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ABSTRACT -

Collective effects stemming from many interacting units have attracted remarkable recent interest, not only for their presence in several systems in nature but
also for the possibility of being used for the construction of efficient engine setups. Notwithstanding, little is known about the influence of the engine design,
and most studies are restricted to the simplest cases (e.g., simultaneous contact with two thermal baths), not necessarily constituting a realistic setup
implementation. In order to investigate the design and its influence on the performance, we introduce the collisional also referred as sequential description for
a minimal model for interacting heat engines, composed of two coupled nanomachines placed in contact with a distinct thermal reservoir and subjected to a
nonequilibrium work source at each stage. Thermodynamic quantities are exactly obtained irrespective of the model details. Distinct kinds of work sources
are investigated and the influence of the interaction, temperature, period, and time asymmetry has been undertaken. Results show that a careful design of
interaction provides superior performance than the interactionless case, including optimal power outputs and efficiencies at maximum power greater than
known bounds or even the system presenting efficiencies close to the ideal (Carnot) limit. As a complementary analysis, we also show that the case of the
system simultaneously placed in contact with two thermal reservoirs constitutes a particular case of our framework.

Far e

2 More
Received 12 December 2023  Revised 5 April 2024  Accepted 15 May 2024

DOI: https://doi.org/10.1103/PhysRevE.109.064120

©2024 American Physical Society

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.109.064 120 1/4


https://www.aps.org/
https://journals.aps.org/pre/highlights
https://journals.aps.org/pre/recent
https://journals.aps.org/pre/accepted
https://journals.aps.org/pre/collections
https://journals.aps.org/pre/authors
https://journals.aps.org/pre/referees
https://journals.aps.org/search
https://journals.aps.org/press
https://journals.aps.org/pre/about
https://journals.aps.org/pre/staff
https://journals.aps.org/feeds
https://journals.aps.org/pre/
https://journals.aps.org/pre/
https://www.altmetric.com/details.php?domain=journals.aps.org&citation_id=164380327
https://journals.aps.org/pre/pdf/10.1103/PhysRevE.109.064120
https://journals.aps.org/pre/export/10.1103/PhysRevE.109.064120

14/08/2024, 19:20 Phys. Rev. E 109, 064120 (2024) - Thermodynamics of a minimal interacting heat engine: Comparison between engine designs
Physics Subject Headings (PhySH)

Research Areas }

Nonequilibrium & irreversible thermodynamics (/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid %5C%22%3Anull%2C %5C9
72bc3a302627%5C %22%2C %5C%22label%5C %22%3A%5C %22Nonequilibrium%20%26 %20irreversible %20thermodynamics %5C %22%2C %5C %22facetlabel %5C %22 %3A%5C %22%5C %2

Nonequilibrium statistical mechanics (/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C %22value%22%3A%22%7B%5C %22facetid%5C%22%3Anull%2C%5C%
10775f22748a%5C %22%2C%5C%22label%5C%22%3A%5C%22Nonequilibrium%20statistical%20mechanics %5C%22%2C%5C%22facetlabel%5C %22%3A%5C %22%5C %22%7D%22%

07395fc943d9%5C %22%2C%5C%22label%5C%22%3A%5C %22 Stochastic%20thermodynamics %5C%22%2C %5C %22facetlabel %5C %22 %3A%5C %22%5C %22% 7D %22 %2C%220peratory

Statistical Physics & Thermodynamics

AUTHORS & AFFILIATIONS -

Felipe Hawthorne (/search/field/author/Felipe%20Hawthorne)  (https://orcid.org/0000-0002-5578-4987)", B. Cleuren (/search/field/author/B%20Cleuren)?,
and Carlos E. Fiore (/search/field/author/Carlos%20E%20Fiore) (h_ttps://orcid.orq/O000-0002-8450-362X)1

1Universidade de S&o Paulo, Instituto de Fisica, Rua do Mat&o, 1371, 05508-090 Sao Paulo, SP, Brazil
2UHasselt (https://ror.org/04nbhqj75), Faculty of Sciences, Theory Lab, Agoralaan, 3590 Diepenbeek, Belgium

ARTICLE TEXT (SUBSCRIPTION REQUIRED) +
CLICK TO EXPAND

REFERENCES (SUBSCRIPTION REQUIRED) +
CLICK TO EXPAND

Issue

Vol. 109, Iss. 6 — June 2024 (/pre/issues/109/6)

W) Check for updates

Reuse & Permissions (https://powerxeditor.aptaracorp.com/sciprisaps/RnPReques
ArticleTitle=Thermodynamics+of+a+minimal+interacting+heat+engine%3A+Comparison+between+engine+designs&AuthorName=Felipe+Hawthorne%2C+B.+Cleuren®

Access Options

Buy Article » (/cart/add/10.1103/PhysRevE.109.064120)

Log_in with individual APS Journal Account » (https://journals.aps.org/login)

Log_in with a username/password provided by your institution » (/login_inst_user?
rt=https%3A%2F %2Fjournals.aps.org%2F pre%2Fabstract%2F10.1103%2FPhysRevE.109.064120)

