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27 SUMMARY:
28 Here, we present a protocol to build a component-level mathematical model for a variable
29 cycle engine.
30
31 ABSTRACT:
32 The variable cycle engines (VCE) that combine the advantages of turbofan and turbojet
33 engines, are widely considered to be the next generation aircraft engines. However,
34  developing VCE requires high costs. Thus, it is essential to build a mathematical model when
35 developing an aircraft engine, which may avoid a large number of real tests and reduce the
36 cost dramatically. Modeling is also crucial in control law development. In this article, based on
37 a graphical simulation environment, a rapid method for modeling a double bypass variable
38 cycle engine using object-oriented modeling technology and modular hierarchical
39  architecture is described. Firstly, the mathematical model of each component is built based
40 on the thermodynamic calculation. Then, a hierarchical engine model is built via the
41  combination of each component mathematical model and the N-R solver module. Finally, the
42  static and dynamic simulations are carried out in the model and the simulation results prove
43  the effectiveness of the modeling method. The VCE model built through this method has the
44  advantages of clear structure and real-time observation.
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INTRODUCTION:

Modern aircraft demands bring great challenges to the propulsion system, which need more
intelligent, more efficient or even more versatile aircraft engines®. Future military propulsion
systems also require both higher thrust at high speed and lower specific fuel consumption at
low speed'™. In order to meet the technical requirements of future flight missions, General
Electric (GE) put forward the variable cycle engine (VCE) concept in 1955°. A VCE is an aircraft
engine that can perform different thermodynamic cycles by changing the geometry size or
position of some components®. The Lockheed SR-71 "Blackbird" powered by a J58 turboramjet
VCE has held the world record for the fastest air-breathing manned aircraft since 1976’. It also
proved many potential advantages of supersonic flight. In the past 50 years, GE has improved
and invented several other VCEs, including a double bypass VCES8, a controlled pressure ratio
engine® and an adaptive cycle enginel. These studies involved not only the general structure
and performance verification, but also the control system of the engine!’. These studies have
proven that the VCE can work like a high bypass ratio turbofan at subsonic flight and like a low
bypass ratio turbofan, even like a turbojet at supersonic flight. Thus, the VCE can realize
performance matching under different flight conditions.

When developing a VCE, a large amount of necessary verification works will be carried out. It
may cost a large amount of time and outlay if all these works are performed in a physical way?!?.
Computer simulation technology, which has already been adopted in developing a new engine,
can not only reduce the cost greatly, but also avoid the potential risks!>14. Based on computer
simulation technology, the development cycle of an engine will be reduced to nearly half, and
the number of equipment required will be reduced dramatically’®>. On the other hand,
simulation also plays an important role in the analysis of the engine behavior and control law
development. For simulating the static design and off-design performance of engines, a
program called GENENG?'® was developed by the NASA Lewis Research Center in 1972. Then
the research center developed DYNGEN?’ derived from GENENG, and DYNGEN could simulate
the transient performance of a turbojet and the turbofan engines. In 1989, NASA put forward
a project, called Numerical Propulsion System Simulation (NPSS), and it encouraged
researchers to construct a modular and flexible engine simulation program through the use
of object-oriented programming. In 1993, John A. Reed developed the Turbofan Engine
Simulation System (TESS) based on the Application Visualization System (AVS) platform
through object-oriented programing®®.

Meanwhile, rapid modeling based on graphical programming environment is being used
gradually in simulation. The Toolbox for the Modeling and Analysis of Thermodynamic Systems
(T-MATS) package developed by NASA is based on Matlab/Simulink platform. It is open source
and allows users to customize built-in component libraries. T-MATS offers a friendly interface
to users and it is convenient to analyze and design the built-in JTO9D model®°.

