


ASHRAE Technical Committee (TC) 10.6, Transport Refrigeration
AGENDA

Tuesday June 22, 2021

Annual Meeting – Virtual (Zoom meeting)
Time:  4:00 – 6:00 PM EST
Remote Participation Link
Remote Participation Link


I. CALL TO ORDER (Chair Chris Repice)
A. ASHRAE Code of Ethics Commitment
(Approved by ASHRAE Board of Directors January 30, 2013)
As members of ASHRAE or participants in ASHRAE committees, we pledge to act with honesty, fairness, courtesy, competence, integrity and respect for others in our conduct.
A. Efforts of the Society, its members, and its bodies shall be directed at all times to enhancing the public health, safety and welfare.
B. Members and organized bodies of the Society shall be good stewards of the world’s resources including energy, natural, human and financial resources.
C. Our products and services shall be offered only in areas where our competence and expertise can satisfy the public need.
D. We shall act with care and competence in all activities, using and developing up-to-date knowledge and skills.
E. We shall avoid real or perceived conflicts of interest whenever possible, and disclose them to affected parties when they do exist.
F. The confidentiality of business affairs, proprietary information, intellectual property, procedures, and restricted Society discussions and materials shall be respected.
G. Each member is expected and encouraged to be committed to the code of ethics of his or her own professional or trade association in their nation and area of work.
H. Activities crossing national and cultural boundaries shall respect the ethical codes of the seat of the principal activity.

B. Introduction of members and guests
Introduction remote dial-in participants
ACTION: Determination of quorum.
ACTION: Ensure completion of sign-in sheet 



C. Additions/revisions to agenda
Discuss needed additions or revisions to the agenda.

II. MEETING MINUTES APPROVAL (Repice)
Review and approval of January 26, 2021 meeting minutes (virtual).
Draft minutes are available on the TC 10.6 website.  
ACTION: Vote to approve minutes if quorum is met. 


III. RECOGNITION OF LIAISONS AND ANNOUNCEMENTS (Repice)
Provide opportunity for liaisons in attendance to speak to the TC 10.6 committee members. 


IV. REVIEW OF TC10 SECTION MEETING (Repice)
Upcoming Winter 2022 meeting details
Discuss:
· Updates on TC re-organization status
· Review of TC 10.6 objectives
· Key points from the Chair breakfast meeting
· Key points from the Refrigeration Technology Committee meeting
· Status of Vaccine Cold Chain Technical Group


V. REVIEW COMMITTEE MEMBERSHIP, ROLES, AND CONTACT INFORMATION
There was unfortunately an error on my part for the voting terms of Augusto San Cristobal and Xiao Lu.  Voting terms were listed as completing on 6/30/2021, but in fact the terms go through 6/30/2023.
In January’s meeting we voted on three new voting members of KW Lee, Kevin Glover, and Riley Barta.  This was projected to yield (7) voting members, but with San Cristobal and Lu remaining on the roster, it would yield (9).
This is a fairly high number for such a small TC, and may make achieving quorum difficult.  
We will have a discussion and voting on this subject, along with necessary modifications to the voting roster.  While the previous voting roster was already submitted, this can be handled as an emergency roster update at the conclusion of this meeting.
Previous voting for roster additions of Sugun Tej Inampudi as Secretary and Jian Sun as Research Sub-Committee Chair are still in effect.
ACTION: Vote to approve updates to official TC 10.6 roster.

VI. STANDARDS ACTIVITIES UPDATES (Xiaotang Zhou)
Discuss updates on revision of ASHRAE Standard 26-2010 – Mechanical Refrigeration and Air-Conditioning Installations Aboard Ships (Kevin Glover, Committee Chair).   

Goal is to the updated standard reflect focus on energy efficiency and sustainability, and include AC/R best practices and guidelines.

 

VII. RESEARCH ACTIVITIES UPDATE (Keon Woo Lee)
Keon Woo Lee to report on the research chair breakfast and other research related activities.

Discussion on potential co-sponsorship of RTAR submittal “Capillary Tube and Short Tube Orifice Performance for Low GWP Refrigerants” developed by TC 8.8 (Refrigerant System Controls and Accessories).  






