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22 SHORT ABSTRACT:
23 This manuscript describes methods aimed at measuring the local instantaneous convective heat
24 transfer coefficients in a single or two-phase pipe flow. A simple optical method to determine
25 the length and the propagation velocity of an elongated (Taylor) air bubble moving at a
26  constant velocity is also presented.
27
28 LONG ABSTRACT:
29  This manuscript provides step by step description of the manufacturing process of a test section
30 designed to measure the local instantaneous heat transfer coefficient as a function of the liquid
31 flowratein atransparent pipe. With certain amendments, the approach is extended to gas-liquid
32  flows, with a particular emphasis on the effect of a single elongated (Taylor) air bubble on heat
33  transfer enhancement. A non-invasive thermography technique is applied to measure the
34  instantaneous temperature of a thin metal foil heated electrically. The foil is glued to cover a
35 narrow slot cut in the pipe. The thermal inertia of the foil is small enough to detect the variation
36 inthe instantaneous foil temperature. The test section can be moved along the pipe and is long
37 enough to cover a considerable part of the growing thermal boundary layer.
38
39 At the beginning of each experimental run, a steady state with a constant water flow rate and
40 heat flux to the foil is attained and serves as the reference. The Taylor bubble is then injected
41  into the pipe. The heat transfer coefficient variations due to the passage of a Taylor bubble
42  propagatingin a vertical pipe is measured as function of the distance of the measuring point from
43  the bottom of the moving Taylor bubble. Thus, the results represent the local heat transfer
44  coefficients. Multiple independent runs preformed under identical conditions allow
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accumulating sufficient data to calculate reliable ensemble-averaged results on the transient
convective heat transfer. In order to perform this in a frame of reference moving with the bubble,
the location of the bubble along the pipe has to be known at all times. Detailed description of
measurements of the length and of the translational velocity of the Taylor bubbles by optical
probes is presented.

INTRODUCTION:

Numerous experimental studies of convective heat transfer, using different techniques to
measure the wall and/or fluid temperature in a variety of flow configurations, have been
performed during the last decades. One of the factors that limits the accuracy of temperature
measurements in unsteady processes is the slow response of the sensors. To record local
instantaneous wall temperature, the measuring equipment has to respond fast enough, while
the surface at which the temperature is recorded has to be in thermal equilibrium with the time-
dependent flow. Thus, the thermal inertia of the surface has to be sufficiently small. The relevant
time scales are determined by the hydrodynamic phenomena that cause the change in the
convective heat transfer. Fast time response is thus crucial for recording the time-dependent
temperature in transient flow.

To meet these requirements, an IR camera is used to record a special self-manufactured test
section that allows a fast temperature response to any change in the flow. A part of the pipe wall
is cut off and replaced with a thin stainless-steel foil. A similar approach was used by Hetsroni et
al., however, the foil they used was too thick to accurately measure changes of instantaneous
temperatures and only time-averaged temperatures were presented. Decreasing the foil
thickness improved the time response considerably.? This method was applied in the lab to
measure convective heat transfer coefficients in two-phase flow* and transient phenomena in
single phase pipe flow>.

A schematic layout of the two-phase flow facility is given in Figure 1, additional information on
the unique air inlet device can be found in Babin et al.3

Investigation of convective heat transfer in two-phase flow is very complex due to the transient
flow behavior and the effect of void fraction in the pipe cross-section. Therefore, many studies
have only presented an average convective heat transfer coefficient for a given flow regime as a
function of specific flow conditions®!. However, the papers by Donnelly et al.'? and Liu et al.3
represent examples of two-phase local convective heat transfer studies.

The present study deals with heat transfer measurements around a single elongated (Taylor)
bubble injected into stagnant or flowing liquid in a pipe. The Taylor bubble propagates in a
constant translational velocity'*1. The bubble propagation velocity is determined using optical
probes method consisting of a laser light source and photodiode3.

The combination of the IR camera and of the optical probes allows measurements of the local
instantaneous convective heat transfer as a function of the distance from either the Taylor
bubble top or bottom.
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The instantaneous wall temperature can be used to calculate the convective heat transfer
coefficient, h, and the Nusselt number:
h'D q-D

h=q/(Ty —Tx) , NULZT—m, (1)

where g is the heat flux to the foil, Ty, and T, are the wall temperature and the inlet water
temperature respectively, k is the liquid conductivity and D is the pipe diameter. The bulk
temperature which is commonly used to determine the heat transfer coefficients was not
measured in order to avoid introducing any interference to the flow.

