3.LM]

3.2.1. Setting up camera forced-convection experiment
3.2.2. To be provided by authors – camera’s view image from forced-convection experiment, no burning
3.2.3. To be provided by authors - camera’s view image from forced-convection experiment, with flaming

3.3. Next, place the traverse mechanism above the fuel sample. [1.MED] 

3.3.1. Positioning the traverse mechanism

3.4. Then, carefully attach a 50 micron wire thermocouple to its horizontal axis. [1.CU]

3.4.1. Attaching wire thermocouple

3.5. Then, turn on the programmable stepper motor controller [1.CU] and, for forced flow experiments, plug in the centrifugal blower of the wind tunnel. [2.MED]

3.5.1. Turning on stepper motor controller

3.5.2. Plugging in the blower, establish the wind tunnel in the same shot

3.6. Next, set the PWM controller according to the blower speed. [CU]

3.6.1.  View of PWM controller, setting 7000 Hz with 16% to 50% power, TEXT: Pulse-width-modulation (PWM) controller
3.7. Use a hot-wire anemometer to verify [1.MED] the velocity at the wind tunnel outlet. [2.CU]

3.7.1. Using the anemometer, relative to wind tunnel

3.7.2. The front panel of the hand-held hot wire anemometer, reads 2.06 1.47 m/s

3.8. Now, put on protective gear and make the final preparations to conduct the test. [WID]

3.8.1. Putting on protective gear

3.9. Soak the wick with liquid fuel up to saturation. [CU]

3.9.1. Wick being dipped in/out of fuel until saturated 10x10cm wick is soaked with 120 mL of methanol from two 60 mL syringes.

3.10. Then, carefully place the fuel-soaked wick or solid fuel plate into the fuel-wick holder. [MED]

3.10.1. Placing fuel-soaked wick into the holder

3.11. Now, critically verify the flatness of the fuel wick surface using an angle gauge.  [CU]

3.11.1. Checking the surface flatness of the wick, using gauge

3.12. Then, check the mass balance [1-MED] and note its reading before the test. [2-CU]

3.12.1. Talent with logbook, notes mass of balance, checking balance

3.12.2. Reading on the mass balance
4. Igniting the Fuel 
4.1. Before igniting the fuel, check the room ventilation. [1.WID]  The exhaust should work but be set to minimally [2.CU] disturb the air flow around the experiment. [3.WID]

4.1.1. Talent preparing to check the room exhaust, maybe adjusts controller for ventilation

4.1.2. Holds a tissue to vent to show it is working, tissue moves with air current

4.1.3. Talent holds tissue over experimental set up, no movement of tissue
Substitute the tissue with a more applicable item, if needed.
4.2. Before a sample is ignited, calibrate the digital camera using a ruler [1.MED] where the sample will be placed. [2.LM]

4.2.1. Setting up ruler for photo
4.2.2. To be provided by the authors – calibration photograph
4.3. Also, start the data acquisition from the mass balance software. [MED]

4.3.1. Starting up data acquisition, software interface mouse/key/screen
4.4. Now, position the sample and, then, [2.CU] ignite the fuel with a propane torch. [2.MED]

4.4.1. Positioning sample for test

4.4.2. Lighting the propane torch

4.5. For wicks, momentarily touch the tips surface with the flame. [CU]

4.5.1. Lighting a wick sample
4.6. For solid fuels, pass the flame uniformly over the surface for 50 to 60 seconds. [CU]

4.6.1. Lighting PMMA sample
4.7. After the burn period, extinguish the flame by blowing it out. [1.MED]

4.7.1. Talent blows out flame, with breath

4.8. In the case of solid fuels, let the burn go for a set time. [1.MED] Then, repeat the burn process several times using the same time interval.  [2.MED]

4.8.1. Talent watching timer and ending burn at set time interval

4.8.2. Re-igniting solid fuel that has already been burned

4.9. Once all the burn data is collected, turn off the blower by setting the PWM controller to zero [1.CU] and unplugging the blower. [2.MED]

4.9.1. Setting PWM to 0

4.9.2. Unplugging blower power cord

4.10. Lastly, turn off the controller for the stepper-motor. [1.CU]

4.10.1. Film as written
5. Measuring Regression of Burnt Surface (Solid Fuel)
5.1. Over several burns the incremental regression [4.9.2] of a solid fuel can be measured to verify other metrics. [1.ECU]

5.1.1. Detail of PMMA after a burn, pre-cutting

5.2. After each burn period, cut the burned solid along the centerline. [1.CU]

5.2.1. Cutting the PMMA along the centerline

5.3. Then, document the burn regression with a side-view photograph. [LM]
5.3.1. To be provided by the authors. a typical image from the camera of the burn regression.
5.4. Analyze the side-view photos in ImageJ.  Open them via Select File and Open Image.  Then, open the image of the ruler using the open Calibration Image option.[SCREEN]
5.4.1. To be provided by the authors.  A screen capture of the above actions is needed.
5.5. Next, stack the calibration image onto the solid fuel image. [SCREEN/TEXT]
5.5.1. To be provided by the authors. A screen capture of the above action is needed., TEXT: Image > Stacks > Images to stack