In this article, the dynamic model of a type of VCE has been developed here using Simulink
software. The modeling object of this protocol is a double bypass VCE. Its schematic layout is
shown in Figure 1. The engine can work in both single and double bypass modes. When the
Mode Select Valve (MSV) is open, the engine performs better at subsonic conditions with a
relatively large bypass ratio. When the Mode Select Valve is closed, the VCE has a small bypass
ratio and a better supersonic mission adaptability. To further quantize performance of the
engine, a double bypass VCE model is built based on component-level modeling method.
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PROTOCOL:

1 Preparation before modeling

1.1 Obtain design point performance.

1.1.1 Open Gasturb 13. Select Variable Cycle Engine.

1.1.2 Click on Basic Thermodynamics. Select Cycle Design. Open DemoVarCyc.CVC.

1.1.3 Obtain the engine design point performance. These are shown on the right side of
the window.

1.2 Obtain component maps.
1.2.1 Open Gasturb 13. Select Variable Cycle Engine.
1.2.2 Click on Off Design. Select Standard Maps. Open DemoVarCyc.CVC.

1.2.3 Click on Off Design Point. Then select LPC, IPC, HPC, HPT and LPT; thus, all
components maps are obtained.

2  Model each component of the VCE?%-%?

2.1 Model a single component of a VCE. Take the high-pressure compressor as an example.
2.1.1 Open Matlab. Click on Simulink. Double click on Blank Model.

2.1.2 Click on Library, and place function to model.

2.13 Double click on Function. According to the working principle of the compressor, the
thermodynamic equation of the compressor is described. Then describe the equation with
the MATLAB function.

2.1.4 After finishing the MATLAB function, obtain the input and output of the compressor.

2.1.5 Use Subsystem to mask the module. Then rename it with “compressor”. Thus far, a
subsystem module called “compressor” is established.

2.2 Use the same steps to get the subsystems of all components including inlet, fan, duct,
core driven fan stage(CDFS), bypass mixer, compressor, burner, high-pressure turbine, low-

pressure turbine, mixer, afterburner and nozzle.

2.2.1 Combine output of each component with input of the next component.
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3  Solution of the whole model
3.1 Construct dynamic co-working equations of whole model.

3.1.1 Construct dynamic co-working equations. Construct the following 6 independent
co-working equations.

3.1.2 Determine the flow balance equation for inlet and outlet of burner:

Wg44 _WaS _Wf =0
Wag: compressor outlet section air flow, Wf: burner fuel flow, Wg44: high-pressure turbine

inlet gas flow.

3.13 Determine the flow balance equation for inlet and outlet of low-pressure turbine:
Wg44 _WgS =0

Wg44 : low-pressure turbine inlet section gas flow, Wg5 : low-pressure turbine outlet gas flow.

3.14 Determine the flow balance equation for inlet and outlet of nozzle:
W,, -W,, =0
W97 : nozzle inlet gas flow, ng : nozzle outlet gas flow.

3.15 Determine the static pressure balance equation for inlet of rear mixer:

Pass — Psgs = 0

Peges static pressure of main outer bypass outlet, Pgs - static pressure of inner bypass outlet.

3.1.6 Determine the flow balance equation of fan inlet and outlet:
Wop ~W,p —Woy = 0

a

W612 : fan inlet air flow, WaZl: CDFS inlet air flow, W,c113 : sub-outer bypass inlet air flow

3.1.7 Determine the flow balance equation of CDFS outlet:

Wa21 _Wa125 -W %= 0

a

Wa21: CDFS inlet air flow, Wa125 : CDFS bypass inlet air flow, Wa25: compressor inlet air flow.

3.1.8 The above 6 independent equations constitute the following equations.
Wg44 _Wa31 _Wf =0

Wg45 _WgS =0

W97 —ng =0

Psiss — Pz =0

W, =W,y —Wyy3 =0
Woo1 =Waios =Wop5 =0
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3.2 Use the N-R iteration solver in TMATS to solve the above equations.