PROTOCOL:
1. Test Section for Measurements of Instantaneous Temperature

1.1. Manufacturing process of test section (Figure 2)
1.1.1. Cut a segment of a pipe at least 70 cm long.

Note: The diameter and wall thickness of the test section should be identical to that of the pipe
used in the experimental facility.

1.1.2. Use a milling machine to cut 4 adjacent narrow windows along the pipe in the test section,
each window is 6 mm wide and 80 mm long with a 25-mm gap between consecutive windows.

1.1.3. From a 12 um thin stainless-steel foil, cut 40-60 cm long and 12 mm wide strips.

Note: The foil will be used to seal the windows in the test pipe. The stainless steel should be
coated with two gold stripes that mark a small distance from the ends of the foil and are to be
used to weld the power supply wires to heat the foil, see Figure 2.

1.1.4. Measure the foil’s electrical resistance using an ohmmeter.

1.1.5. Place the foil within the pipe following the steps described below.

1.1.5.1. Create a basis for inserting the foil into the test section made of a rigid tube with an outer
diameter equal to that of the test pipe inner diameter. To this end, cut a 20 mm wide and about

80 cm long part of the pipe wall

1.1.5.2. Coat the basis with grease before placing the foil on it, to allow disconnecting the basis
from the foil at a later stage.

1.1.5.3. Place the foil on the basis and flatten it. Take a cloth with alcohol and clean the foil from
any excess grease.
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1.1.5.4. Apply the adhesive on the foil periphery and on the three segments of the foil
corresponding to the location of the bridges between the consecutive windows.

Note: The adhesive has to be strong with an initial hardening period of at least 20 minutes in
order to ensure sufficient time for the foil attachment process; epoxy DP 460 is used.

1.1.5.5. Carefully insert the basis with the foil into the test section with the foil facing upward
toward the windows.

Note: This process should be done by two people.

1.1.5.6. Ensure that the foil is aligned with the windows, the gold stripes should be at the edge
of the two external windows. Once the foil is properly placed and covers the windows, link the
basis to the test pipe at each end by using a clamp.

1.1.5.7. Carefully insert a folded bicycle inner tire into the pipe under the basis, grease the tire if
needed. Inflate the tire. During the inflation observe the adhesive spreading across the foil and
reaching the basis.

Note: The pressure applied by the inflated tire should guarantee that the adhesive will tie the
pipe inner wall and the foil. This will also shape the foil to the curvature of the pipe and reduce
any possible interference to the flow due to the foil or the adhesive.

1.1.5.8. With a cloth, clear any excess adhesive that has reached the window openings.

1.1.5.9. Let the adhesive dry for 24 h. Deflate the tire, extract it and open the clamps.

1.1.5.10. Disconnect the basis from the foil and pipe in the following steps:

1.1.5.10.1. Gently touch each end of the basis to feel which end is easier to disconnect and begin
disconnecting from that end.

1.1.5.10.2. Use a long roller or a similar object to disconnect the original basis gradually, move
slowly into the pipe until the entire basis is disconnected and the foil remains safely undamaged

on the pipe.

Note: This process should be done carefully in order to protect the seal; if the seal is ruined a
new heat transfer test pipe unit should be made.

1.1.5.10.3. Check that the pipe is sealed by closing one end of the pipe and filling the pipe with
water.

1.1.6. Clean the excess grease from the inner side of the pipe with water and soap.
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1.1.7. Connect the electrical heating wires by welding to the golden stripes on the foil.

Note: To protect the foil at these spots, it is suggested to first link a small cooper chip to the foil
and then weld the wire to it.

1.1.8. With a thermal adhesive connect a T-type thermocouple to the bottom of each window.
These thermocouples will be later used in the IR camera calibration process.

Note: The temperature readings from the thermocouples are recorded and recorded by a PC
using an A/D converter.

