
Update

Attain High Energy Efficiency with Less Materials Using Smaller-Diameter, Inner-Grooved Copper Tubes 

PRESENTATIONS

Vol. 9, Issue 1 • Aug 2019

Join us on LinkedIn
via microgroove.net

Join Us on 
Linkedin 
via microgroove.net

MICROGROOVE COILS SPAN THE 
GLOBE: ASIA LEADS THE WAY 
The ACR Industry is truly global with respect to supply and demand for every product 
category. One can find cold-vending machines, refrigerated display cases, heat pumps 
and air conditioners practically anyplace there are electric outlets available.

This issue provides a broad overview of the status of MicroGroove in China and Japan 
with particular attention to the manufacture of coils from smaller diameter copper 
tubes. MicroGroove activities in India will be described in a separate issue. 

PIONEERING RESEARCH ON MICROGROOVE IN CHINA
Professor Guoliang Ding pioneered the use of MicroGroove technology at the Institute 
of Refrigeration and Cryogenics (IRC) at Shanghai Jiao Tong University (SJTU). He 
and his colleagues conducted computer simulations and laboratory experiments 
demonstrating the advantages of smaller diameter copper tubes in residential air 
conditioning applications. Professor Ding's research career was summarized in an "In 
the Spotlight" column of the MicroGroove Update newsletter (Volume 2, Issue 3) and 
select papers can be found in the MicroGroove Technical Literature webpages.

Supported by ICA and a consortium of ACR OEMs in Asia, Professor Ding demonstrated 
that refrigerant volume could be significantly reduced by reducing the diameter of the 
copper tubes while still meeting performance objectives. From this research, various 
design principles emerged which were of great value to OEMs seeking to optimize 
material usage in air conditioning and refrigeration applications. 

Today, the latest simulation software from China is contained in the HXSim software 
available from the International Copper Association (ICA). See the "In the Spotlight" 
column in this issue.

According to the ICA, the use of smaller diameter copper tubes continues to grow 
in China. Brilliant Consulting estimated that air-conditioning production reached 
136-million units in 2017 and that 37-million of these units were made with 5 mm 
copper tubes. Five millimeter MicroGroove copper tubes were used in about 27 percent 
of the air-conditioning units made in 2017. The number of units using 5 mm copper tubes 
increased 42.8 percent compared to 2016, according to the same market research group.

HEAT EXCHANGER TECHNOLOGY ALLIANCE
ICA China founded the Refrigeration and Air-Conditioning Heat Exchanger Technology 
Alliance (HETA) with the Shanghai Society of Refrigeration. HETA members include 
Gree, Midea, Haier, Hisense, Chigo and TCL. HETA aims to deepen cooperation with these 
OEMs, to research heat exchanger technology and strengthen the advantages of copper 
heat exchanger technology. Through their cooperation on the HETA platform, OEMs are 
realizing the full potential of smaller-diameter copper tubes and applying this technology 
to construction of high efficiency heat-exchangers and appliance products.

UPCOMING EVENTS

25th IIR International 
Congress of Refrigeration
Aug 24-30
Montreal, Canada

ATMOsphere Europe 2019
Oct 16-17
Airport Hotel Okecie
Warsaw, Poland
https://www.microgroove.net/events

PUBLICATIONS

Yoram Shabtay and Nigel Cotton," 
Advantages of small diameter tubes 
in transcritical refrigeration cycles," 
ATMOsphere America 2019,  
Atlanta, Georgia. 
See Slideshow.

Yoram Shabtay and Nigel Cotton, 
"Sub-Zero, MTL Cool and LU-VE 
optimize MicroGroove copper 
tube ciols for use with natural 
refrigerants,"  ATMOsphere Europe 
2018, Lago di Garda, Italy. 
See Slideshow.

https://www.microgroove.net/microgroove-update-newsletter
https://www.microgroove.net/technical-literature
https://www.slideshare.net/EdaIsaksson/advantages-of-small-diameter-tubes-in-transcritical-refrigeration-cycles
http://www.atmo.org/media.presentation.php?id=1510
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Representatives from Gree, Midea, Haier, Hisense, Chigo and TCL were present 
at the beginning of the Heat Exchanger Technology Alliance (HETA).

At the Fifth International Conference on Refrigeration 
Technology (ICRT), which was held in Zhuhai, Guangdong, China 
in December 2018, Ji Song of HETA delivered a presentation titled 
"Systematic study on small diameter copper tube heat exchanger 
technology." The presentation was in Session PS4 on "Heat and 
Mass Transfer," which was chaired by Guoliang Ding, Professor, 
Shanghai Jiao Tong University; and Jinping Liu, Professor, South 
China University of Technology.

ICA China regularly exhibits at the China Refrigeration Expo. It 
has offices in Shanghai and Beijing.  See www.copperalliance.asia 
for more information. These offices continue to play a vital role 
in the dissemination of MicroGroove Technology in Asia and 
throughout the world.

TECHNOLOGY ADVANCES IN JAPAN
Japan is another technological leader in air-conditioning and 
refrigeration. In its university and OEM laboratories, experienced 
heat-exchanger engineers, physical scientists, computer 
simulation specialists and system designers continue to research 
the advantages of MicroGroove technology in real world 
applications. They are investigating ecofriendly refrigerants, 
copper tube performance and system innovations.

According to Masahiko Wada of the Japan Copper Development 
Association, "The key benefits of MicroGroove are higher 
efficiency and less materials usage. We enjoy sharing the latest 
developments in MicroGroove technology with researchers from 
around the world."

A seminar for OEMs was recently held by the Japan CDA. 
Research on small diameter, high performance inner-grooved 
copper tubes was presented for the next generation refrigerants 
and equipment. Attendees learned how to improve the heat 
transfer performance by reducing copper tube diameters. For 
tubes with smaller diameters, the tube wall can be thinner, the 
refrigerant can be reduced and the conductivity per unit volume 
increases. These advances makes copper more competitive versus 
alternatives.

Professor Inoue of Tokyo University of Marine Science and 
Technology and Professor Miyara of Saga University described 
laboratory experiments on copper tubes and the effect of copper 
tube diameter on heat exchanger performance. The seminar was 
attended by more than twenty engineers from Daikin, Panasonic, 
Hitachi, Mitsubishi, and Toshiba and other OEMs as well as 
representatives from three copper tube makers.

The use of low-GWP refrigerants is growing in Japan. An 
example is multinational retailer Lawson, one of Japan's biggest 
convenience store operators. Lawson already had installed 
CO2 transcritical systems in 3,272 stores across Japan by the 
end of 2018. The majority of these CO2 systems were supplied 
by Panasonic. The company is field-testing products from 
other manufacturers, too, and the total number of installed 
CO2 transcritical systems is expected to exceed 4000 by 
2020 as recently reported by R744.com. Shinichiro Uto, who 
is in charge of the store development division with Lawson, 
outlined Lawson's business and environmental objectives in 
a presentation titled "Lawson's Efforts to phase out Freon" at 
ATMO Japan 2019. 

Japan is a major player in the development of air conditioners, 
refrigeration and heat pumps and is home to large OEMs such as 
Daikin, Panasonic and Mitsubishi. Japan has led the way in the 
development of new technologies such mini-splits and variable 
refrigerant volume systems.

Shankar Sapaliga, Kerry Song and Avinash Khemka represented the Copper 
Alliance at the HETA exhibit at the 2019 China Refrigeration Exposition.

https://www.copperalliance.asia/?p=1090&lang=en
http://www.copperalliance.asia 
http://www.jcda.or.jp/english/tabid/117/Default.aspx
http://www.jcda.or.jp/english/tabid/117/Default.aspx
http://www.r744.com/articles/8849/lawson_targets_4_000_co2_stores_by_2020
http://www.atmo.org/media.presentation.php?id=1537
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Japan's Daikin was one of the original members of the 
consortium that facilitated the adoption of MicroGroove 
technology by Chinese OEMs. Researchers from Daikin are 
frequent contributors of technical papers on the latest advances 
in small tube technology.

Daikin Industries Ltd. acquired Goodman Global in 2012 and the 
company soon commenced construction the state-of-the-art 
Daikin Texas Technology Park campus near Houston, Texas. This 
project was the largest investment made in Daikin's 90-year 
history. In October 2016, operations at the new facility ramped 
up and the first Goodman air conditioner and gas furnace units 
came off the line. Construction of the huge facility concluded  
in 2017, thereby consolidating Goodman's HVAC manufacturing, 
engineering, logistics, and customer support under one, very 
large 4.1 million square foot roof.

Japan is noted for the development of EcoCute, which is a 
natural refrigerant heat pump water heater. The name EcoCute 
is derived in part from the Japanese word "kyuto" which 
literally means "supply hot water" prefixed by the "Eco-," which 
suggests economic and ecological. EcoCute was one of the 
first major market successes for CO2 technology. The EcoCute 
story is described in shecco's "GUIDE to Natural Refrigerants in 
Japan: State of the Industry 2016," which is available for a free 
download from shecco here. This "GUIDE" covers much of the 
history of CO2 in Japan including extensive data on EcoCute and 
Panasonic.

Yokohama, Japan played host to the quadrennial IIR 
International Congress of Refrigeration (ICR) in 2015. ICA 
MicroGroove was a silver sponsor of the Congress where a 
technical paper titled "A General Steady State Mathematical 
Model for Multi-Unit Air Conditioner System Based on Graph 
Theory" was presented. This technique is especially useful when 

applied to MicroGroove heat-exchanger coils in multi-unit 
systems. MicroGroove technology has been successfully used in 
the manufacture of residential air-conditioners for the global 
market as well as for light-commercial refrigeration systems 
and large condensers and gas coolers.

MicroGroove exhibited at the quadrennial IIR Intenational Congress of 
Refigeration in Prague and Yokohama and will exhibit in Montreal in  
August 2019. The Japan Copper Development was on hand to answer 
questions in Yokohama.

THE SUN NEVER SETS ON MICROGROOVE
Truly MicroGroove is a global phenomenon. The coils are made 
around the world, in China, Korea, Vietnam, Japan and India; 
in several EU countries; and in the United States, Canada and 
Mexico. It is a breakthrough, "game-changing technology" in 
every send of that phrase; and it is paving the way to more eco-
friendly solutions for human comfort and the cold chain.

The next articles in this series will survey trends in India and 
Europe, where MicroGroove continues to grow as the technology 
of choice for air-conditioning, refrigeration and heat pumps.