VIII. PROGRAM UPDATE (Stefan Elbel) 
There is a call for anyone interested in being a reviewer for papers for future conferences.  Anyone else interested in being a conference paper reviewer should contact Stefen Elbel or Chris Repice to let them know.

Open discussion on co-sponsorships or seminar/presentation proposals for Winter 2022 meeting.




IX. HANDBOOK (Kevin Glover)
Discussion on required handbook updates and timeline requirements.


X. WEBSITE (Chris Repice)
The website is up-to-date with recent meeting minutes and meeting information.


XI. [bookmark: _Ref535136302]OTHER BUSINESS 


XII. ADJOURNMENT
Next Meeting:  Monday, January 31 at the 2022 ASHRAE Winter Conference in Las Vegas, NV.  This meeting will also be set up for remote participation access.
[bookmark: _MON_1608877615]			
APPENDIX A

CURRENT 2020/2021 Roster (through today’s meeting)

	Position
	2020–2021

	Chair
	Mr. Chris Repice

	Vice Chair
	Mr. Matthew Stinson

	Secretary / Webmaster
	Sugun Tej Inampudi

	Research Subcommittee Chair
	Mr. KeonWoo Lee

	Standards Subcommittee Chair
	Dr. Xiaotang Zhou

	Program Subcommittee Chair
	Dr. Stefan Elbel

	Handbook Subcommittee Chair
	Mr. Kevin Glover

	Webmaster
	(Combine with Secretary)



CURRENT 2020/2021 Voting Members (through today’s meeting)This was an error.  Actual term is through 6/30/2023

	Voting Member
	Term

	Mr. Chris Repice
	7/01/2017 to 06/30/2021

	Mr. Augusto San Cristobal
	7/01/2017 to 06/30/2021

	Dr. Qiao Lu
	07/01/2017 to 06/30/2021

	Mr. David Lee
	07/01/2018 to 06/30/2022

	Mr. Matthew Stinson
	07/01/2019 to 06/30/2023

	Dr. Stefen Elbel
	07/01/2019 to 06/30/2023

	Mr. Justin Sikorski
	07/01/2019 to 06/30/2023



PROPOSED 2021/2022 Roster (after today’s meeting)

	Position
	2020–2021

	Chair
	Mr. Mathew Stinson

	Vice Chair
	Mr. KeonWoo Lee

	Secretary / Webmaster
	Sugun Tej Inampudi

	Research Subcommittee Chair
	Jian Sun

	Standards Subcommittee Chair
	Dr. Xiaotang Zhou

	Program Subcommittee Chair
	Dr. Stefan Elbel

	Handbook Subcommittee Chair
	Mr. Kevin Glover

	Webmaster
	(Combine with Secretary)









PROPOSED 2021/2022 Voting Members
Option A:  9 voting members
· Keep new voting members Lee, Glover, Barts
· Keep San Cristobal, Lu through 2023
	Voting Member
	Term

	Mr. David Lee
	07/01/2018 to 06/30/2022

	Mr. Matthew Stinson
	07/01/2019 to 06/30/2023

	Dr. Stefan Elbel
	07/01/2019 to 06/30/2023

	Mr. Justin Sikorski
	07/01/2019 to 06/30/2023

	Mr. Augusto San Cristobal
	7/01/2017 to 06/30/2023

	Dr. Qiao Lu
	07/01/2017 to 06/30/2023

	Mr. KeonWoo Lee
	07/01/2021 to 07/01/2025

	Mr. Kevin Glover
	07/01/2021 to 07/01/2025

	Dr. Riley Barta
	07/01/2021 to 07/01/2025




Option B:  7 voting members
· Agree upon 7 voting members amongst the following
	Voting Member
	Term

	Mr. David Lee
	07/01/2018 to 06/30/2022

	Mr. Matthew Stinson
	07/01/2019 to 06/30/2023

	Dr. Stefan Elbel
	07/01/2019 to 06/30/2023

	Mr. Justin Sikorski
	07/01/2019 to 06/30/2023

	Mr. Augusto San Cristobal
	7/01/2017 to 06/30/2023

	Dr. Qiao Lu
	07/01/2017 to 06/30/2023

	Mr. KeonWoo Lee
	07/01/2021 to 07/01/2025

	Mr. Kevin Glover
	07/01/2021 to 07/01/2025

	Dr. Riley Barta
	07/01/2021 to 07/01/2025
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RTAR # _____________