1.1.9. Spray paint the outer side of the foil with a black mat spray in order to maximize the
emissivity.

1.2. Applying heat flux to foil

1.2.1. Connect the electrical heating wires from the edge of the foil to a DC power supply.

1.2.2. Set the electrical current so the foil will reach a desired temperature.

Note: Do not reach a temperature that could impair the pipe. For Plexiglass the limit is about 45
9C. However, be sure to heat the foil enough to ensure that the foil’s temperature remains at
least a few degrees over the inlet water temperature, even during the cooling state due to the

transient changes expected in the flow.

1.2.3. Calculate the heat flux applied Q = IR where / is the current applied and R is the foil’s
electrical resistance.

Note: The heat transfer from the foil’s outer side that is open to air is negligible compared to the
heat transfer to water inside the pipe?.

1.2.4. Connect a PC controllable electrical switch to one of the heat flux wires in order to control
the heat flux impulsive initiation and shutdown.

1.3. IR camera

Note: Detailed specifics of the IR camera used in the lab can be seen in Ferhstman3*. The camera
is connected to a PC and controlled by a computer.

1.3.1. If possible, connect the IR camera to a set of rails enabling three-dimensional movement
of the camera to easily place it at different positions along the test section.

1.3.2. Turn on the IR camera a few minutes before conducting any measurements, the internal
sensors take time to cool down to the required temperature.
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1.3.3. Place the IR camera a few centimeters from the surface within the focal distance of the
camera to enable focusing.

Note: Depending on the camera resolution be sure that the area measured is not smaller than a
single pixel. It is preferable to have the surface area measured consisting of a number of pixels.

1.3.4. Set focus of the IR camera.
1.3.5. IR camera calibration process:

1.3.5.1. Apply heat flux as stated in 1.2 and wait until a thermal steady state is reached, i.e. once
the thermocouples placed on the foil record constant temperature. Measure the ambient
temperature in the vicinity of the experimental facility with a thermocouple.

Note: This temperature will be used as the reflected temperature of the surface. For a high value
of surface emissivity, this parameter is almost negligible.

1.3.5.2. Enter the ambient temperature as the IR camera's parameter of reflected temperature.

1.3.5.3. For each window in the foil, compare the temperature recorded by the IR camera to the
recording of the thermocouple of that window. Adjust the emissivity property of the IR camera
until the temperature recording of the IR camera is equal to the temperature recorded by the
thermocouple.

Note: This can be done for several heat flux values; however, the emissivity is not sensitive at
this relatively low-temperature range. In the experimental recordings, the average value of
emissivity was 0.98.

2. Measurements of Taylor Bubble Translational Velocity and its Length

2.1. Optical probe

Note: The optical probe includes a laser light source and a photodiode. When the entire cross-
section of the pipe contains water, the laser beam is pointed at the photodiode causing the circuit
to be closed. When the laser beam hits the air bubble, it is nudged from the photodiode and
opens the circuit. Thus, a binary signal is obtained, indicating whether the optical probe is in front
of an air bubble or of a liquid slug.

2.1.1. In order to connect the sensor to the A/D card, build the following circuit (Figure 3).

2.1.2. Turn on the laser, point it at the diode. Check the digital input of the circuit A/D software.
If the laser hits the diode, then the circuit is closed and a positive signal should appear.
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Note: Make sure that the diode is sensitive to the wavelength output of the laser. The optical
sensors’ data is recorded at the rate of 1 kHz.

3. Experimental Procedure
3.1. Connect the test section to the experimental facility, by flanges or pipe records.

3.2. Connect the heating electrical wires to the power source and the thermocouples to any
computerized temperature recorder.

3.3. Place the IR camera in front of the test section at the desired location.

3.4. Make sure that the camera is focused on the foil; this is easier to do with the heat flux on.
3.5. Apply heat flux (1.2) and perform the IR camera calibration process (1.3.5).

3.6. Place the two optical probes along the test pipe

Note: If possible, place one optical probe at the location of the IR camera; this will allow
synchronization between the temperature measurement and the location of the bubble, as the
bubble is not visible to the IR camera. If not possible, be sure to shift the results in time
accordingly to the bubble velocity and the distance between the IR camera and the optical probe.