Get access through a U.S. public or high school library » (/free-access-for-us-public-and-high-school-libraries),

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.109.064 120 2/4


https://journals.aps.org/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5C%22%3A%5C%22cd403d00-d86b-41dc-a6fb-72bc3a302627%5C%22%2C%5C%22label%5C%22%3A%5C%22Nonequilibrium%20%26%20irreversible%20thermodynamics%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%22operator%22%3A%22AND%22%7D%5D&per_page=20
https://journals.aps.org/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5C%22%3A%5C%227dd874c0-5ab0-4de4-9919-10775f22748a%5C%22%2C%5C%22label%5C%22%3A%5C%22Nonequilibrium%20statistical%20mechanics%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%22operator%22%3A%22AND%22%7D%5D&per_page=20
https://journals.aps.org/search/results?clauses=%5B%7B%22field%22%3A%22physh%22%2C%22value%22%3A%22%7B%5C%22facetid%5C%22%3Anull%2C%5C%22conceptid%5C%22%3A%5C%22feb4ab40-aa9b-42d9-9c4d-07395fc943d9%5C%22%2C%5C%22label%5C%22%3A%5C%22Stochastic%20thermodynamics%5C%22%2C%5C%22facetlabel%5C%22%3A%5C%22%5C%22%7D%22%2C%22operator%22%3A%22AND%22%7D%5D&per_page=20
https://journals.aps.org/search/field/author/Felipe%20Hawthorne
https://journals.aps.org/search/field/author/Felipe%20Hawthorne
https://journals.aps.org/search/field/author/B%20Cleuren
https://journals.aps.org/search/field/author/B%20Cleuren
https://journals.aps.org/search/field/author/Carlos%20E%20Fiore
https://journals.aps.org/search/field/author/Carlos%20E%20Fiore
https://orcid.org/0000-0002-5578-4987
https://orcid.org/0000-0002-8450-362X
https://ror.org/04nbhqj75
https://ror.org/04nbhqj75
https://journals.aps.org/pre/issues/109/6
https://journals.aps.org/pre/issues/109/6
https://powerxeditor.aptaracorp.com/sciprisaps/RnPRequest/submit?ArticleTitle=Thermodynamics+of+a+minimal+interacting+heat+engine%3A+Comparison+between+engine+designs&AuthorName=Felipe+Hawthorne%2C+B.+Cleuren%2C+and+Carlos+E.+Fiore&JournalCode=PRE&contentid=10.1103%2FPhysRevE.109.064120
https://journals.aps.org/cart/add/10.1103/PhysRevE.109.064120
https://journals.aps.org/cart/add/10.1103/PhysRevE.109.064120
https://journals.aps.org/login
https://journals.aps.org/login
https://journals.aps.org/login_inst_user?rt=https%3A%2F%2Fjournals.aps.org%2Fpre%2Fabstract%2F10.1103%2FPhysRevE.109.064120
https://journals.aps.org/login_inst_user?rt=https%3A%2F%2Fjournals.aps.org%2Fpre%2Fabstract%2F10.1103%2FPhysRevE.109.064120
https://journals.aps.org/login_inst_user?rt=https%3A%2F%2Fjournals.aps.org%2Fpre%2Fabstract%2F10.1103%2FPhysRevE.109.064120
https://journals.aps.org/free-access-for-us-public-and-high-school-libraries
https://journals.aps.org/free-access-for-us-public-and-high-school-libraries

14/08/2024, 19:20 Phys. Rev. E 109, 064120 (2024) - Thermodynamics of a minimal interacting heat engine: Comparison between engine designs

PRX LIFE’

(Iprxlife/?

utm_source=pre&utm_medium=web&utm_campaign=prxlife)

PRX ENERGY

Learn More

(/[prxenergy/?utm_source=pre&utm_medium=web&utm_campaign=prxenergy)

Translate to

high-quality English

9 Edit to perfection

A Tell your story
& to the world

Trust our highly experienced
editors and science communicators
to deliver a great product, always!

Sign up to receive regular email alerts from Physical Review E

Signup _(https://info.aps.org/journals-emails)

APS (https://www.aps.org/) =~ Current Issue (/pre/issues/current)  Earlier Issues (/pre/issues) = News & Announcements (/pre/edannounce)

About this Journal (/pre/about) = Editorial Team (/pre/staff) = About the Journals (/about)  Join APS (https://www.aps.org/membership/join.cfm)
(https://www.facebook.com/apsphysics) (https:/twitter.com/APSphysics)

AUTHORS REFEREES
General Information (/pre/authors) General Information (/pre/referees)
Submit a Manuscript (https://authors.aps.org/Submissions/) Submit a Report (http:/referees.aps.org/)

Publication Rights (/pub_rights.html)