WEBINARS
Advantages of Small Diameter Copper Tube-Fin Heat 
Exchangers Webinar #1 in the OTS-ICA Educational Outreach 
Program (EOP)
View Recorded Webinar #1

Construction of Small Diameter Copper Tube-Fin Heat 
Exchangers Webinar #2 in the OTS-ICA EOP
View Recorded Webinar #2

Effective Design of Small Diameter Copper Tube-Fin Heat 
Exchangers Webinar #3 in the OTS-ICA EOP
View Recorded Webinar #3

See the MicroGroove “Webinars” webpage
http://www.microgroove.net/webinars

Also see MicroGrooveTech YouTube channel for archive of 
past webinars
https://www.youtube.com/user/MicroGrooveTech
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https://www.houstonchronicle.com/business/article/On-outskirts-of-Houston-giant-HVAC-plant-employs-11161770.php
https://www.houstonchronicle.com/business/article/On-outskirts-of-Houston-giant-HVAC-plant-employs-11161770.php
https://en.wikipedia.org/wiki/EcoCute
http://publication.shecco.com/publications/view/65
https://microgroove.net/press/microgroove-technology-motivates-research-multi-unit-air-conditioning-systems-says-internation
https://www.youtube.com/watch?v=siHwksYWQXk&feature=youtu.be&t=2m46s
https://www.youtube.com/watch?v=SvsoFwU4Bb0&feature=youtu.be
https://www.youtube.com/watch?v=lYEkSN2HUuQ&feature=youtu.be
http://www.microgroove.net/webinars
https://www.youtube.com/user/MicroGrooveTec
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IN THE SPOTLIGHT

Imagine a coil simulation program that allows one to build 
a coil from the most basic elements and then predict the 
performance in intricate detail. Furthermore, imagine a 
practically limitless choice of design criteria. Then imagine 
that this software tool could be run on a desktop computer 
via a user-friendly graphical user interface (GUI) and 
that it comes with an easy-to-follow user's manual. And, 
finally, just imagine that it is available at a nominal charge.  
That in a nutshell is the HXSim "Small Diameter Copper Tube 
Air Conditioning Heat Exchanger Simulation Tool."

 According to the manual, the main function of HXSim is to 
give accurate calculation results for predicting the capability 
of small-diameter copper-tube air conditioning heat 
exchangers in steady state conditions.

Once the user inputs the coil design parameters, the software 
calculates such quantities as heat exchange capacity, 
refrigerant-side pressure drop, and airside pressure drop; 
and it displays the results in easy-to-understand graphic or 
tabular formats.

The graphical user interface (GUI) makes it easy to enter 
data and observe simulation results. Both 3D and 2D user 
interfaces are available.

HXSim can simulate fin-and-tube heat exchangers for a 
variety of refrigerants and types of heat exchangers. The user 
can vary the tube size, fin design and tube circuitry as well 
as many other parameters. The tool gives the heat exchanger 
engineer deep insights into the interrelationships between 
various coil design parameters.

This powerful software tool was developed at Shanghai Jiao 
Tong University (SJTU) for many years under the auspices 
of the International Copper Association. The project was 
overseen and coordinated by the renowned Professor 
Guoliang Ding of the Institute of Refrigeration & Cryogenics 
in Department of Power & Energy Engineering at SJTU.

Professor Ding was the subject of an "In the Spotlight" 
column in the June 2012 issue of the MicroGroove Update 

Newsletter. That same issue outlines basic heat exchanger 
design principles, which are now captured in the HXSim 
software. HXSim represents the next big step in simplifying 
the design of advanced MicroGroove heat exchangers. 
Since then, Professor Ding has continued to spearhead the 
development of heat exchangers using smaller diameter 
copper tubes in a variety of air conditioning and refrigeration 
products as well as heat pumps.

INPUTTING THE DESIGN PARAMETERS
The latest version of HXSim (version 3.0) is well documented 
with a user manual submitted by Professor Guoliang Ding. 
The manual is available for downloading from the technical 
literature webpage of the microgroove.net.

When using the program to design a MicroGroove heat 
exchanger, the most basic input has to do with the type 
of refrigerant, the type of heat exchanger and the heat 
exchanger dimensions. The three main "Types" of heat 
exchanger blocks are the I-Type, L-Type and C-Type. (The most 
basic block shapes roughly corresponding to the shapes of the 
letters (I, L or C).

HXSIM IS A POWERFUL TOOL FOR SIMULATING 
MICROGROOVE COILS

USER-FRIENDLY PLATFORM ACCURATELY PREDICTS PERFORMANCE  
FROM VERSATILE DATABASE OF DESIGN PARAMETERS

Figure 1: Heat exchanger in 2D view.

https://microgroove.net/press/microgroove-technology-motivates-research-multi-unit-air-conditioning-systems-says-internation
https://www.microgroove.net/technical-literature
https://www.microgroove.net/technical-literature
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IN THE SPOTLIGHT

Figures 1 and 2 show the graphical user interface for 
an I-Type heat exchanger in two and three dimenions, 
respectively.

The detailed meanings of the dimension input window are 
shown in Table 1. In these inputs, the "Row number" is of 
first importance. Only after inputting the row number can 
the column number of each row and the tubes in each 
column be defined.

Next the designer can input the row spacing and the 
column numbers for the tube locations. Then the fin-type 
can be selected and data can be entered on the joints. The 
"Connect Tubes" function is a vital step, which can also be 
accomplished through the easy-to-use 2D or 3D graphical 
user interface.

The program allows the user to select the inlet airflow, 
which does not need to be uniform across the heat 
exchanger. A number of variables are available with respect 
to the inlet airflow.

A database of tube types as well as fin types is available 
for use. The outer diameter of the MicroGroove tubes and 
the tube wall thickness as well as the inside-the-tube 
enhancements can also be varied. See Figure 3.

In summary, users can input parameters such as dimensions 
of heat exchanger, tube and fin geometry, refrigerant 
circuitry and operating conditions through the interactive 
GUI. The details of block, tubes, fins, refrigerant and air-flow 
are entered via data input dialog windows. Clicking the "Ok 
button" checks the values and closes the window. A warning 

Figure 3: The tube diameter, tube wall thickness and inside-the-tube 
enhancements can be varied.

Table 1: Meanings of Parameters in Dimension Input Window

Figure 2: Heat Exchanger in 3D View.

dialog shows if the input data entered into some edit box is 
not apropos.

OUTPUTTING THE 
PERFORMANCE RESULTS
Once all the inputs have been provided the user is ready to 
run a simulation. Figure 4 shows how simulation results can 
be presented as a three-dimensional colored graph. Actually, 
a much finer analysis is available with steady-state values of 
temperature and pressure available at practically any point in 
the path of the refrigerant.

The simulation package will output calculated quantities such 
as heat exchange and outlet conditions of both refrigerant 
and air. The calculated results can be displayed in tables and 
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IN THE SPOTLIGHT

charts as well as 3D colored visualization of the properties at 
every location in the coil. It is also possible to print 2D and 3D 
heat exchanger graphs. Results can be saved and files can be 
serialized allowing for the application of various optimization 
algorithms.

The following menu items are available only after the 
simulation of heat exchanger is accomplished.

"Chart" provides an access to see both inlet and outlet state 
parameters of air/refrigerant in every control volume of every 
tube through a selected refrigerant path in charts.

"Table" provides an access to see both inlet and outlet state 
parameters of air/refrigerant in every control volume of every 
tube through a selected refrigerant path in a whole table.

"Graph" provides an access to open the results window which 
shows the simulation results. Figure 4 shows an example of 
3D simulation results for temperature gradations in an L-Type 
heat exchager

Additionally, the menu item "Cost" provides an access to 
open the cost window which shows the heat exchanger 
cost. This menu item is available independently of the 
simulation results.

AVAILABLE FROM MICROGROOVE
The International Copper Association wants you to become an 
expert in the design of heat exchangers made from smaller-
diameter copper tubes. The HXSim software package makes 
it easier than ever to grasp the relationship between various 
design parameters. It helps to strike and perfect balance 
between cost limitations and performance objectives.

Running HXSim simulations on proposed designs allows one 
to accurately predict the performance of the coils before 
building and testing prototypes and investing in the tooling to 
manufacture coils in volume.

Of course, many coil manufacturers and heat transfer engineers 
have developed their own specialized software programs 
for simulating the performance of heat exchangers. ICA has 
supported the development of tube correlations through 
contracts with many universities and research laboratories.

Additionally, ICA has co-funded optimization studies through 
Optimized Thermal Systems, along with numerous OEMs. 
See for example, information about the OTS-ICA educational 
outreach program and webinar series. 

Nonetheless, for an easy-to-use and inexpensive, yet 
powerful and accurate, tool for the design and simulation 
MicroGroove coils, the HXSim platform can't be beat. For 
more information on HXSim, contact the MicroGroove Team 
Leader or one of the MicroGroove team members.

Figure 4: Simulation results in color gradation.

https://microgroove.net/ots-ica-educational-outreach
https://microgroove.net/ots-ica-educational-outreach
https://microgroove.net/contact-us
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MICROGROOVE COILS SPAN THE 
GLOBE: SMALLER DIAMETER 
COPPER TUBES THRIVE IN INDIA 
South Asia is on the crossroads between Europe, Central Asia and Southeast Asia. 
As such, it is well located to supply heat exchangers for global ACR markets. India 
not only exports heat exchangers to Europe and Asia but also to North America, 
especially for refrigeration equipment.

Furthermore, the demand for heat exchangers domestically continues to grow. 
India is among the largest and fastest growing markets globally for room 
air conditioners (RACs) with about six million units sold in 2018. Increased 
infrastructural development, urbanization, higher standards of living and rising 
disposable income have all contributed to the heightened demand for air-
conditioning.

India is a stronghold of MicroGroove know-how. Smaller diameter copper 
tubes increasingly are used in air conditioning and refrigeration applications in 
South Asia. A round tube, plate fin heat exchanger provides superior drainage 
and is easier to clean than a microchannel heat exchanger with serpentine fins 
sandwiched between ribbonlike multichannel tubes.

“A MicroGroove heat exchanger is made from smaller-diameter copper tubes,” 
explains Avinash Khemka, Chief Manager at the International Copper Association 
India. “MicroGroove offers numerous advantages. MicroGroove is now emerging 
as the preferred alternative to microchannel.”

This issue reviews the status of MicroGroove in India. It is one in a series of 
articles covering MicroGroove in the Americas, India, Asia and Europe. India 
merits separate coverage because of its large domestic market as well as its 
unique position as a global exporter of MicroGroove coils.

UPCOMING EVENTS

ATMOsphere Europe 2019
Oct 16-17
Airport Hotel Okęcie
Warsaw, Poland
(More info on "Events" page)

WEBINARS

See the MicroGroove  
"Webinars" webpage
www.microgroove.net/webinars

Also see MicroGrooveTech YouTube 
channel for archive of past webinars
www.youtube.com/user/
MicroGrooveTech

PUBLICATIONS

Yoram Shabtay and Nigel Cotton, 
"Advantages of small diameter tubes 
in transcritical refrigeration cycles," 
ATMOsphere America 2019, Atlanta, 
Georgia. See Slideshow.

Yoram Shabtay and Nigel Cotton, 
"Sub-Zero, MTL Cool and LU-VE 
optimize MicroGroove
copper tube coils for use with 
natural refrigerants," ATMOsphere 
Europe 2018, Lago di Garda, Italy. 
See Slideshow.

Avinash Khemka and 
Shankar Sapaliga at 
ACREX India.
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CORROSION RESISTANCE 
WINS MARKET SHARE
“MicroGroove usage continues to grow in India. It is a 
preferred tube for India because of its corrosion resistance,” 
says Khemka. “It is true that a decade ago larger-diameter 
copper tubes began to lose market share to aluminium. 
Although a low point was reached in 2014, the corrosion 
resistance of copper prevailed and copper heat exchangers 
are now recapturing market share.

“The trend back toward copper has been dramatic in the 
last four years as end users of aluminium microchannel 
experienced many cases of failure and leakage. Now 
end users have an energy-efficient copper alternative. 
MicroGroove copper has emerged as an easy-to-maintain, 
reliable and durable option, well suited for the tropical 
climate of India,” continues Khemka.