Title: 



Capillary Tube and Short Tube Orifice Performance for Low GWP Refrigerants



Executive Summary



Capillary tubes and short tube orifices are widely used expansion devices. This project provides updated design guidelines for low GWP refrigerants. It includes experimental testing followed by modelling, both tasks that are not within manufacturers’ budgets. The models published in the ASHRAE handbook will support our membership’s low GWP transition.







Background



Fixed opening expansion devices, such as pistons style and regular short tube orifices as well as capillary tubes are widely used in small capacity refrigeration and AC systems. In addition, they find application in residential split-type heat pump systems, where they can be conveniently mounted within the service valve.

Open research on flow mappings for fixed orifice devices includes substantial works on historic and currently employed refrigerants (see e.g. Park et al. 2007, Payne and O’Neal 2004, and Choi et al. 2004) but does not include newer low GWP refrigerants of interest to AC&R applications at the same level. The transition to low GWP refrigerants will require flow mappings that are applicable to low GWP refrigerants. 

Currently available correlations for low GWP refrigerants are quite limited. Table 1 in the reference section summarizes open literature, including those mentioned in Dubba and Kumar’s (2017) extensive literature review. A general observation is that numerical work is published at a higher rate than experimental work – probably due to the higher cost of experimental work. Many researchers focused on validating and/or training mechanistic/distributed models, non-dimensional models, or newer type models (e.g. artificial neural networks, Gill and Singh 2018), often using data from literature. For capillary tubes, distributed models appear to work reasonably well (e.g. Ablanque et al. 2015) for a wide range of refrigerants (here R-134a, R-22, R-410A), but it is unclear how this translates to newer low GWP refrigerants and especially non-azeotropic refrigerants.





Research Need



250 words





We found neither the ASHRAE Handbook of Refrigeration (HOR, chapter 11) nor the reviewed literature cover low GWP refrigerant’s behavior with fixed orifices and capillary tube (FXs). Capillary tubes were covered with currently used refrigerants that are nearing phase-out for small capacity applications (e.g. Ablanque et al. 2015: R134A, R410A) and already phased out refrigerants (e.g. R22).

None of the reviewed literature provided experimental data or models validated with experimental data for low GWP A1/A2 fluids such as R134a replacements R1234yf/R1234ze/R513A/XP10/ R513A(R32 in some cases), R410A replacements R32/R450A/R454A/R515B, or R404A replacement R452A. Limited data was found for A3 replacements (R290, R600a) utilized in low charge equipment. Model and expansion valve performance for HFO low GWP refrigerants is entirely unclear. This gap in models increases the cost of the low GWP transition for manufacturers, leading to hesitation, and ultimately putting ASHRAE’s first goal – a sustainable and high-performance built environment – at risk.

ASHRAE – as the world’s leading organization of its kind – is the only funding agency that has the means and interest in maintaining up-to-date design guidelines for FXs in the HOR, which will support the low GWP transition necessary to achieve climate and sustainability goals.





Project Objectives



This research will address the following pre-competitive research objectives:

1. Develop test matrix. Refrigerants to include both new low GWP A1/A2, and ideally A3, alternatives as well as reference refrigerants R410A, R404A, and R134a. Test matrix will also include fixed opening expansion devices (FXs) to be evaluated during this study. This should include capillary tube, short tube orifice, and “piston valves”.

2. Develop or update the experimental infrastructure to test fixed opening expansion devices for ASHRAE and the HVAC&R community.

3. Execute test matrix.

4. Provide a freely available database of experimental results from those tests to ASHRAE members. 

5. Develop/validate models for predicting the experimental data based on geometry, fluid, and operating conditions. Show whether developed models can predict performance of a subset of predicted refrigerants solely based on correlations developed on the other refrigerants utilizing properties available in NIST’s REFPROP.

6. Develop FX design guidelines to be published in the ASHRAE handbook (HOR) that are up to date. This information will replace current Handbook data that is obsolete. 