3.2.1 Before using the solver to solve the co-working equations, set the N-R iteration
solver. According to the modeling process, select the following 6 initial guesses: component
map auxiliaries line of fan, CDFS, high-pressure compressor, high-pressure turbine and low-

pressure turbine 131' /)’2, ﬂS, /)’4, ﬂ5,sub-outerbypass inlet flow.

REPRESENTATIVE RESULTS:
In order to prove the validity of the simulation model, several typical performance parameters
selected in static and dynamic simulations are compared with the data in Gasturb.

In a static simulation, we compare several key performance parameters of the model with
these parameters in Gasturb to verify the accuracy of the static model. Table 2 shows the
result of the comparison at the design point with H=0 m, M,=0, W;=0.79334 kg/s under a
double bypass operating mode. According to the comparison, the maximum error of
performance parameters between the model and Gasturb is the EPR (engine pressure ratio),
which is below 2%. Table 3 shows the result of the comparison at the off-design point with
H=0 m, M,=0, W=0.91032 kg/s under a single bypass operating mode. Under this condition,
the maximum error here is the rotational speed of low-pressure shaft, which is just below 4%.
The performance parameters of both models are almost the same. Thus, the two comparison
results prove that the model is accurate, and the protocol is effective at the design point.

In a dynamic simulation, with the purpose of verifying the correctness of the transition state
model, we simulated two typical dynamic processes including acceleration/deceleration
simulation and mode switching simulation. The acceleration/deceleration simulation are
processed under a double bypass mode with H=0 m, M,=0. Figure 2a shows the input of the
fuel flow. Figure 2b, Figure 2c, and Figure 2d show the response of the rotational speed, air
flow and temperature before the turbine, so the model is able to perform
acceleration/deceleration simulation. A mode switching simulation is carried out from the
double bypass mode to the single bypass mode with H=0 m, M;=0. As shown in the Figure 3,
the VCE operating mode is switched from the single bypass mode to the double bypass mode
at 5s. In order to prevent the engine from exceeding the limited speed during the switching
process, a single-variable closed-loop control is applied to the rotational speed of high-
pressure shaft. Figure 3b shows that the rotational speed of high-pressure shaft is nearly
unchanged during switching. Similarly, Figure 3a, Figure 3b, Figure 3c and Figure 3d show the
response of the fuel flow, rotational speed, air flow and temperature before the turbine.
During the two-dynamic simulation, the model can run correctly.

FIGURE AND TABLE LEGENDS:

Figure 1: Schematic diagram of overall structure of variable cycle engine. A VCE contains a
fan, a CDFS, a compressor, a burner, a turbine, a mixer, an afterburner and a nozzle. The fan
and CDFS are driven by the low-pressure turbine. The compressor is driven by the high-
pressure turbine. The numbers in Figure 1 represent the cross section of the engine. The
definition of each cross sections is shown in Table 1.
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Figure 2. Acceleration/deceleration simulation of VCE. This figure presents
acceleration/deceleration simulation. The fuel flow input is shown in Figure 2a. The
responses of main performance parameters are shown as below. (b) The response of the
high-pressure speed and the low-pressure speed. (c) The response of the air flow. (d) The
response of the turbine inlet temperature.

Figure 3. Mode switching simulation of VCE. This figure presents the mode switching
simulation. (a) The response of the fuel flow input. (b) The response of the high-pressure
speed and the low-pressure speed. (c) The response of the air flow. (d) The response of the
turbine inlet temperature.

Table 1: Definition of all cross sections. The cross-section definitions of the variable cycle
engine adopted in this protocol are shown in Table 1.

Table 2. Comparison of the design point of the double bypass. Several key performance
parameters of model are compared with those parameters in Gasturb at the design point with
H=0 m, M,=0, W=0.79334 kg/s.

Table 3. Comparison of the off-design point of the single bypass. Several key performance
parameters are compared at the off-design point with H=0 m, M,=0, W=0.91032 kg/s.