“The industry is rapidly switching to MicroGroove as a practical, 
economical, eco-friendly alternative to MicroChannel,”  
Khemka emphasizes.

COIL MAKERS EXPAND PRODUCTION
Many coil manufacturers have added MicroGroove heat 
exchanger production lines to their plants or even built 
new facilities dedicated to the production of MicroGroove 
heat exchangers.

SPIROTECH Heat Exchangers (LU-VE Group) was among the 
first companies to adopt MicroGroove five years ago. Based 
in Bhiwadi, Rajasthan (about 60 km south of New Delhi), 
it makes MicroGroove heat exchangers for heat pumps, air 
conditioners and refrigeration systems, including MicroGroove 
heat exchangers for R744 systems. For more about SPIROTECH,  
see video “Presentation and Factory Tour,” October 31, 2018.

Indus (www.indusair.com) is another company that has 
invested in the manufacture of MicroGroove coils. Another 
company, Danvita, was established recently in Mumbai by 
one of the directors of Indus (www.danvita.com).

Danvita uses five millimeter “Micro Tube” copper tube 
coils that reduce refrigerant charge by one third compared 
to seven millimeter copper tube coils. According to the 
company, Micro Tube coils are a perfect substitute for 
multichannel heat exchangers because they are lighter, 
offer reduced refrigerant charge, and they are serviceable 
in the field.

Danvita’s Quantum™ Fin design provides high system 
efficiency. With its use of CFD technology and in-depth 
knowledge of fluid flow, Danvita developed an innovative fin 
surface that provides heat transfer capacities much higher 
than other fin surfaces using the same footprint. Danvita 
serves commercial, industrial and residential HVAC and 
refrigeration markets as well the mobile HVAC industry and 
it is well equipped with the latest technologies.

The Amber Group India (www.ambergroupindia.com/heat-
exchanger/) recently collaborated with the International 
Copper Association India and Optimized Thermal Systems 
(Beltsville, Maryland, USA, www.optimizedthermalsystems.
com) to optimize Microgroove heat exchangers for an AC 
application that uses R32 as a refrigerant.

5 mm bent condenser coil for 2.0 
TR outdoor unit of a split room air 
conditioner Courtesy of SPIROTECH

5 mm condenser coil for 
1.5 TR window room air 
conditioner. Courtesy 
of SPIROTECH.

SPIROTECH Heat Exchangers was an early adopter of 5 mm copper 
tubes. The condensers shown here all use 5 mm copper tubes.. 

STAR LABELING FOR 
ENERGY EFFICIENCY
Since the revision of Star Labeling by the Bureau 
of Energy Efficiency in 2018, AC manufacturers are 
specifying condensers and evaporators that transfer 
heat efficiently. Laboratory experiments show that 
heat transfer coefficients (HTCs) are highest for smaller 
diameter inner-grooved copper tubes compared to larger 
diameter tubes and smooth tubes. Higher HTCs result in 
more efficient RAC systems. These systems also use less 
material and less refrigerant.

MicroGroove coils made from smaller diameter inner-
grooved copper tubes deliver an unprecedented 
combination of reliability and energy efficiency. They are 
more affordable than traditional designs because they 
use less material. Typical MicroGroove copper tube outer 
diameters are 7 mm, 6.35 mm (0.25 inch) and 5 mm.
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ICA INDIA AT ACREX INDIA
The International Copper Association India (ICA 
India) actively promotes MicroGroove in India. (See 
https://copperindia.org/ for more information.) ICA 
India regularly exhibits at ACREX India under the 
MicroGroove banner. The reader is invited to view 
photographs from past ACREX Exhibitions uploaded 
into Flickr Albums. Also, ICA India contributes regular 
articles on MicroGroove in various HVAC-R magazine  
in India.

THE SUN NEVER SETS ON 
MICROGROOVE
MicroGroove technology is being used in China, Korea, 
Vietnam, Japan and India; in several EU countries; and in 
the United States, Canada and Mexico. It is a breakthrough, 
“game-changing technology” in every sense of that phrase; 
and it is paving the way to more eco-friendly solutions for 
human comfort and the cold chain.

The next article in this series will survey trends in Europe, 
where MicroGroove continues to grow as the technology of 
choice for air-conditioning, refrigeration and heat pumps.

The International Copper Association India promotes MicroGroove 
Technology at ACREX India. Shown here are Shankar Sapaliga, Senior 
Consultant HVAC, and Avinash Khemka, Chief Manager HVAC.

5 mm coil for condensing unit for CO₂ refrigerant. Courtesy of SPIROTECH. 5 mm condenser coil for a clothes dryer application. 
Courtesy of SPIROTECH.
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IN THE SPOTLIGHT

Every four years, academia and industry gather for 
the International Congress of Refrigeration (ICR). 
MicroGroove exhibited at the ICR 2011 in Prague; 
ICR 2015 in Yokohama; and recently at ICR 2019 in 
Montreal.

The theme for the 25th IIR ICR was “Refrigeration 
for Human Health and Future Prosperity.” Montreal 
is the city where the original Montreal Protocol on 
substances that deplete the ozone layer (such as 
CFCs and HCFCs) was signed in 1987. Many papers 
on low-GWP refrigerants were presented at ICR 2019. 
According to search results, at least 31 papers mention 
“Low GWP refrigerants” and at least 20 papers mention 
“R744.” The next ICR will be held in Paris in 2023.

MICROGROOVE RETURNS TO INTERNATIONAL 
CONGRESS OF REFRIGERATION

The use of Multiple-Objective Genetic Algorithms 
(MOGA) in heat exchanger design frees the designers to 
do creative research rather than focusing on the tedious 
task of searching the design space for the optimal 
designs.

MOGA systematically varies the parameters of a coil 
design and simulates the performance for each selected 
set of parameters. Genetic Algorithm (GA) is a type 
of evolutionary algorithm. A population of possible 
solutions is evaluated in each iteration. In a Multi-
Objective (MO) algorithm, the decision or selection is 
made from the resulting Pareto space after the search 
is complete. Heat exchanger designs that more closely 
meet the design objectives are selected from the 
resulting options.

Case studies included (1) heat-pump condensers to 
replace microchannel tubes with smaller diameter 
copper tubes; (2) a window air-conditioner condenser 
to improve system efficiency while reducing cost 
and refrigerant charge; (3) a refrigerator-freezer 
condenser to reduce hydrocarbon refrigerant charge; 
(4) the condenser of a packaged terminal AC system to 
minimize raw material costs and airside pressure drop 
while maintaining performance; and (5) an evaporator 
coil for a heat pump water heater to maximize capacity 
and minimize fan pumping power.

These diverse case studies demonstrate the advantages 
of smaller diameter copper tubes and the value of 
MOGA for design optimization. In most applications, 
MicroGroove heat exchangers can clearly outperform 
heat exchangers made from larger diameter copper 
tubes and performance can be comparable to 
microchannel heat exchangers.

ANNUAL PERFORMANCE FACTOR
Tao Ren, Jiamin Shen, Guoming Wu from the Institute 
of Refrigeration and Cryogenics of Shanghai Jiao Tong 
University, Shanghai collaborated with Yongxin Zheng, 
Yifeng Gao, and Ji Song from the International Copper 
Association Shanghai Office, Shanghai on a paper 
titled “Fast predicting method for maximum APF of 
heat pump type air conditioner” (ID 722).

MicroGroove Technology was once again on display at the International 
Congress of Refrigeration. Harry Schmitz and Yoram Shabtay manned the 
booth in the exhibit hall to answer questions from the delegates in Montreal

MOGA CASE STUDIES
“Optimization of copper-tube coils for energy-
efficiency and charge reduction in heat pumps, 
air conditioners and refrigerators” reviewed five 
simulation studies using the Multi-Objective Genetic 
Algorithm (ID 854). The authors were Yoram Shabtay 
from Heat Transfer Technologies; Nigel Cotton and Hal 
Stillman from the International Copper Association; 
and Dennis Nasuta from Optimized Thermal Systems.
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Results:
Five different optimization studies were performed by Optimized Thermal Systems in collaboration with the International Copper Association and five 
different manufacturers. In each case, copper tubes with diameters of five millimeters were specified and MOGA was used to optimize the configurations  
of heat-exchanger-geometry parameters.

Objective:
To optimize the design of a variety of heat exchangers using Multi-Objective Genetic Algorithms (MOGA).

Yoram SHABTAY(a), Hal STILLMAN(b), Dennis NASUTA(c), Nigel COTTON(d)

a. Heat Transfer Technologies LLC, Prospect Heights, Illinois
b. International Copper Association, Ltd., Washington, DC
c. Optimized Thermal Systems, Inc., Beltsville, Maryland
d. European Copper Institute, Brussels, 1150, Belgium

Introduction:
MOGA facilitates the optimization of heat exchanger performance using algorithms that mimic evolution in nature by carrying forward the traits of 
successful designs into future populations.

MOGA has proven effective in the optimization of MicroGroove heat exchangers for commercial and residential air-conditioners as well as refrigerators,  
heat pumps and hot-water heat pumps.

Optimization of Copper-Tube Coils for Energy-efficiency and Charge  
Reduction in Heat Pumps, Air Conditioners and Refrigerators

Conclusions:
Heat exchangers can be optimized using simulation tools and a multi-objective genetic algorithm (MOGA). The examples here show how to realize 
performance objectives while meeting design constraints of actual applications. These and other applications demonstrate that charge reduction and 
efficiency gains can be achieved through the use of smaller-diameter copper tubes.

1. Heat pump condenser. 
The MOGA-optimized designs were similar to the baseline 
microchannel coil with regard to airside pressure drop and capacity.

2. Window AC condenser.
MOGA designs increased the efficiency of the heat exchanger while 
reducing materials usage and refrigerant charge. MOGA designs 
improved the COP by as much as 15% and reduced material usage by 
more than 60%.

3. Refrigerator-freezer condenser.
Hydrocarbon refrigerant charge was dramatically reduced in the 5 mm 
designs. MOGA designs reduced the internal tube volume up to 41% 
along with a 57% reduction in overall coil volume compared to the 
baseline 6.25 mm copper tube designs. (Fig. 1)

4. PTAC condenser.
Raw material costs and airside pressure drop were reduced while 
maintaining performance. MOGA designs provided as much as 50% 
savings in raw material costs while keeping the pressure drop close  
to the baseline. The best design reduced the overall internal volume  
by 62%. (Fig. 2)

5. HPWH evaporator.
MOGA was used to show that capacity could be doubled by increasing 
fan power; and that 5 mm designs delivered more capacity than the 
7.9 mm baseline heat exchanger for a given fan power.(Fig. 3)

Internal Volume (Normalized)

Figure 1: The best 5 mm design reduced internal 
tube volume by 41 percent.

Figure 2: Low-cost PTAC condenser designs. Figure 3: Performance of 5 mm designs normalized against the baseline 7.9 mm 
heat exchanger. Circles and squared of increasing area represent performance at 
higher flow rates.
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The annual performance factor (APF) is the energy 
efficiency index for heat pump type air conditioners 
(HPAC). The paper presents a method to maximize 
the APF of an HPAC quickly. The method can be 
described in three steps: (1) a set of experimental data 
of air conditioner performance is obtained; (2) the APF 
optimization equations are deduced from the theoretical 
cycle of refrigeration; and finally (3) the experimental 
data are substituted into the APF optimization equations 
to calculate the best combinations of capacity and 
energy efficiency. The new method was applied to a real-
world HPAC, specifically a smaller diameter copper tube 
system, demonstrating that the maximum APF can be 
obtained quickly while reducing the experimental work.