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.109.064 120 3/4


https://journals.aps.org/pre/authors
https://journals.aps.org/pre/authors
https://authors.aps.org/Submissions/
https://authors.aps.org/Submissions/
https://journals.aps.org/pub_rights.html
https://journals.aps.org/pub_rights.html
https://journals.aps.org/pre/referees
https://journals.aps.org/pre/referees
http://referees.aps.org/
http://referees.aps.org/
http://referees.aps.org/
http://referees.aps.org/
https://journals.aps.org/prxlife/?utm_source=pre&utm_medium=web&utm_campaign=prxlife
https://journals.aps.org/prxlife/?utm_source=pre&utm_medium=web&utm_campaign=prxlife
https://journals.aps.org/prxlife/?utm_source=pre&utm_medium=web&utm_campaign=prxlife
https://journals.aps.org/prxenergy/?utm_source=pre&utm_medium=web&utm_campaign=prxenergy
https://journals.aps.org/prxenergy/?utm_source=pre&utm_medium=web&utm_campaign=prxenergy
https://authorservices.aps.org/?utm_source=physicalreviewjournals&utm_medium=referral
https://authorservices.aps.org/?utm_source=physicalreviewjournals&utm_medium=referral
https://info.aps.org/journals-emails
https://info.aps.org/journals-emails
https://info.aps.org/journals-emails
https://www.aps.org/
https://journals.aps.org/pre/issues/current
https://journals.aps.org/pre/issues
https://journals.aps.org/pre/edannounce
https://journals.aps.org/pre/about
https://journals.aps.org/pre/staff
https://journals.aps.org/about
https://www.aps.org/membership/join.cfm
https://twitter.com/APSphysics
https://www.facebook.com/apsphysics

14/08/2024, 19:20 Phys. Rev. E 109, 064120 (2024) - Thermodynamics of a minimal interacting heat engine: Comparison between engine designs

Open Access (/open_access.html) Policies & Practices (/authors/editorial-policies)

Policies & Practices (/authors/editorial-policies) Referee FAQ (/referees/faqg.html)

Professional Conduct (/authors/professional-conduct-ethics) Outstanding_Referees (/OutstandingReferees)
LIBRARIANS STUDENTS
General Information (https:/librarians.aps.org/) Physics (https://physics.aps.org)

Online License Agreement (https:/librarians.aps.org/sitelicense.pdf) ~ Student Membership (https://www.aps.org/membership/student.cfm)

Usage Statistics (https:/librarians.aps.org/login),

Your Account (https:/librarians.aps.org/account)

in the United States, Canada, European Union, and Japan. The APS Physics logo and Physics logo are trademarks of the American Physical Society. Information about registration may be found here

(/legal). Use of the American Physical Society websites and journals implies that the user has read and agrees to our Terms and Conditions (/info/terms.html) and any applicable Subscription Agreement

https://journals.aps.org/pre/abstract/10.1103/PhysRevE.109.064 120

4/4


https://journals.aps.org/open_access.html
https://journals.aps.org/open_access.html
https://journals.aps.org/authors/editorial-policies
https://journals.aps.org/authors/editorial-policies
https://journals.aps.org/authors/tips-authors-physical-review-physical-review-letters
https://journals.aps.org/authors/tips-authors-physical-review-physical-review-letters
https://journals.aps.org/authors/professional-conduct-ethics
https://journals.aps.org/authors/professional-conduct-ethics
https://journals.aps.org/authors/editorial-policies
https://journals.aps.org/authors/editorial-policies
https://journals.aps.org/referees/faq.html
https://journals.aps.org/referees/faq.html
https://journals.aps.org/pre/referees/advice-referees-physical-review
https://journals.aps.org/pre/referees/advice-referees-physical-review
https://journals.aps.org/OutstandingReferees
https://journals.aps.org/OutstandingReferees
https://librarians.aps.org/
https://librarians.aps.org/
https://librarians.aps.org/subscriptions
https://librarians.aps.org/subscriptions
https://librarians.aps.org/sitelicense.pdf
https://librarians.aps.org/sitelicense.pdf
https://librarians.aps.org/login
https://librarians.aps.org/login
https://librarians.aps.org/account
https://librarians.aps.org/account
https://physics.aps.org/
https://physics.aps.org/
http://www.physicscentral.com/
http://www.physicscentral.com/
https://www.aps.org/membership/student.cfm
https://www.aps.org/membership/student.cfm
https://www.aps.org/membership/aps-publications.cfm
https://www.aps.org/membership/aps-publications.cfm
https://journals.aps.org/article-packs
https://journals.aps.org/article-packs
https://www.aps.org/membership/index.cfm
https://www.aps.org/membership/index.cfm
https://www.aps.org/membership/faq.cfm
https://www.aps.org/membership/faq.cfm
https://www.aps.org/publications/apsnews/index.cfm
https://www.aps.org/publications/apsnews/index.cfm
https://www.aps.org/meetings/index.cfm
https://www.aps.org/meetings/index.cfm
https://www.aps.org/about/webpolicies.cfm#privacy
https://journals.aps.org/policies
https://journals.aps.org/contact.html
mailto:feedback@aps.org
https://www.aps.org/
https://www.aps.org/
https://journals.aps.org/legal
https://journals.aps.org/legal
https://journals.aps.org/info/terms.html
https://journals.aps.org/info/terms.html
https://librarians.aps.org/sitelicense.pdf
https://librarians.aps.org/sitelicense.pdf