3.6.1. Check that the laser beam indeed hits the diode and yields a positive reading.

3.7. Turn on the water pump and set the desired flow rate. Apply heat flux by adjusting the
current of the power supply.

3.8. Wait until a steady state temperature is attained. Execute the computer program to record
the wall temperature of a single-phase pipe flow.

Note: In order to isolate the effect of the Taylor bubble on the convective heat transfer
coefficient, it is essential to measure first the convective heat transfer coefficient in single-phase
flow at an identical flow rate and heat flux as in the two-phase experiments. It is recommended
to perform this before each individual event.

3.9. Run the computer program that governs the bubble injection.

Note: This program should first inject a single Taylor bubble and then simultaneously measure
the wall temperature using the IR camera and record the binary signals of the two optical probes.
These two measurements should be synchronized in order to avoid additional time shifts
between the recordings.
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3.10. Between the runs, set sufficient time delay to ensure that the system is back to the initial
conditions, i.e. the wall temperature returns to the initial single-phase steady-state value.

Note: It is possible that the wall temperature of the single-phase steady state flow will increase
in cases where a high heat flux is on continuously. This should be avoided by closing the heat flux
and taking a break in the experiments.

4. Data Processing

4.1. Calculate the heat transfer coefficient for single-phase steady state conditions based on eq.
1.

Note: This coefficient is independent of time. It will be used as a normalizing factor in the sequel.

4.1.1 For each individual event recorded under given conditions, calculate the Taylor bubbles’

length and translational velocity by dividing the distance between the optical probes, L, by the

L

time period interval of the tip arrival time to each optical sensor: U, = where ti1

tra—try’
and t;; are the times of the bubble tip arrival to the bottom and upper optical sensors,
respectively.

4.1.2 Use the Taylor bubble’s translational velocity to calculate the bubble length by multiplying
it by the duration of the open circuit of one of the optical probes.

4.2. Calculating the instantaneous local heat transfer coefficient for two phase flow should be
done as following:

Note: Although the entire experimental process is computerized, the length and the translational
velocity of the Taylor bubbles do not remain exactly constant at each experimental run.
Therefore, the instant at which the bubble reaches the measuring point varies. The optical probes
and the IR camera have different frame rates, 1000 and 30 Hz respectively.

4.2.1. Using the optical probe located in the vicinity of the IR camera, record the instant of the
bubble tip arrival.

4.2.2. This trigger signal provides the time reference for the IR camera recording.

Note: Ensemble average process is required in order to obtain the convective heat transfer
coefficient as a function of the distance from the bubble bottom to the measuring point, z, where
z=0 corresponds to the bubble bottom. This parameter should be normalized by the pipe
diameter D.

4.2.3. Set a resolution for z/D. All recorded data values for each individual event (corresponding
to identical conditions) fall within the prescribed spatial resolution range and should be averaged
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to obtain a single representative value of the wall temperature at that distance from the bubble
bottom.

Note: This spatial resolution should be decided based on the recording frequency of the IR
camera and on the translational velocity of the Taylor bubble. In this study, it was taken between
0.15-0.3.

4.2.4. Calculate the heat transfer coefficient as a function of the distance from the bubble
tip/bottom using eq. 1.

4.2.5. Normalize the two-phase local instantaneous heat transfer coefficient by the single-phase
constant coefficient.

Note: This ratio represents an improvement in convective heat transfer rate due to the bubble
passage compared to single-phase flow.

REPRESENTATIVE RESULTS:

An example of the optical sensors output records is presented in Figure 4 for a single Taylor
bubble rising in a vertical pipe filled with stagnant water. The initial large drop represents the
opening of the circuit due to the Taylor bubble tip, while the later much shorter drops following
the rise to the initial value due to the passage of the elongated bubbles tail, represent the
dispersed bubbles in the liquid wake behind the Taylor bubble. The time shift between the
outputs of the two optical probes is evident and is due to the distance between the two probes
along the pipe. In this experiment, the probes are space by 0.09 m. Calculating the translational
velocity by eq. 3 results in Ui=0.23 m/s; in agreement with Dumitrescu®3® for a Taylor bubble
propagating in a vertical pipe with stagnant water:

U, = 0.351,/g - D = 0.351v9.81 - 0.044 = 0.23 m/s

The Taylor bubble length is measured by multiplying the translational velocity by the duration of
the passage of the elongated bubble:

Lg = 0.23-(19.27 — 18.59) = 0.156 m,
which corresponds to Ly =3.54D.