THE MICROFIN ADVANTAGE
In the academic literature, MicroGroove tubes are 
commonly referred to as “microfin tubes” since 
“MicroGroove” is a trademark of the Copper Alliance. 
Research relating to MicroGroove includes laboratory 
experiments, theory and modeling, and design case 
studies.

At ICR 2019, laboratories around the globe reported 
on careful laboratory measurements of the effects 
of internal grooves, or microfins, on thermophysical 
properties of smaller diameter copper tubes. Typically 
tube suppliers offer surface enhancements inside the 

tube which improve the heat transfer coefficients when 
the tubes are used in evaporators and condensers. 
These effects can vary significantly depending on the 
refrigerant type, flow type (e.g., boiling or condensing), 
and flow rate.

One example of such research presented at the ICR 2019 
is a paper titled “Condensation and evaporation of pure 
refrigerant flowing in small diameter micro-fin tubes” 
by M. Khairul Bashar et alia (ID 607). This excellent 
research was performed at a test facility established 
in Miyara and Kariya Laboratory at Saga University. A 
schematic shows the test section (total length is 852 
mm), which consist of a horizontally installed tube, two 
headers, water channels, three sub-sections and total of 
24 thermocouples on the tube wall for measuring wall 
temperature. The refrigerant flows inside the test tube, 
while the counter-current water flows through the 
water loop. Bashar et alia made measurements on four 
types of copper tubes: Type 1 was a Smooth tube with 
an outer diameter of 2.5 mm; and Types 2, 3 and 4 were 
Microfin tubes with outer diameters of 3.5 mm, 3.0 mm 
and 2.5 mm, respectively. The experiment yielded many 
data points related to tube performance. Among the 
many results, it was reported that during evaporation 
test, the heat transfer coefficient of the microfin tube 
(Type 4) is approximately 1.5 to 2.3 times greater than 
that of smooth tube (Type 1) at mass at a mass flux 
of 50 kilograms per meter squared per second. The 
authors acknowledged the Japan Copper Development 
Association (JCDA) is acknowledged for its financial 
support.

The Miraya and Kiriya Laboratory at Saga University 
was not the only laboratory performing research on 
smaller diameter inner-grooved copper tubes. Research 
on microfins in smaller diameter copper tubes was also 
conducted at the University of Padova. The paper titled 
“R1224yd(Z) Flow Boiling inside a Mini Microfin Tube” 
by Longo et alia (ID 404) includes a detailed review of 
research on mini microfin tubes in its introduction with 
references to many recent research papers.

An excerpt is as follows:

More recently, microfin tubes with internal diameter 
smaller than 5 mm are becoming more and more 
popular because they can be used in the next 
generation of air conditioning and refrigeration 
systems, leading to more compact and more efficient 

Kerry Song from the International Copper Association Shanghai Office 
delivered a presentation on a method for calculating the APF for a 
HPAC that uses 5 mm copper tubes.
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heat exchangers. Furthermore, the use of these mini 
microfin tubes may imply a relevant reduction of 
the refrigerant charge of the system, thus facing 
with the new stricter environmental regulations. For 
these reasons, large manufacturers are exploring 
the possible use of mini microfin tubes and there is a 
strong interest in understanding the heat transfer and 
pressure drop behaviors of these enhanced tubes. The 
literature about small diameter microfin tubes (i.e. 
inner diameter lower than 6 mm or so) is still poor if 
compared with larger tubes.

That said, numerous papers from the University of 
Padova present the detailed results of painstaking 
research on the heat transfer coefficients of smaller 
diameter copper tubes, including smooth and microfin 
tubes. The experiments described by Andrea Diani et alia 
(ID 224) were undertaken at the Heat Transfer in Micro-
Geometries Laboratory at the University of Padova on a 
4.0 mm OD horizontal microfin tube with 40 fins along 
the inner circumference. Each micro-fin is 0.12 mm 
high with an apex angle of 43 degrees. Tests are carried 
out for mass fluxes from 100 to 800 kilograms per 
meter squared per second. Noteworthy papers from the 
University of Padova are as follows:

ID 225: R513A condensation inside a small sized 
microfin tube, Diani et alia.

ID 404: R1224yd(Z) Flow Boiling inside a Mini Microfin 
Tube, Longo et alia.

ID 408: R1233zd(E) and R1234ze(Z) condensation inside 
a 4 mm horizontal smooth tube, Longo et alia.

ID 1197: Heat transfer mechanisms during refrigerant 
condensation when varying inclination, Azzolin et alia.

Similar research was performed at the Tokyo University 
of Marine Science and Technology (TUMSAT), Tokyo, 
Japan. One noteworthy TUMSAT paper is “Experiments 
on condensation heat transfer and visualization of flow 
pattern with R1234ze(E) inside horizontal 4 mm small-
diameter microfin tubes” by Hirose et alia (ID 1303).

Flow visualization of the effects of microfins using 3D 
printed clear resin tubes with different geometries is 
described in two papers from the University of Illinois at 
Urbana-Champaign, Urbana, United States.

ID 857: Modified flow pattern maps for flow boiling in 
horizontal micro-finned tubes considering the effect of 
helix angle, Cheng-Min Yang and Pega Hrnjak.

ID 858: Analysis and quantification of generated 
bubbles in flow boiling through diabatic visualization, 
Cheng-Min Yang and Pega Hrnjak.

NATURAL REFRIGERANTS
Several papers on trends in R744 refrigerant were 
presented at the conference. “Global market and 
policy trends for CO₂ in refrigeration” (ID 1103) 
by Klara Zolcer Skačanová from shecco describes 
the impressive growth of CO₂ transcritical systems 
worldwide from 2015 to 2018. In that time period, 
Europe reached 16,000 stores, or 14 percent of the 
food retail market for stores bigger than 400 square 
meters; Japan reached more than 3,530 stores; and 
the U.S. had the largest relative growth rate, growing 
from 52 to more than 370 stores. Skačanová also 
discusses CO₂ refrigeration system in small stores, 
industrial applications and ice rinks. One conclusion 
is that the “the speed of technology adoption will also 
be determined by the availability of technicians able to 
safely install and maintain the equipment.”

“The advantages of natural working fluids” (ID 1030) by 
Armin Hafner of the Norwegian University of Science 
and Technology makes the case for natural working 
fluids such as carbon dioxide and propane. After a 
comprehensive review of current refrigerants, he shows 
how natural refrigerants are energy efficient and 
environmentally benign alternatives. One conclusion is 
that “the integration of expansion work recovery devices 
like ejectors allows today’s CO₂ commercial refrigeration 
systems to outperform HFC units on annual energy 
consumption in any climate region.” 

Hafner was also the coauthor of more than a dozen 
other papers, including case studies from Jordan and 
India demonstrating the efficiency of CO₂ systems for 
supermarkets in very hot climates (ID 787, ID 797 and  
ID 1044). He will be a keynote speaker at 2019 ATMO 
Europe in Warsaw.
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MICROGROOVE IN GAS COOLERS
Stefano Fillipini of the LU-VE Group presented the latest 
research on gas coolers with smaller diameter copper 
tubes in “High efficiency air cooled heat exchangers for 
CO₂ applications” (ID 326).

LU-VE has developed a CO₂ plant designed to be able to 
test condensers, gas coolers and unit coolers. According 
to the authors, a dedicated software program was 
developed in-house by LU-VE using LabView to monitor 
and acquire data. The maximum operating pressure is 
120 bar, while the maximum temperature is 120 °C.

The authors describe some peculiarities of CO₂ gas 
coolers in this excerpt from the abstract.

CO₂ is significantly different from all the other 
halogenated and non-halogenated fluids and it 
poses peculiar opportunities to heat exchanger 
designers: their discussion is the subject of this paper, 
underlining in particular innovative solutions and test 
laboratory to enhance the heat exchange efficiency 
and to improve the overall performance of the 
refrigeration plant.

In light of the most recent research and development 
on gas coolers, the LU-VE authors drew the following 
conclusion:

The CO₂ gas cooler product can therefore be 
considered “proven technology” in the refrigeration 
field. This achievement was made possible because 
of the design strategy adopted by the LU-VE Group, 
consisting of the utilization of high performance heat 
transfer surfaces and of miniaturized geometries 
(small diameter tubes) even for large heat exchangers. 

CFD MODELING OF 
CO2 GAS COOLER
A three-dimensional CFD model method for a 
fin-and-tube CO₂ gas cooler is proposed in the 
paper titled “Performance analysis of finned-
tube CO₂ gas cooler with advanced CFD modelling 
development and simulation” by Zhang et alia  
(ID 835). According to the authors, the new model 
allows for the prediction of the airside local heat 
transfer coefficient and the effect of different operating 
conditions. The model is applied to a gas cooler made with 
smooth copper tubes with 7.9 mm outer diameter and 7.5 
mm inner diameter.

The CFD results suggest that the airside heat transfer 
coefficient and heat transfer rate increase with higher 
air inlet velocity; the refrigerant temperature drops 
dramatically at the beginning of heat exchanger 
pipes; and lower air inlet temperature results in 
lower refrigerant outlet temperature. Another 
conclusion is that higher velocity lowers the approach 
temperature and improves the performance of  
gas cooler.

The CFD research received support from GEA Searle and 
Research Councils UK (RCUK). The authors are from the 
University of South Wales and Brunel University London. 

CONCLUSION
Montreal played host to 850 participants from 45 
countries. The quadrennial IIR ICR is a unique venue 
for sharing research with colleagues from around the 
world. Among the 534 oral presentations and 72 posters 
based on manuscripts, several papers on copper tubes, 
heat exchangers coils and systems are highlighted here. 
Global research shows that heat exchangers made with 
smaller diameter copper tubes offer higher performance 
and are suitable for next generation refrigerants. The 
HVACR industry will face many challenges in the next 
four years before the Paris Congress in 2023.

Perhaps the Montreal Congress will be looked back upon 
as a turning point in the history of refrigeration.

The LU-VE Group now markets a CO₂ gas cooler that benefits from 
high air-side and refrigerant-side heat transfer coefficients (HTCs), 
compact designs, less materials usage and less refrigerant charge, 
using 5 mm diameter copper tubes rather than larger diameter 
copper tubes.