DISCUSSION:

Based on a graphical simulation environment, a VCE component-level model can be built
rapidly through modular hierarchical architecture and object-oriented modeling technology.
It offers a friendly interface to users and it is convenient to analyze and design the model®°.

The main limitation of this method is the execution efficiency of the model. Because the model
is written in scripting language, the model needs to be recompiled every time it runs. Thus,
the execution efficiency is not as good as the system language. In view of this limitation, the
next key research point is how to improve the execution efficiency of the model. Another
limitation is that the initial value of the N-R iteration should be considered strictly in the model,
because the N-R iteration is convergent only in a small range of deviations.

A critical step in the protocol is how to obtain the component maps accurately and use the
appropriate algorithm to interpolate. Whether in Gasturb or another existing engine test data,
accurate component maps are helpful to build model more accurately.

In the graphical object-oriented modeling of aeroengine, whether it is the whole engine
model object, the component model object or the parameter model object of each
component, it is built as an independent and encapsulable module. The connection among all
component modules constitute the main part of the model framework. The internal model
design of each component module is for the purpose of generality, highlighting the features
of easy modification and visualization of the component model. The method presented in this
paper can be used not only for VCE but also for other gas turbines?3.
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Table1
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Fan inlet
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Table2

P t Gasturb
aramete Model astur Error(%)
r 13
NI(RPM) | 14711 14600 0.76
Nh(RPM)| 18060 18000 0.33
T4(K) 1866 1850 0.86
FN(KN) 38.18 37.98 0.53
EPR 4.1653 | 4.2436 1.85
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Table3

P t Gasturb
aramete Model astur Error(%)
r 13
NI(RPM) | 15544 | 15033 3.4
Nh(RPM)| 18123 | 18000 0.68
T4(K) 2036 2002 1.7
FN(KN) | 41.23 | 40.68 1.35
EPR 4.2419 4.2894 1.11
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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 Fxperiments;
“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 ot 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 ¢r 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 use, 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 Authr 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.
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Please submit a signed and dated copy of this license by one of the following three methods:
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 access/download;Rebuttal Letter;Rebuttal
Letter.docx

Dear Editors,

We have studied comments carefully and have made corrections which we hope meet with

approval. Thanks again for your valuable comments.

We tried our best to improve the manuscript and made some changes in the manuscript. These

changes will not influence the content and framework of the paper.

We appreciate for Editor/Reviews’ hard work, and hope that the corrections will meet with

approval.

Once again, thank you very much for your comments and suggestions.

Sincerely,

Bing Yu


https://www.editorialmanager.com/jove/download.aspx?id=1041452&guid=cfa8dc43-e7d3-4d4f-a414-421cfb9d0f39&scheme=1
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal
Letter2.docx

Dear Editors and Reviewers,

Thank you for your letter and for the reviewers’ comments concerning our manuscript entitled “A
Rapid Method for Modeling a Variable Cycle Engine (JoVE59151R1). Those comments are all
valuable and very helpful for revising and improving our paper, as well as the important guiding
significance to our researches. We have studied comments carefully and have made corrections
which we hope meet with approval. The main correction in the paper and the point to point responses
to the editorial and reviewers’ comments are as following:

Response to editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JOVE editor will not copy-edit your manuscript and any errors in
the submitted revision may be present in the published version.

Response: Thank you for your comment. We have proofread the manuscript thoroughly.

2. Please provide an email address for each author.
Response: Thank you for your comment. We have provided all authors’ email address.

3. Please provide at least 6 keywords or phrases.
Response: Thank you for your comment. We have added several keywords.

4. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications
in complete sentences between 10-50 words: “Here, we present a protocol to ...”
Response: Thank you for your comment. We have rephrased the Short Abstract.

5. Please revise the Introduction to include all of the following:

a) A clear statement of the overall goal of this method

b) The rationale behind the development and/or use of this technique

c) The advantages over alternative techniques with applicable references to previous studies

d) A description of the context of the technique in the wider body of literature

e) Information to help readers to determine whether the method is appropriate for their application.
Response: Thank you for your comment. We have revised the Introduction to include the above.