5.6. Now, set the measurement scale by drawing a line between two points of known distance on the ruler, then choose Set Scale under the Analyze menu.  In the Set Scale window, input the known distance of the line and click OK. [SCREEN]
5.6.1. To be provided by the authors.  A screen capture of the above actions is needed.
5.7. Repeat this process with a new line to confirm that the measurement scale is correct. [SCREEN]
5.7.1. To be provided by the authors.  A screen capture of the above actions is needed.
5.8. Now, measure distances in the sample photograph by drawing a line and then noting the angle and distance in the status bar.  By pressing Control-M the data is saved to the data window. [SCREEN]
5.8.1. To be provided by the authors.  A screen capture of the above actions is needed.
5.9. The burn regression is calculated as the thickness of the sample subtracted from its initial thickness. [SCREEN]
5.9.1. To be provided by the authors.  A screen capture of the above actions is needed.
5.10. Importantly, note the time interval over which the surface of the fuel remains approximately flat.   Use the burn regression from this period to compare with temperature mapping, or for adjustments of thermocouple positions made to compensate for surface regression. [SCREEN]
5.10.1. To be provided by the authors.  A screen capture of the above actions is needed.
6. Temperature Mapping 
6.1. To set up temperature mapping, [1.WID] align a micro-thermocouple carefully with the surface of the fuel using an X-Y unislide. [2.MED] Place it at the center of the width of a solid sample. [3.CU]

6.1.1. Establishing shot of talent with unislide, thermocouple and PMMA sample

6.1.2. Using X-Y unislide to position the thermocouple

6.1.3. Detail of placing the thermocouple in final position on PMMA

6.2. For a fuel wick, use the X-Y unislide to position the micro thermocouple [1.CU] carefully along the leading edge. [2.ECU]

6.2.1. Positioning thermocouple on fuel wick with unislide

6.2.2. Detail of the flatness and proximity to leading edge the thermocouple is placed
6.3. Michael J. Gollner: It is critical that the thermocouple is positioned perfectly on the sample surface. If it is off, then all the measurements will be off by some degree. It must be as close as possible to the surface of the fuel for accurate measurements. [WID]

6.3.1. Interview at bench
6.4. In the Velmex script, set the temperature mapping interval during steady burns to 150 seconds for solid PMMA or to 400 seconds for liquid-soaked wicks.  Set the step size, measured at the sample’s surface, to collect data every quarter mm.   Set the sampling rate to between 100 and 500 Hz. [SCREEN]
6.4.1. To be provided by the authors.  A screen capture of the above action is needed.
6.5. Michael J. Gollner: If the surface deforms within the errors of the experiment while mapping then the results are no longer valid, so it is critical to set the measurement period and spacing correctly.

6.5.1. Interview at bench
6.6. Now, when conducting the burn experiment, [1.MED] run the data acquisition program so that it reads the grid scanning algorithm from a folder on the desktop. [2.LM]
6.6.1. Establish talent engaging the computer
6.6.2. To be provided by the authors.  A screen capture of the above action is needed.
6.7. With the program running, the data will be recorded automatically when triggered by the data acquisition module in LabVIEW. [LM]
6.7.1. To be provided by the authors.  A screen capture showing the data output in LabVIEW
6.7.2. I think you should include a 6.7.2 (which should come before 6.7.1) which includes video of the thermocouple moving through the flame. The camera did not get a good angle during filming. This is from our side-view camera in the setup. I think if it is sped up (10-15 times) its would be a good 5 second clip to show how the thermocouple traverses through the flame. It is included
7. Results: PMMA Sample Burns
7.1. Mass-loss rates and temperature profiles over a forced-convection boundary layer diffusion flame were measured for PMMA samples. The results show accurate temperatures can be captured close to the fuel surface with small errors, thanks to micro-thermocouples and two-thermocouple radiation correction method.

7.1.1. Fig 1A 
I included this image for inclusion here or where we take in temperatures. 
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7.2. Non-dimensional temperature gradients along the fuel surface of a PMMA boundary layer diffusion flame were measured at two air current speeds. 

7.2.1. Fig 2A

7.3. Variation of the local mass-burning rates were also measured in different free-stream conditions. Local mass burning rates obtained through non-dimensional temperature gradients were also compared against the experimental data obtained through regression of the PMMA surface. They matched very well.

7.3.1. Fig 2B
7.4. Components of the flame heat fluxes were examined in greater detail at a forced flow of 2.06 meters per second. The detail of temperature measurements near the surface allowed for extraction of convective heat fluxes, which when combined with surface mass loss rates provided all the components of burning for local analysis. 

7.4.1. Fig 3

8. Conclusion (said by authors on camera)
8.1. Michael J. Gollner: Once mastered, this technique can be performed in few minutes per fuel sample.

8.2. Michael J. Gollner: Following this procedure, analysis of local mass burning rates and heat transfer can be performed in order to further understand the burning behavior of materials and validate numerical codes.

8.3. Michael J. Gollner: Don't forget that working with these flames can be extremely hazardous and precautions such as wearing protective eyewear, working in well ventilated conditions and ensuring burning materials are nontoxic 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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