IN THE SPOTLIGHT



Update

Attain High Energy Efficiency with Less Materials Using Smaller-Diameter, Inner-Grooved Copper Tubes 

PRESENTATIONS

Vol. 8, Issue 1 • Jan 2018

Join us on LinkedIn
via microgroove.net

Join Us on 
Linkedin 
via microgroove.net

UPCOMING EVENTS

AHR Expo
Jan 22–24, 2018 
McCormick Place, Chicago IL, USA 
https://microgroove.net/2018-ahr-expo

ACREX India
Feb 22–24, 2018
BIEC, Bengluru, India 
https://microgroove.net/acrex-2018

WEBINARS

See the MicroGroove “Webinars” webpage 
http://www.microgroove.net/webinars

Also see MicroGrooveTech YouTube channel 
for archive of past webinars 
https://www.youtube.com/user/
MicroGrooveTech

PUBLICATIONS

Nigel Cotton and Yoram Shabtay, 
“MicroGroove Contributes to the Success 
of Propane in Refrigeration Appliances,” 
International Appliance Manufacturing, 
October 2017.  
http://digital.bnpmedia.com/
publication/?i=441273#{“issue_
id”:441273,”page”:44}

Yoram Shabtay and Nigel Cotton, “Select 
Case Studies of Copper Heat Exchanger 
Coils for Natural Refrigerants,” ATMOsphere 
America 2017, San Diego, California 
http://www.atmo.org/media.presentation.
php?id=1051

MICROGROOVE FACES OFF AGAINST 
ALUMINUM IN OEM PRODUCT 
DEVELOPMENT

COPPER PROVES ITS SUPERIORITY AS A 
HEAT EXCHANGER TUBE MATERIAL

MicroGroove consistently has been proven to be better than MicroChannel in many respects. 
Aluminum has been proposed as a possible substitute for copper in heat exchangers for air-
conditioning applications for many decades. Its first foray, in the 1970s, proved unfortunate 
for the industry1. Round-tube, plate-fin (RTPF) coils made from aluminum tubes and 
aluminum fins rapidly corroded and deteriorated and equipment failures were widespread.   
All-aluminum RTPF coils did not last long in real world environments and OEMs quickly 
reverted back to copper.

BRAZED ALUMINUM RADIATORS
It would be several decades before aluminum advocates would try again. Aluminum 
resurfaced in the form of extruded “multichannel” or “MicroChannel” tubes. (These terms are 
synonymous.) The automotive industry earlier had developed lightweight aluminum radiators 
made from extruded aluminum to reduce the overall weight and increase the fuel efficiency 
of passenger vehicles.

While suitable for high-volume production in manufacturing plants, typical of the automotive 
industry, the process is quite temperamental and is not easily adapted to the smaller volumes 
and custom designs typical of the ACR industry. Also liquid-to-air automotive radiators 
function much differently than evaporators or condensers.
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The entry of extruded-and-brazed aluminum into the mix offered 
new hope to the supporters of aluminum as a tube material. OEMs 
began experimenting with brazed aluminum multichannel coils, 
which were marketed as an alternative to copper. The advantages of 
the smaller channels, i.e., high thermal heat transfer coefficients and 
reduced refrigerant volume, were heavily advertised.

STRANGE COMPARISONS
Strangely, comparisons were consistently made between aluminum 
multichannel and conventional large copper tubes. Yet the march 
toward smaller diameter copper tubes was already underway.

The disadvantages of multichannel were studiously underplayed 
by its supporters. These disadvantages include maldistribution 
of refrigerants, large header volumes, difficulty with defrosting 
and poor drainage. Cleaning of serpentine-style fins squeezed 
between the ribbon-like multichannel tubes is difficult and 
fouling and clogging is problematic. Fouling leads also to  
more corrosion.

THE TRUE STORY 
In recent years, MicroGroove has dominated the global residential 
window air-conditioner marketplace. The optimization of heat 
exchangers made with MicroGroove tubes has been underway for 
more than a decade now, especially in China.

Numerous papers have been published on this subject. For example, 
a simulation performed in 2012 compared the performance of 
MicroGroove with MicroChannel2.

Today, tens of millions of window-type residential air-conditioners 
are made every year with MicroGroove smaller diameter tubes and 
central AC (ducted) air-conditioning systems are also commonly 
made with MicroGroove RTPF coils.

FRIEDRICH CASE STUDY
The competitiveness of MicroGroove copper in window-type air-
conditioners was demonstrated in a simulation performed for 
Friedrich as reported in a recent “In the Spotlight” column. Friedrich 
sought to increase the efficiency of one of its products through a 
drop in replacement of a more efficient heat exchanger coil.

The MicroGroove coils typically had four rows of tubes with 25 tubes 
per row for a total of 100 tubes. Compared to the baseline design, 
one configuration reduced the total internal volume of the tubes 
from 0.041 cubic feet to 0.032 cubic feet (1.16 liters to 0.91 liters, 
a reduction of 22 percent) while pushing the COP up by 4 percent; 
and, at the same time, the total mass of the coil was reduced from 
3.97 pounds to 3.21 pounds (1.80 kg to 1.46 kg, a reduction of 19 
percent). The total mass of the coil (including aluminum plus copper) 
was reduced from 11.01 pounds to 6.98 pounds (5.00 kg to 3.16 kg, 
a reduction of 36 percent).

The upshot is that the smaller diameter tubes reached the target COP 
while decreasing the amount of copper by almost 20 percent while 
reducing the refrigerant by 22 percent. 

These types of performance increases obtained simply by switching 
from conventional copper tubes to MicroGroove copper tubes are 
commonplace today.

MICROGROOVE IN, MICROCHANNEL OUT
ICA recently supported a design study for an OEM, to examine 
the effects of replacing MicroChannel with MicroGroove in OEM 
heat-pump systems, including a 2-ton residential and a 10-ton 
commercial system.

The objective was to maximize capacity and to minimize airside 
pressure drop for drop-in replacements. Geometric constraints 
were placed on coil height, width, and depth; other design criteria 
included fin density, refrigerant pressure drop and refrigerant charge. 
CoilDesigner® was to evaluate the performance of various designs. 

Initially, currently available wavy and louvered fin patterns for 5-mm 
tubes were used. For commercial replacement condensers, the air 
pressure drop increased 15 to 38 percent for wavy fins and 29 to 42 
percent for louvered fins, while maintaining less than a four percent 
decrease in heating capacity compared to the baseline multichannel 
aluminum commercial condenser. The air pressure drop for the 
residential replacement condensers increased 23 percent for the wavy 
fins and 16 percent for louvered fins, while maintaining a negligible 
(less than 0.2 percent) decrease in heating capacity as compared to 
the baseline multichannel aluminum residential condenser.

The material mass of the commercial heat exchangers was reduced 
by approximately 26 percent for the louvered fin designs and as 
much as 35 percent for the wavy fin designs. The baseline residential 
MCHX used much less material than the baseline MCHX commercial 
design because it had about half the depth and half the face area as 
well as lower fin density. On the other hand, in the case of the RTPF 
replacement designs, the residential and commercial designs both 
used two-row coils with fixed horizontal spacing so the materials 
savings for the residential design was not as pronounced as for the 
commercial design.

System level performance was evaluated using VapCyc®, a vapor 
compression cycle design and simulation software. The condensers 
were used to evaluate overall COP changes that would occur from 
replacing the MicroChannel coils with MicroGroove coils. The 
louvered fin design decreased the COP by one percent while wavy fin 
designs decreased the COP by four percent. 

NEW FIN PATTERNS
To improve airside pressure drop, an optimization study for 5 mm 
tube-fin condensers was conducted to explore new fin patterns. 
The design space consisted of variable ranges consistent with 
current manufacturing capabilities. This optimization found 5 
mm tube-fin designs that were competitive with the baseline 
MicroChannel condenser. 

The additional degrees of freedom allowed the optimizer to find 
designs with similar air side pressure drop and capacities to that 
of the baseline. The best design within this optimization study 
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demonstrated a reduction of approximately 28 percent in material 
mass while maintaining the same airside pressure drop and capacity 
as the baseline. 

The 5-mm commercial designs had capacity increases of up to three 
percent and airside pressure drop decreases of up to 19 percent while 
maintaining other performance metrics within the OEM’s specified 
constraints. The 5 mm residential designs had negligible capacity 
increases (0.2 percent) and airside pressure drop decreases of up to 
20 percent while maintaining the OEM’s constraints.

FLAMMABLE REFRIGERANTS
A recent article titled “MicroGroove Contributes to the Success of 
Propane in Refrigeration Applications” describes how MicroGroove 
copper has become the technology of choice in applications in 
which reduced refrigerant volume is needed because of the high 
flammability of the refrigerant. The full story can be read in the 2017 
issue of International Appliance Manufacturing magazine, which is 
readily available online3.

That said, MicroGroove is suitable not only for use with propane 
in light commercial refrigeration applications but for use with 
isobutane in high-end residential applications. Isobutane is another 
flammable refrigerant that is subject to strict usage limitations by 
regulatory authorities. See the “In the Spotlight” column for more on 
the performance of MicroGroove in residential applications.

CONCLUSION
The copper industry continues to march forward with advances in 
MicroGroove technology. Copper lends itself well to smaller diameters 
because of its strength, ductility and corrosion resistance. Copper 
performs better as the tube diameters are reduced. Copper delivers on 

SUB-ZERO WEIGHS THE ADVANTAGES OF 
MICROGROOVE IN CONDENSER COILS 

Since 1945, Sub-Zero has pioneered the science of home 
refrigeration. As the leading manufacturer of high-end built-in 
residential refrigerators, freezers and wine coolers, the company 
has accumulated in-depth knowledge of refrigeration cycles and its 
engineers are especially knowledgeable of isobutane, or R600a. 

Its products are favorites among discerning homeowners whose 
seek best-in-class appliances that bring substance to luxury. 
They are highly admired in international markets as well as the 
United States for delivering world-class food preservation.  

Sub-zero is the pioneer of the dual-refrigeration concept, separate 
and independent sealed systems for refrigerator and freezer. As a 
result, the same condenser would have two refrigerant circuits, 
one for each of two independent vapor compression cycles. One 

circuit is for the refrigerator compartment; and the other is for 
the freezer compartment. This way, there is no air being shared 
between the refrigerator and freezer thus leading to ultimate 
food preservation. 

Regulatory agencies have placed a limit on the allowable 
refrigerant charge for isobutane because of its flammability. That 
limit is 150 grams in Europe and it has been 57 grams in the USA 
for residential applications. If the use conditions are 150 grams 
then there is no need to further reduce refrigerant charge.

Already most products in this category use copper tubes with 
outer diameters of five-sixteenths inch (7.9 mm) or one quarter 
inch (6.35 mm) copper tubes.  

the promise of increased heat transfer efficiency of the coils and reduced 
refrigerant volume. Moreover, the equipment for tube handling and tube 
expansion is readily available.

Although multichannel aluminum supporters predicted rapid market 
penetration, MicroGroove proved itself highly competitive in key 
applications. Ironically, one of the most successful applications has been 
in the low-cost, high-volume residential air conditioners.

More recently some attempts have also been made to revive round 
aluminum tubes, but these are difficult to process at smaller diameters; 
and they are again subject to corrosion despite the use of specialized 
coatings that add cost to the tubes and coils.

OEMs expect to see comparisons of aluminum-tube MicroChannel 
heat exchangers technology with copper MicroGroove technology. The 
choice is no longer between MicroChannel and conventional copper. 
In application after application, MicroGroove copper is asserting  
its value. 
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Sub-Zero considered adopting even smaller diameter MicroGroove 
tubes. The company initially was motivated to meet the 57-gram 
“use conditions” on isobutane, a flammable refrigerant. The 
57- gram limit would be challenging to meet and challenging 
design measures would be necessary as F-Gases are phased out 
by the year 2021. That led Sub-Zero to explore the advantages of 
MicroGroove tubes with copper tube outer diameters of 5 mm.

Optimized Thermal Systems, Inc. (OTS) offers customized 
software and services for the design and optimization of thermal 
systems. Engineers from Sub-Zero approached OTS for assistance 
in using CoilDesigner®, a proprietary heat exchanger design and 
simulation software tool. The primary objective was to design a 
condenser coil that would equal the performance of the existing 
(baseline) coil while lowering the refrigerant charge. Secondary 
objectives were to reduce the total footprint of the coil and the 
total tube-and-fin material mass.