The representative ensemble-averaged results of the local convective heat transfer coefficient
due to the passage of a 3.5D long single Taylor bubble rising in stagnant water in a vertical pipe
are plotted in Figure 5. The results are presented in a frame of reference moving with the bubble
bottom, therefore the negative values up to z/D=-3.5 correspond to the bubble region where a
thin film separates between the bubble and pipe wall. The two-phase flow convective coefficients
results are normalized by the single-phase flow coefficient value. It is evident that the maximum
increment in the heat transfer convective coefficient is attained a few diameters behind the
bubble bottom and can be as much as two times higher compared to the single-phase flow at the
same flow rate. Furthermore, the effect of the Taylor bubble on the wall temperature has a
prolonged effect, remaining essential up to hundreds of diameters behind the Taylor bubble
bottom. This is attributed to the wake behind the bubble. These results serve as a clear
demonstration of the growing interest in two-phase flow as a cooling mechanism.
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FIGURE LEGENDS:
Figure 1. Schematic layout of the experimental facility with heat transfer measurements test
section. Details of the air and water entrance section are presented in the insert.

Figure 2. A schematic layout of the test section.

Figure 3. The optical sensor electrical circuit connecting between the diode and the A/D card
linked to the PC.

Figure 4. The optical sensor recording for a Taylor bubble rising in stagnant water.

Figure 5. Normalized local heat transfer coefficients along a single slug unit for stagnant liquid
(g=2100 W/m?).

DISCUSSION:

Experimental investigation of local heat transfer in transient pipe flow is a complicated task that
requires high-end measuring instruments and methods, as well as a custom-built experimental
facility, in particular, a specially designed test section. The present protocol displays a
thermography technique that is capable of faithfully measuring fast temporal changes in wall
temperature and in heat transfer rate due to variations in flow hydrodynamics.

A detailed description of the manufacturing process of the test section is presented. The critical
step in the preparation of the facility is replacing a part of the pipe wall by a thin stainless-steel
foil. The foil is heated by an electrical current; its inner side is open to the time-dependent flow
field, while the outer side is filmed by an IR camera thus detecting any change in the
instantaneous foil temperature. The temporal response of the foil constitutes the only limitation
of this technique. The material and the thickness of the foil should be selected to ensure
sufficiently fast time response as compared to the characteristic times of the phenomena
considered.

The method applied allows instantaneous IR camera-based heat transfer measurements relative
to the moving Taylor bubble as determined by optical means. An ensemble averaging procedure
over numerous realizations of the experiment for any given operational conditions applied in the
present study ensures obtaining reliable results. The proposed technique can be used for
characterization of local transient heat transfer in single and multiphase flows.
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Thermocouples A/D card
Labview program

Epoxy DP-460

Company

Optris

National Instruments
National Instruments
3M Scotch-weld

Catalog Number

PI-1450
NI cDAQ-9714.
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Title of Article:

ADAM FERSHTMAN, DVORA BARNEA, LEV SHEMER

Author(s):

ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: |X | Standard Access

Item 2 (check one box):

Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
ADAM FERSHTMAN
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1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
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Rebuttal Letter

Click here to download Rebuttal Letter
Reply_to_editorial_comments.docx

Reply to editorial comments.

The Reviewer’s comments are in Red, our replies in black.

Editorial comments:

1. The editor has modified the manuscript as per journal's style. Please retain the same.

We approve all modifications.

2. Please address specific comments marked in the mansucript.

All the editorial comments in text have been addressed.

3. The long abstract is over 300 words. Please ensure that the long abstract is within 100-300 words.

The abstract is now less than 300 words.

4. Unfortunately, there are a few sections of the manuscript that show significant overlap with previously
published work. Though there may be a limited number of ways to describe a technique, please use original
language throughout the manuscript. Please see lines:222-223, 263-267.

These sections have been modified to ensure minimal overlapping with previously published work.

5. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit
permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-
prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must
be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”

No exact figure from previous publications has been used.

6. Please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c¢) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

The discussion has been changed to cover the explicit details.
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