7. Maintain ASHRAE’s reputation as being the source for pre-competitive guidelines for refrigeration system design as part of the ASHRAE HOR.

Based on the identified research need(s), specify the objectives of the solicited effort that will address all or part of these needs (105/150 words maximum)





Expected Approach( )

( ),

( )

( )

( )

( )





Describe in a manner that may be used for assessment of project viability, cost, and duration, the approach that is expected to achieve the proposed objectives (200 words maximum).



Check all that apply: Lab testing   x	, Computations	, Surveys	, Field tests	, Analyses and modeling

    X   , Validation efforts x	Other (specify) ( )



The successful bidder (contractor) will first develop a detailed test matrix, that after review by the PMS will serve as design input for updates on or development of an appropriate experimental apparatus. Contractor to use appropriate methods to determine expected accuracy of measurements (e.g. ASMRE PTC 19.1 or similar) for selecting instrumentation. In initial screening test series, contractor to also specify criteria for what constitutes steady state for the purpose of repeatable FX capacity measurements within an accuracy of 1% of flowrate. 

Contractor to benchmark existing models against obtained experimental data and rank their performance for the various valve-types and fluids specified in the test matrix. Contractor to propose and parameter new expansion device performance prediction models should existing models not predict 95% of the data within 5% of flowrate.  

At the end of the project, contractor should provide models and procedures that allow practitioners to select the dimensions of the FX based on a given set of operating conditions. These procedures should be published as a peer-reviewed STBE paper, with the paper draft submitted prior to completion of the contractual period.





Relevance and Benefits to ASHRAE





















































Proposed Budget and Duration:





This project will benefit ASHRAE members and the society at large through the availability of design guidelines, enabling cost effective development of AC&R systems - which decrease the environmental footprint of our products. Its direct impact will be an accelerated market introduction of low GWP products with the associated reduction of greenhouse gas emissions – in line with Goal #1b of the ASHRAE Strategic Plan.

Direct stakeholders include manufacturers of small and medium capacity HVAC&R systems, including window AC units, small split systems, residential heat pumps, as well as refrigerators, freezers, and vending machines. AHRI may have an interest in co-funding and will be contacted during the call for proposal (TRP) development phase. 











Anticipated Funding Level and Duration



Funding Amount Range: $175,000 - $200,000 

Duration in Months: 24
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[bookmark: _Ref29974355]Table 1: Literature Screening – low GWP Experimental Work

Publication

Expansion Device

Refrigerants

Comments

Dubba and Kumar (2018)

Diabatic capillary

R600a

Experimental work + correlation

Dubba and Kumar (2017) literature review

Adiabatic straight capillary tubes

R744

2 papers published on experimental work. R744 not a candidate for many applications due to high pressure.

Dubba and Kumar (2017) literature review

Adiabatic straight capillary tubes

R600a

2 papers published on experimental work. R600a may not be a low GWP candidate due to flammability concerns.

Dubba and Kumar (2017) literature review

Adiabatic straight capillary tubes

R-407C/R-600a/

R-290 mixture

1 paper published on experimental work. Atypical mixture?  May not be a low GWP candidate due to flammability concerns.

Dubba and Kumar (2017) literature review

Adiabatic coiled capillary tubes

R-290

2 papers published, including experimental work. May not be a low GWP candidate due to flammability concerns.

Dubba and Kumar (2017) literature review

Diabatic straight capillary tube

R-600a

3 papers published, including experimental work. May not be a low GWP candidate due to flammability concerns.

Wang et al. (2018)

Adiabatic capillary

R744

Curvature of tube not modelled, includes experimental work at cycle and component level.

Da Silva et al. (2011)

Diabatic capillary

R744

Straight suction line HX

Gill and Singh (2018)

straight and helical coiled adiabatic capillary

R134a-LPG mixture

Experimental work + ANN model









Feedback to RAC and Suggested Improvements to RTAR ProcessSuggestions for improvement of the RTAR template to facilitate the RTAR review process:

1) Include a footer with page number

2) Include a header with RTAR title and TC number

3) Fix issues with the check-boxes in the “expected approach” section
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