The baseline condenser coil uses copper tubing, flat plate fins 
and a low fin density. The condenser has two refrigerant circuits, 
with each circuit serving an independent vapor compression cycle 
for the refrigerator and freezer compartments. A CoilDesigner® 
model of the condenser was developed and validated against 
experimental data. 

Prior to evaluating potential small diameter replacements, 
a study was conducted to evaluate the effect of refrigerant 
circuitry on the existing coil performance. Three operation modes 
were evaluated: only the refrigerator circuit running, only the 
freezer circuit running, and both circuits running. 

It was found that for a particular tube circuitry heat load and 
refrigerant sub-cooling increased for both refrigerator and 
freezer circuits. 

From this initial review, this circuitry design was selected and 
used as the baseline reference for the optimization study.

The optimization study was conducted to identify condenser 
designs that could reduce the internal volume and lower the 
refrigerant charge. Five millimeter tube designs were evaluated 
and compared to the baseline design and significant reductions 
were found in internal tube volume. The best 5-mm design 
reduced the internal tube volume by as much as 41 percent as 
compared to the baseline, along with a 57 percent reduction in 
coil footprint. The results for the best 5-mm designs are plotted 
in the accompanying graph. 

The new designs used wavy-herringbone fins with a reduced fin 
thickness as compared to the baseline. Other variables included 
the horizontal and vertical spacing of the tubes; number of tubes 
per bank; fin density; wavy fin pattern depth; and tube length. 
The design criteria are as follows. 

•	 Heat rejection greater than or equal to the heat rejection of 
the baseline design; 

•	 Sub-cooling equal to or greater than sub-cooling of the 
baseline coil; and 

•	 Saturation temperature drop kept within one degree of the 
baseline. 

Multiple factors contributed to an increase in airside pressure 
drop with the smaller diameter tube coils, including fin type, 
face area of the coils, and fin density. The baseline system used 
flat fins, yet all of the optimized designs used wavy fins, which 
inherently contribute to higher pressure drops. The face area was 
reduced for all coils to maintain the tube spacing ratio; yet, for a 
fixed airflow volume, reduced face area increases the air velocity. 

Nonetheless, for this application, reduced internal volume was 
considered to be more important than the airside pressure drop. 

In summary, OTS identified several new condenser designs with 
significant potential to reduce internal volume while maintaining 
performance, and thereby reducing total system charge. The 
reduced footprint of the coils allows for a smaller enclosure. 

This study is a starting point for the development of high 
performance condenser coils for this application. With a 
high-performance condenser, condenser fan speed can be 
reduced, resulting in a quieter refrigerator unit. Also, this high 
performance condenser could be designed to be robust to fouling 
yet retaining some of its heat transfer benefits leading to a  
hassle-free operation. 

Tube 
Diameter, 

mm

Internal 
Volume 

Reduction, %
Footprint 

Reduction, %
Tube Material 
Reduction, %

Fin Material 
Reduction, %

5 41 57 61 68
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Every two years, industry and academia 
convene at Purdue University for the 
Herrick Conferences, which are comprised 
of three concurrent international 
conferences: Compressor Engineering, 
first held in 1972; Refrigeration and 
Air-conditioning, since 1984; and High 
Performance Building, since 2008. High-
quality technical research papers are 
presented over the four days of the event 
as well as four plenary lectures.

HVAC&R PLENARY
On the last day of the conferences, 
Reinhard Radermacher, who is the 
Minta Martin Professor and Director 
of Center for Environmental Energy 
Engineering (CEEE) consortium at the 
University of Maryland, delivered a 
plenary presentation titled "Thoughts 
on Emerging HVAC&R Technologies."  
(Download slideshow.)

The overarching theme was "It will NOT 
be business as usual."

Slide number 25 compared the state 
of research on heat exchanger tubes 
of various diameters. According to 
Radermacher, the correlations and tools 
for tube hydraulic diameters of 5-mm 
and greater are well investigated.

Radermacher further explained how  
the use of Multiple-Objective Genetic 
Algorithms (MOGA) in heat exchanger 
design frees the designers to do creative 
research rather than focusing on the  
tedious task of searching the design space  
for optimal designs.

MICROGROOVE 
RESEARCH HIGHLIGHTS
The Seventeenth International Refrigeration 
and Air-Conditioning Conference included 41 
sessions (R-01 through R-41) with hundreds 
of papers. PDF versions of all of these papers 
are now openly accessible and downloadable  
by searching for the paper number in the 
Conference Tool.

In the academic literature, MicroGroove 
tubes are commonly referred to as "microfin 
tubes" since "MicroGroove" is a trademark 
of the Copper Alliance. Research relating 
to MicroGroove includes laboratory 
experiments, theory and modeling, and 
design case studies. The most pertinent 
papers relating to MicroGroove are 
highlighted here. 

MICROGROOVE RESEARCH AT PURDUE  
HERRICK CONFERENCES

Tube-Side Heat Transfer 
and Pressure Drops
There is no substitute for experimentally 
measuring heat-transfer coefficients 
and pressure drops for various tube 
sizes, refrigerant mixes and microfin 
geometries. Data from these experiments 
can then be used in simulation software 
to predict the performance of heat 
exchangers with high accuracy. As noted 
by Professor Radermacher in his plenary 
lecture, conventional models often do 
not apply to smaller diameter tubes and 
hence the need for careful experiments 
is essential.

Four papers on smaller-diameter copper 
tubes were presented in Session R-39: 
Heat Transfer in Microfin Tubes and 
Microchannels.

Professor Reinhard Radermacher’s plenary address included this "Heat 
Exchanger Roadmap" slide, indicating the state of research on tubes of 

various diameters. (Image used with permission.) 

https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=74
https://engineering.purdue.edu/Herrick/conferences/about/Purdue%20Roadmap%20v16%20Format%2016-9%20-%20Radermacher.pdf
https://www.conftool.com/Purdue2018/sessions.php
https://www.conftool.com/Purdue2018/sessions.php.
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=129
https://engineering.purdue.edu/Herrick/conferences/about/Purdue%20Roadmap%20v16%20Format%2016-9%20-%20Radermacher.pdf
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The experiments from Tokyo University 
of Marine Science and Technology 
(TUMSAT) were especially intriguing 
because they showed the combined 
effects of flow rates and microfin 
geometry on heat transfer coefficients 
and pressure drops (Papers 2542 & 
2511). As the refrigerant evaporates 
along the length of a tube, distinct 
flow types can be identified. Paper 2511 
helps to understand how the optimal 
tube enhancements may be different 
for different flow rates and flow types. 
Paper 2469 from Padova University 
reported on R1233zd(E) and R245fa 
flow boiling heat transfer and pressure 
drop inside a microfin tube. An excellent 
paper from Nagasaki University and the 
Research Center for Next Generation 
Refrigerant Properties (NEXT-RP) at 
Kyushu University measured heat 
transfer and pressure drop of R1123/R32 
flow in horizontal microfin tubes during 
condensation and evaporation (Paper 2164).

Two additional papers from Padova 
University (ID 2204 and ID 2205) 
examined the behavior of low-
GWP refrigerants inside smaller 
diameter copper tubes for flow boiling  
and condensation, respectively. The 
refrigerants tested are reflective of the 
large number of papers dealing with new 
low-GWP refrigerants in general and HFO 
blends in particular. Indeed at least five 
papers were presented by authors from 
Chemours or Honeywell and at least eight 
papers were published with "R1234" in 
the title. Many presentations opened with 
an overview of the timetables for phasing 
out high-GWP refrigerants as mandated 
by the Kigali agreement and European  
F-Gas legislation.

Airside Computer Simulations
There are four measurements of vital 
importance in heat exchanger design. 
There is the refrigerant-side pressure 
drop and heat transfer inside the 

tube, which are functions of type of 
refrigerant, flow rates and internal tube 
enhancements. Then there are also the 
airside pressure drop and heat transfer 
on the outside, which are functions of 
air flow rates, fin and tube geometries 
and fin enhancements. Typically, this 
air-side performance is the most 
critical limiting factor in overall heat 
exchanger performance.

The optimization of such parameters 
as fin design, fin spacing, tube spacing, 
tube circuitry, and so forth can provide 
significant improvements in efficiency.

A research program conducted by 
Optimized Thermal Systems with support 
from the Copper Alliance developed 
new air-side correlations for fins with 
smaller-diameter tubes based on 
thousands of CFD simulations, and then 
validated these new correlations against 
experimental data.

CoilDesigner software from CEEE at the 
University of Maryland with customized 
versions marketed through OTS now 
includes such correlations, allowing 
designers to predict the performance of 
MicroGroove coils with good accuracy. 
The research underpinning these 
correlations is discussed in the Paper 
2582 titled "Experimental Validation 
of CFD-Based Correlations for 5 mm 
Louver- and Slit-Fin Heat Exchangers: 
Lessons Learned," an OTS paper 
delivered in Session R-15: Air-Side Heat  
Transfer Characterization.

In the words of the authors:

"Several sample heat exchangers 
were acquired from manufacturers 
in China, India, and the US. These 
sample coils employed slit and louver 
fins with a range of fin densities and 

Here is a schematic of the heat exchanger test facility that was used to experimentally 
validate the MicroGroove correlations that are used in CoilDesigner software. Dennis 
Natusa from OTS presented a paper on this topic at the 2018 Purdue Conferences.

https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2542
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2511
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2511
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2469
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2164
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2204
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2205
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2582
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=16
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2582
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tube patterns. The major dimensions 
of these HXs are outlined in Table 3. 
All tested HXs had tubes with 5 mm 
nominal diameters."

The experimental findings were well-
predicted by the new correlations and 
minor deviations between CFD predictions 
and experimental observations were 
attributed to manufacturing differences 
and the thermal contact resistances 
between fin and tube. Nonetheless, 
the authors concluded the paper  
as follows:

"This method of combining numerical 
exploration of the design space with 
limited experimental testing and 
validation can be used to rapidly develop 
new, comprehensive correlations in a 
cost-effective manner."

Readers and researchers interested in 
learning more about Multiple Objective 
Genetic Algorithms (MOGAs) in coil 
design will be interested two papers 
delivered in the Session R-08: Heat 
Exchanger Optimization.

ID 2598: "Tube-Fin Heat Exchanger 
Circuitry Optimization Using Integer 
Permutation Based Genetic Algorithm" 
(CEEE).

ID 2532: "Optimization of MicroGroove 
Copper Tube Coil Designs for Flammable 
Refrigerants" (Copper Alliance, OTS, Sub-
Zero and HTT).

The latter paper showed how OTS 
applied MOGA to the optimization 
of new designs of MicroGroove heat 
exchangers for residential refrigeration 
products made by Sub-Zero. It was 

Papers on the additive manufacturing of 
heat exchangers garnered excitement 
and interest (e.g., 2478, 2306, and 2309). 
Some remarkable case studies included 
a refrigerated truck with adiabatic 
walls and solar panels on the truck roof 
(2151); and a cold storage system for  
spacecraft (2407)!

A topic of perennial interest is the 
defrosting of evaporator coils for 
residential heat pumps. Several 
papers were presented on this topic in 
Session R-12: Heat Exchanger Frost 
Impacts and Control. For example, 
Paper 2258 titled "Alternative 
Defrost Strategies for Residential 
Heat Pumps" was presented by Cara 
Martin of Optimized Thermal Systems 
and supported by the Electric Power 
Research Institute and the International  
Copper Association.