6. Please remove all commercial language from your manuscript and use generic terms instead. All
commercial products should be sufficiently referenced in the Table of Materials and Reagents.

For example: MATLAB, SIMULINK, Gasturb 13, etc

Response: Thank you for your comment. We have tried our best to reduce the frequency of those
commercial language. While in some steps of protocol, they are necessary. We are sorry that they
can't be removes completely.

7. Please ensure that all text in the protocol section is written in the imperative tense as if telling
someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be
described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases
such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be
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written in the imperative tense may be added as a “Note.”

Response: Thank you for your comment. We have revised some the statement in protocol.

8. Please revise the text to avoid the use of any personal pronouns in the protocol (e.g., "we", "you",
"our" etc.).

Response: Thank you for your comment. We have deleted all personal pronouns in the protocol.

9. JoVE policy states that the video narrative is objective and not biased towards a particular product
featured in the video. The goal of this policy is to focus on the science rather than to present a
technique as an advertisement for a specific item. To this end, we ask that you please reduce the
number of instances of "SIMULINK" within your text. This can be introduced once in the
introduction.

Response: Thank you for your comment. We have tried our best to reduce the number of instances
of "SIMULINK" and other commercial language.

10. The Protocol should contain only action items that direct the reader to do something.
Response: Thank you for your comment. We have revised the protocol to make it direct the reader
to do something.

11. Please add more details to your protocol steps. Please ensure you answer the “how” question,
i.e., how is the step performed?

Response: Thank you for your comment. We have added details of steps. Such as how to build
compressor model.

12. 1.1. is this open access? If not, we cannot have commercial terms in the manuscript. Please move
the commercial term in the table of materials.

Response: Thank you for your comment. This manuscript is not open access. We have move the
commercial term in the table of materials.

13. 2.1.3: What is MATLAB function in this case. Unclear what is being done. What is the working
principle of the compressor? Do you run any script in MATLAB?

Response: Thank you for your comment. Every MATLAB function describe the working equation
of corresponding component. Taking compressor for example, the input of MATLAB function
include air flow, temperature and pressure of inlet, and the output include air flow, temperature and
pressure of outlet. Yes, we run script language in MATLAB.

14. 2.1.4: What is the input and output of the compressor? How is this obtained? Please provide
details.

Response: Thank you for your comment. As | said above, the input include air flow, temperature
and pressure of inlet, and the output include air flow, temperature and pressure of outlet. The input
is the output of the front component. We have added more detail to the text.

15. 3.1 How is this done. Do you use any software for this?
Response: Thank you for your comment. 3.1 include all co-working equations obtained based on



analysis for working principle of each component. We don’t use any software, these equations can
be obtained easily from references.

16. Please include at least one paragraph of text to explain the Representative Results in the context
of the technique you have described, e.g., how do these results show the technique, suggestions
about how to analyze the outcome, etc. The paragraph text should refer to all of the figures. Data
from both successful and sub-optimal experiments can be included.

Response: Thank you for your comment. We have provided Table 1 and Table 2 to show the
outcome of the method. We describe and analyze two tables to show the effectiveness of our model.

17. Please include some protocol and result for validating the model as well.
Response: Thank you for your comment. We have added some verifications results for model.
Those are shown in Table 1 and Table 2.

18. Please also include some results/discussion on how this is better as compared to C.
Response: Thank you for your comment. We have added some content compared with C in
Discussion.

19. Please include a title and a description of each figure and/or table. All figures and/or tables
showing data must include measurement definitions, scale bars, and error bars (if applicable). The
Discussion of the Figures should be placed in the Representative Results. Details of the
methodology should not be in the Figure Legends, but rather the Protocol.

Response: Thank you for your comment. We have remove all figures and tables from the manuscript.