The antimicrobial benefits all-copper 
coils were compared with coils made 
from copper tubes with aluminum fins 
with and without ultraviolet irradiation 
in a paper titled "Comparison Study 
of Bio-Growth in Commercial AHU's 
Using Copper Heat Exchangers and 
Components" (Paper 2476). This research 
project was conducted John Hipchen 
of Exel Consulting in cooperation with 
Remington & Vernick Engineers and 
supported by the Copper Development 
Association.

One thing is certain about the state of 
research in HVAC&R as seen through the 
vast array of original papers presented at 
the Herrick Conferences:  It will NOT be 
business as usual.

presented by Yoram Shabtay, President 
of Heat Transfer Technologies, who 
assisted in this application. The slideshow 
presentation, which is available for 
download from the "Technical Literature" 
webpage of microgroove.net, includes 
Sub-Zero's experimental verification of the 
MOGA results.

The domestic appliances product division 
of Liebherr manufactures refrigerators 
and freezers in four countries for private 
and commercial use. Mario Straub 
from Liebherr-Hausgeräte GmbH in 
Ochsenhausen, Germany, concluded in 
his paper on household refrigerators 
that R600a and R290 are still the best 
refrigerants for household refrigerators. 
(Paper 2129).

A paper from Embraco used simulations to 
demonstrate annual energy consumption 
savings up to 30 percent when a self-
contained R-290 variable speed hermetic 
refrigeration unit is applied to a cabinet 
originally designed for an R-404A single 
speed compressor refrigeration unit. 
(Paper 2456).

EMERGING RESEARCH 
FRONTS
The above papers are very relevant to 
the application of MicroGroove tubes 
and coils in new products. Additional 
research covered a wide range of ancillary 
topics, including phase change materials 
(e.g., 2293), domestic refrigeration (e.g., 
Sessions R-05 and R-19), CO2 refrigeration 
cycles (e.g., Session R-23) and heat pumps 
(e.g., Sessions R-06, and R-41).

http://www.microgroove.net/microgroove-update-newsletter
http://www.microgroove.net/subscribe
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=12
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2598
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2532
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2278
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2306
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2309
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2151
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2407
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=13
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2258
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2476
https://www.microgroove.net/technical-literature
https://www.microgroove.net/technical-literature
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2129
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2456
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&search=2293
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=6
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=22
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=19
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=4
https://www.conftool.com/Purdue2018/index.php?page=browseSessions&form_session=131


This outdoor heat 
exchanger for a heat 
pump benefits from 
the use of MicroGroove 
copper tubes. (Courtesy 
of Lordan.)
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MICROGROOVE EXCELS IN 
HEAT PUMP APPLICATIONS

UPCOMING  EVENTS

2017 ATMOsphere America 
Conference
Jun 5-7, 2017
Loews Coronado Bay Resort, San Diego, 
California, USA

IEA Heat Pump Conference
May 15-18, 2017
The World Trade Centre, Rotterdam, The 
Netherlands (More info on “Events” page) 

https://www.microgroove.net/events

WEBINARS

“Advantages of Small Diameter Copper 
Tube-Fin Heat Exchangers”
Webinar #1 in the OTS-ICA Educational 
Outreach Program (EOP)
View Recorded Webinar
https://www.microgroove.net/webinars

“Construction of Small Diameter Copper 
Tube-Fin Heat Exchangers”
Webinar #2 in the OTS-ICA EOP
View Recorded Webinar
https://www.microgroove.net/webinars

“Effective Design of Small Diameter Copper 
Tube-Fin Heat Exchangers”
Webinar #3 in the OTS-ICA EOP
Wednesday, May 24, 2017
Registration
https://www.eventbrite.com/e/effective-
design-of-small-diameter-copper-tube-fin-
heat-exchangers-tickets-32742622064

For more information, see the MicroGroove 
“Webinars” webpage 
http://www.microgroove.net/webinars

Also see MicroGrooveTech YouTube channel 
for archive of past webinars 
https://www.youtube.com/user/
MicroGrooveTech

Heat pumps offer superior energy efficiency compared to other methods of heating 
such as boilers, furnaces or electrical-resistance heaters.

The “heat out” of a heat pump is typically several multiples of the “work in.” That’s 
because the “heat out” includes the energy “picked up” at the evaporator as well as the 
“work in” by the compressor.  Consequently the coefficients of performance (COPs) for 
heat pumps are several multiples of one and can be quite high indeed depending on the 
design of the heat pump and the heat exchangers in the system.

HEAT EXCHANGERS FOR HEAT PUMPS
Both condensers and evaporators often use round tube plate fin (RTPF) heat exchanger 
technology. The higher heat-transfer coefficients of smaller-diameter tubes compared 
to larger-diameter tubes allows for one or more of the following advantages: smaller 
overall size, higher system performance, less copper tube and less refrigerant volume.

For space heating and space cooling, the condenser and evaporator both benefit 
from the known MicroGroove advantages, including the ability to easily shed the 
condensate from the evaporator. In a combined AC/HP system, this advantage exists 
in both heat exchangers since their functions change as the operating mode changes 
from air conditioner to heat pump.  For the air-conditioner mode, the evaporator is 
indoors. For the heat pump mode, the evaporator is outdoors. 
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A hot water heat pump (HWHP) typically includes a heat 
exchanger for the evaporator, which collects heat from ambient 
air sources; and a heat exchanger either wrapped around the 
outside of the water tank or submersed inside the water tank.  
For HWHPs, smaller diameter tubes make sense only if multiple 
tubes are used in parallel, to alleviate the higher pressure drop 
of smaller diameter tubes in long lengths.

CANDIDATE APPLICATIONS
Possible candidates for adopting MicroGroove technology in heat 
pump applications include the following:

•	Residential HP for space heating and cooling
•	Residential HPWHs
•	Commercial HPWHs
•	HP with eco-friendly refrigerants
•	HP with natural or chemical-free refrigerants
•	HP with phase-change materials

ADVANTAGES OF MICROGROOVE
MicroGroove increase the COP of heat pumps, in several ways. 
In the case of an air-to-air HP, the advantages are the same 
as for AC unit. In the case of HPWH, the unit will benefit from 
a MicroGroove evaporator. In both cases, MicroGroove heat 
exchangers offer high heat-transfer coefficients, more compact 
coils, and lower power requirements for fans.

MicroGroove is especially competitive with MicroChannel in 
heat pump applications. That’s because a heat pump with a 
MicroGroove condenser and evaporator will have no problem 
shedding condensate in either AC or HP mode of operation, unlike 
a MicroChannel heat exchanger. The “plate fins” of RTPF coils 
typically are oriented vertically so water drains easily from the top 

MICROGROOVE ADVANTAGES FOR HEAT EXCHANGERS 
IN HEAT PUMP APPLICATIONS

Outdoor evaporator High efficiency and the ability to easily shed condensate

Outdoor condenser Same advantages as in an AC

Indoor evaporator Same advantages as in an AC plus the ability to easily shed condensate

Indoor condenser, ATA Same advantages as in an AC

Indoor condenser, HPWH Advantage for designs with tube wrapped around water tank currently under investigation

to the bottom of the sheets. The tubes penetrate the sheets at right 
angles and water easily flows around them. The same holds true for 
RTPF coils made from smaller diameter copper tubes. There may be 
more tubes penetrating the plate fins but water flows easily around 
the smaller diameter tubes.

The open structure of a round tube plate fin (RTPF) is a major 
advantage of MicroGroove heat exchangers compared to aluminum 
microchannel heat exchangers. That’s why MicroGroove heat 
exchangers are commonly used in the outdoor evaporators of heat 
pumps especially in colder climates where frosting may be an issue.

HEAT PUMP RESOURCES
Previously, Professor Guoliang Ding presented a technical 
paper at the Eleventh International Energy Agency Heat 
Pump Conference (IEA HPC) in Montreal, Canada, which was 
titled “Experimental investigation and structure optimization 
of distributors used in heat pump air conditioner with 
microgroove tubes.”

This Spring, Yoram Shabtay will present a paper titled 
“Advanced round-tube, plate-fin (RTPF) heat-exchanger coils 
contribute to the high efficiency of heat pumps” at the Twelfth 
IEA HPC in Rotterdam, The Netherlands, May 15-18 2017. 

The website www.microgroove.net includes additional Q&A’s 
relating to MicroGroove technology. It also includes links to the 
MicroGroove series of webinars. A technical literature section 
provides links to technical papers relating to laboratory experiments, 
tube circuitry optimization, fin design and manufacturing 
equipment. A special landing page has been established with the 
focus on the heat pump applications of MicroGroove technology.  
http://www.microgroove.net/heat-pumps
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FRIEDRICH AND OTS OPTIMIZE  
AC COIL WITH COILDESIGNER®

It has been demonstrated time and again 
that the use of MicroGroove smaller 
diameter copper tubes in air conditioning 
systems results in higher coefficient 
of performance (COP), less materials 
consumption, and reduced refrigerant 
volume. Currently the supply chain for the 
design and manufacture of high efficiency 
MicroGroove coils is well established. 
OEMs today have many options available 
as they strive to make the transition from 
large diameter copper tubes to smaller 
diameter copper tubes.

Friedrich recently engaged with 
Optimized Thermal Systems, Inc. (OTS) 
to explore the design space for a drop-in 
replacement coil for an existing 1.5-ton 
air-conditioning unit. 

As described in an earlier “In the 
Spotlight” column 1, CoilDesigner includes 
the ability to design with MicroGroove 
tubes. In other words, the correlations 
for both the airside and tube side 
performance have been programmed into 
the simulation software, allowing for 
accurate simulations to be performed for 
a wide range of tube sizes and types as 
well as for a wide range of fin designs.

Using the new correlations available for 
CoilDesigner, Friedrich and OTS began 
tackling the problem of how to improve 
the COP of existing products. A drop-in 
replacement was desirable so that the 
system COP could be rapidly improved 

without redesigning the whole system. 
Friedrich wanted to determine which 
designs made the most sense in terms of 
lowering materials costs and increasing 
COP for a drop-in replacement coil.

The existing design for the window-type 
air conditioner consisted of three rows of 
conventional copper tubes with 17 tubes 
per row. These conventional tubes had 
outer diameters (ODs) of 5/16 inch (7.93 
mm). Friedrich needed to increase the EER 
of the baseline unit in order to meet the 
regulatory requirement for this type of air 
conditioning system. 

Simulations and experiments showed that 
a quick solution would be to add another 
row of conventional tubes, which would 
increase the EER by 3.5 percent. But the 
mass of copper would be increased from 
3.97 pounds to 5.29 pounds (1.80 kg to 
2.40 kg). That’s a 33 percent increase in 
the amount of copper in the system! The 
total mass of the coil, including copper 
plus aluminum, was increased from 11.01 
pounds to 12.14 pounds (4.50 kg to 5.55 
kg, an increase of 10 percent).

As a result, OTS proposed a number 
of configurations made with 5-mm 
OD MicroGroove tubes, which were 
simulated in CoilDesigner. Friedrich had 
access to suppliers who could make the 
coils with either slit fins or louver fins. 
Working with OTS and supported in part 
by the International Copper Association 
(ICA), many coils were simulated and 
several of the best candidates were built 
to confirm the performance through 
laboratory testing.