20. Please include all the Figure Legends together at the end of the Representative Results in the
manuscript text.

Response: Thank you for your comment. We include all the Figure Legends together at the end of
the Representative Results in the manuscript text.

21. As we are a methods journal, 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

Response: Thank you for your comment. We have revised the discussion to cover the above.

22. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded
separately to your Editorial Manager account.

Response: Thank you for your comment. We removed all figures from the manuscript. And we
upload those to our Editorial Manager account.

23. Please remove the embedded Table from the manuscript. All tables should be uploaded



separately to your Editorial Manager account in the form of an .xls or .xIsx file.
Response: Thank you for your comment. We removed all tables from the manuscript. And we
upload those to our Editorial Manager account.

24. For the table of materials, please include the name, company, and catalog number of all relevant
materials in separate columns in an xls/xlsx file.

Response: Thank you for your comment. We have refresh the table of materials and upload it to the
Editorial Manager account.

Response to reviewrs’ comments:
Reviewer #1:

1. Nomenclature is missing. For example What is MSV?
Response: Thank you for your comment. We are sorry that we miss some nomenclature due to our
negligence. Based on this, we have added the missing nomenclature.

2. The author/s claim that "simulation results verify the effectiveness of the modeling method". How
did you define effectiveness? It is not clear from the figures because there are no error calculations
between the calculated component parameters and the real values of engine in figures and also there
are no calculations that show time savings.

Response: Thank you for your comment. We are sorry that we didn’t make clear definition of
effectiveness in the manuscript. We have added the error calculations between the calculated
component parameters and the real values of Gasturb in new manuscript. The results are shown with
Table 1 and Table 2 in the manuscript.

Parameter Model Gasturb 13 Error(%)
NI(RPM) 14711 14600 0.76
Nh(RPM) 18060 18000 0.33
T4(K) 1866 1850 0.86
FN(KN) 38.18 37.98 0.53
EPR 4.1653 4.2436 1.85
Table 1
Parameter Model Gasturb 13 Error(%)
NI(RPM) 15544 15033 3.40
Nh(RPM) 18123 18000 0.68
T4(K) 2036 2002 1.70
FN(KN) 41.23 40.68 1.35
EPR 4.2419 4.2894 111
Table 2

Here, we define effectiveness from two aspects. Firstly, the static parameters calculated by model



are approximately equal to the parameters of Gasturb under the design point. Then, the model can
work from one static point to another static point by changing fuel flow. While Gasturb can only
calculate the steady-state point, and can not show the dynamic process.

3. Introduction is weak. In the literature, there are many gas turbine mathematical model examples
constructed on MATLAB/Simulink platform. They should be added to the introduction. Number of
references is not enough.

Response: Thank you for your suggestion. We have revised and added introduction and references
based on your suggestion. Such as:

Loftin, Laurence K. "Toward a Second-Generation Supersonic Transport." Journal of Aircraft
11(2012).

Tsoutsanis E , Meskin N . Dynamic performance simulation and control of gas turbines used for
hybrid gas/wind energy applications[J]. Applied Thermal Engineering, 2018.

Kurzke, J., Halliwell, 1.Propulsion and Power: An Exploration of Gas Turbine Performance
Modeling. (2018) Propulsion and Power: An Exploration of Gas Turbine Performance Modeling,
pp. 1-755.

Reviewer #2:

1. The body of the manuscript has not clearly demonstrated the procedures of the analysis.
Response: Thank you for your comment. We are sorry that we didn’t clearly demonstrated the
procedures. Based on your comment, we have revised some steps to make them more clearly.

2. The results discussions and validation needs to be presented in the body of the manuscripts along
with response plots.

Response: Thank you for your comment. The figures are required to be presented alone in the end
of the manuscript according to the format of journal. We are sorry to bring you poor reading
experience.

2. The appendices needs to be as brief as possible.

Response: Thank you for your comment. We are sorry that we can’t fully understand the meaning
of your comment. There is no appendices in our manuscript. If you mean the figures in the end of
the manuscript, we have revised the format.

Reviewer #3:

1. Although the model is not highly sophisticated you should acknowledge the need for model
validation and verification if this model is to be used for engine model tuning, control, diagnostics
etc.

Response: Thank you for your comment. We have incorporated your comment by added validation
and verification. We build the model based on the data of Gasturb, so we compare the parameters
of model with parameters of Gasturb. We have added the error calculations between the calculated
component parameters and the real values of Gasturb in new manuscript. The results are shown with
Table 1 and Table 2 in the manuscript.



Parameter Model Gasturb 13 Error(%)
NI(RPM) 14711 14600 0.76
Nh(RPM) 18060 18000 0.33
T4(K) 1866 1850 0.86
FN(KN) 38.18 37.98 0.53
EPR 4.1653 4.2436 1.85
Table 1
Parameter Model Gasturb 13 Error(%)
NI(RPM) 15544 15033 3.40
Nh(RPM) 18123 18000 0.68
T4(K) 2036 2002 1.70
FN(KN) 41.23 40.68 1.35
EPR 4.2419 4.2894 111
Table 2

2. Number all the equations used.
Response: Thank you for your comment. According to the format requirement of the journal, there
is no need to number equations.

3. Provide a schematic layout for the engine.

Response: Thank you for your suggestion. We have added a schematic layout of the VCE, so the
readers can understand the model and the modeling method better. The schematic layout of the VCE
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4. Update your list of references with studies that have used MATLAB/simulink and GasTurb.
Response: Thank you for your suggestion. We have added some references with studies that have
used MATLAB/simulink and GasTurb.

Thanks again for your valuable comments.
We tried our best to improve the manuscript and made some changes in the manuscript. These

changes will not influence the content and framework of the paper. And here we did not list the




changes but marked in the revised paper.
We appreciate for Editor/Reviews’ hard work, and hope that the corrections will meet with
approval.

Once again, thank you very much for your comments and suggestions.

Sincerely,
Bing Yu



Response Click here to access/download;Rebuttal Letter;Response.docx %

Dear Editors,

Thank you for your letter concerning our manuscript entitled “A Rapid Method for Modeling a
Variable Cycle Engine (JoOVE59151R3). Those comments are all valuable and very helpful for
revising and improving our paper, as well as the important guiding significance to our researches.
We have studied comments carefully and have made corrections which we hope meet with approval.
The main correction in the paper and the point to point responses to the editorial comments are as
following:

Response to editorial comments:

1. Please note that there continues to be issues that prevent the acceptance of your manuscript. We
need representative results text that shows the efficacy of the protocol and a discussion of these
results. The paragraph text should refer to all of the figures. Data from both successful and sub-
optimal experiments can be included.

Response: Thank you for your comment. In latest revision, Figure 2 and 3, Table 2 and 3 verify
the efficacy of the model.

2. We need definitions of all abbreviations especially those in Figure 1.
Response: Thank you for your comment. We definite all abbreviations in Figure 1.

3. Figure la is referenced and there are no panels to Figure 1.
Response: Thank you for your comment. We are sorry that there is a mistake. Actually, it should be
Figure 2(a). We have corrected it.

4. Please include panel labeling in Figure 2 and 3.
Response: Thank you for your comment. We are sorry we don’t understand the meaning of
“labeling”. We consider it as legends.

5. What does Table 1 reference now?
Response: Thank you for your comment. Table 1 show the cross section definitions of variable
cycle engine.

Thanks again for your valuable comments.

We tried our best to improve the manuscript and made some changes in the manuscript. These
changes will not influence the content and framework of the paper. And here we did not list the
changes but marked in the revised paper.

We appreciate for Editor/Reviews’ hard work, and hope that the corrections will meet with
approval.

Once again, thank you very much for your comments and suggestions.

Sincerely,
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