The MicroGroove coils typically had four 
rows of tubes with 25 tubes per row 
for a total of 100 tubes. Compared to 
the baseline design, one configuration 
reduced the total internal volume of the 
tubes from 0.041 cubic feet to 0.032 
cubic feet (1.16 liters to 0.91 liters) while 
pushing the COP up by 4 percent; and, 

at the same time, the total mass of the 
coil was reduced from 3.97 pounds to  
3.21 pounds (reduction of 19 percent). 
The total mass of the coil (including 
aluminum plus copper) was reduced from 
11.01 pounds to 6.98 pounds (4.50 kg to 
3.16 kg, a reduction of 36 percent). 

The upshot is that the smaller diameter 
tubes reached the target COP while 
decreasing the amount of copper by 
nearly one-fifth; rather than increasing 
the amount of copper by one-third.

The simulation software also compared 
louver-fin designs with slit-fin designs 
and variations of fin pitches. The final 
choice of fin design will be dictated 
by manufacturing considerations and 
discussions with suppliers. Also, the 
simulations favored circuitry with five 
circuits rather than four.

The final choice will be made by Friedrich. 
Using the CoilDesigner software, this 
choice can be made with confidence that 
the final product will meet the desired 
performance criteria.

“We are seeing more and more 
manufacturers making the transition to 
MicroGroove. What is optimal in terms of 
fin design and circuitry differs from OEM 
to OEM, depending on the positioning of 
their products in the marketplace,” says 
Nigel Cotton, MicroGroove Team Leader 
for the International Copper Association. 
“What seems to be universally accepted is 
that MicroGroove tubes offer compelling 
advantages both in term of COP and 
materials usage.”

REFERENCES
1. �MicroGroove Update, Vol 5, Issue 1, “CEEE’S 

CoilDesigner Now Includes Microgroove”

IN THE SPOTLIGHT

Friedrich and OTS used simulation software to 
design a drop-in replacement coil for this air 
conditioning unit.
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UPCOMING EVENTS

2017 ATMOsphere America 
Conference
Jun 5-7, 2017
Loews Coronado Bay Resort 
San Diego, California  
More info on “Events” page 

https://www.microgroove.net/events

WEBINARS

“Advantages of Small Diameter Copper 
Tube-Fin Heat Exchangers”
Webinar #1 in the OTS-ICA Educational 
Outreach Program (EOP)
View Recorded Webinar
https://www.microgroove.net/webinars

“Construction of Small Diameter Copper 
Tube-Fin Heat Exchangers”
Webinar #2 in the OTS-ICA EOP
View Recorded Webinar
https://www.microgroove.net/webinars

“Effective Design of Small Diameter Copper 
Tube-Fin Heat Exchangers”
Webinar #3 in the OTS-ICA EOP 
View Recorded Webinar
https://www.microgroove.net/webinars

For more information, see the MicroGroove 
“Webinars” webpage 
http://www.microgroove.net/webinars

Also see MicroGrooveTech YouTube channel 
for archive of past webinars 
https://www.youtube.com/user/
MicroGrooveTech

MICROGROOVE GAINS MOMENTUM 
IN REFRIGERATION APPLICATIONS 
FOR SUPERMARKETS AND 
CONVENIENCE STORES

MicroGroove has a proven track record for air-conditioning applications, especially for 
residential AC units. Smaller-diameter, inner-grooved copper tubes have been successful in 
outdoor condenser units and indoor evaporators as well as window-type air conditioners. 
These are manufactured in high volume and millions sold globally.

More recently, MicroGroove has also been adopted in refrigeration applications. In general, 
there are two broad types of refrigeration applications where smaller-diameter copper tubes 
are uniquely well suited to the application. Interestingly, these applications involve the use 
of eco-friendly, low Global Warming Potential (GWP), natural refrigerants, especially propane 
(R290 with a GWP of three); and carbon-dioxide (R744 with a GWP of one).

Research and legislation relating to these applications has been underway for many 
years now and these technologies are on the brink of changing the industry. Indeed, the 
prediction that MicroGroove technology would be a game-changer in refrigeration is 
proving out to be true.

Typically, R744 is being used as a refrigerant in larger supermarket applications, while propane 
is being used as a refrigerant in a wide array of smaller-scale product applications. However, 
there are also cases where R744 is used in smaller convenience store coolers, particularly in 
Japan; and propane is being considered for use in larger systems.

SUPER-SIZED, SUPER-STRONG COILS
Large supermarkets are adopting R744 at an rapid pace. The heat exchangers involved 
are typically large gas coolers, which may be 10 feet wide and 15 feet in length. Already 
thousands of CO2 refrigeration systems have been installed in Europe and North America 
too is accelerating the adoption of CO2 refrigeration systems in supermarket applications. 

This grocery store reach in cooler uses 
MicroGroove Technology with R290. 
(Courtesy of MTL Cool.)

https://www.microgroove.net/events
https://www.microgroove.net/webinars
https://www.microgroove.net/webinars
https://www.microgroove.net/webinars
http://www.microgroove.net/webinars
https://www.youtube.com/user/MicroGrooveTech
https://www.youtube.com/user/MicroGrooveTech
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The reasons are simple. Older types of refrigerants have extremely 
high GWP and supermarket refrigeration systems tend to be plagued 
with leaks. As restrictions are placed on high GWP refrigerants, 
maintaining a high-GWP refrigeration system becomes impractical. 

These systems today typically use 5/16 in. (7.9 mm) copper tubes 
which is at the upper range of what is considered “smaller diameter” 
MicroGroove copper tubes. In some cases already, 1/4 in. (6.25 mm) 
tubes are used; and gas coolers have also been built with 5 mm 
copper tubes.

A huge advantage of the smaller diameter tubes is that, for a given 
tube wall thickness, the hoop strength increases as the diameter 
decreases. Thus it is possible to make a gas cooler rated for 2000 
psi operating pressure (or 6000 psi burst strength). Operating 
pressures for CO2 are typically three times higher than the 
operating pressures for HFC refrigerants such as R134, R507, R407, 
R410 and other refrigerants that will eventually be banned because 
of their high GWPs.

A supercritical fluid has both gas-like and liquid-like properties. 
In the transcritical refrigeration cycle, the R744 refrigerant is not 
condensed into a liquid but rather it behaves like a supercritical fluid. 
Large transcritical refrigeration systems are under development for 
a growing number of applications, including supermarkets as well as 
other industrial and commercial applications.

Gas coolers now require an ambient temperate below 87 ⁰F (or 31 ⁰C).  
In warmer climates, unfortunately, outdoor temperatures can climb 
above 87 ⁰F (or 31 ⁰C); in such cases, the gas cooler can be connected 
to a booster system. The evaporator of the booster system can be 
connected to gas cooler keeping the temperature of the gas cooler at 
50 ⁰F (or 10 ⁰C) or below. 

Gas coolers for supermarkets tend to be very large units. Dimensions 
of 90 inches (7.5 ft., or 2.29 m) by 174 inches (14.5 ft., or 4.42 m) are 
not unusual for gas coolers with 5/16 inch tubes. Evaporators, which 
operate at lower pressures, can afford to use larger diameter tubes 
such as 3/8 inch tubes. 

However, there is an industry trend toward smaller diameter tubes , 
especially quarter inch and 5 mm. Any increase in pressure drop can 
be easily compensated for by using more circuits.

In the gas cooler there is no liquid state so the gas moves 
through the tubes with relatively low resistance and relatively 

low pressure drop. 

“Currently, there are several hundred transcritical supermarket 
systems in use in the US but that number is expected to dramatically 
increase in the next few years,” says Nigel Cotton, MicroGroove Team 
Leader for the International Copper Association. “This application is 
especially well suited for copper tubes. As the technology develops, 
we expect to see smaller diameter tubes being used in all of the 
components, including the gas coolers, boosters and evaporators.”

CO2 is also a candidate refrigerant for smaller scale applications, 
particularly in Japan, as described in the March issue of ACCELERATE 
“Will CO2 Continue to Surge in Japan?

MICROGROOVE DOMINATES 
HYDROCARBONS
At the other end of the size scale are the refrigeration systems 
made with 150 grams of propane (R290). This application has 
already been quite successful and has widely proliferated in the 
past few years. Practically every major manufacture of “reach in” 
cool display cases is offering models with propane as a refrigerant. 

The reasons are not hard to see. With a GWP of three, propane is 
extremely attractive as an ecofriendly refrigerant. It is affordable 
and readily available.

Smaller diameter copper tubing (typically 5 mm) is exactly what’s 
needed to reduce the refrigerant charge. As a bonus, the efficiency 
of the system increases. The compressors for this application are 
widely available. Propane was widely adopted by manufacturers 
in 2016. Many OEMs have completely revamped their product 
lines to make way for the increased demand for propane-based 
refrigeration systems. One of the first was True Manufacturing 
of O’Fallon, Missouri. Other companies adopting propane include 
Beverage Air, Fogel, Liebherr. Minus Forty Technologies Corp., 
Traulsen, Turbo Air and Welbilt (formerly Manitowoc). 

See the story “OEMs Flock to Hydrocarbons” in March 2017 issue of 
ACCELERATE for more about OEMs who have adopted propane into 
their product mix. Also, see this month’s “In the Spotlight” focus on 
MTL Cool. Major brands and store chains too are aligning with this 
eco-friendly refrigerant. 

MOTIVES FOR SWITCHING TO PROPANE
The phasedown of HFCs by such regulations as the F-Gas regulations 
of the European Union, the SNAP process of the EPA and the Kigali 
Amendment to the Montreal Protocol contributed the interest in 
low-GWP hydrocarbons such as propane. 

Yet it is the attractive physical properties of propane that have led to 
its quick adoption, once the regulatory hurdles in favor of propane 
and against HFCs were in place. Its excellent thermodynamic 
properties and the fact that it is readily available and affordable 
are important factors. Refrigeration systems that use propane as a 
refrigerant have high-efficiency and high-performance. They have 
also proven to be extremely reliable.
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IN THE SPOTLIGHT

MTL COOL RAMPS UP PRODUCTION OF “NATURAL-
REFRIGERANT” REFRIGERATION SYSTEMS USING 

MICROGROOVE TECHNOLOGY
A few years ago, the engineers at MTL Cool 
recognized a golden opportunity to meet 
a demand for high efficiency, low-GWP 
cooling systems using MicroGroove smaller 
diameter copper tubes. They recognized two 
important trends in the refrigeration sector:

1.	 Progression to smaller diameter 
tubes for higher efficiency

2.	 The use of low-GWP natural 
refrigerants.

Once the EPA SNAP rules that allowed for 
150 grams of propane went into effect, the 
playing field was wide open. The engineers 
got to work designing the refrigeration 
systems for supermarket and convenience 
store applications. MTL Cool developed 
a complete line of refrigerated cabinets 
from scratch, including “reach-in” coolers, 
with or without glass doors. These cooling 
cabinets are sometimes sold to the store 
owners; and sometimes branded and sold 
to the companies that make packaged 
goods products. 

Smaller diameter copper tubes were already 
being used in the manufacture of residential 
air conditioning systems. Could the same 
technology be adapted for use in refrigeration 
systems using natural refrigerants? MTL Cool 
had a lot of know-how in the design of 
process cooling systems, including various 

types of industrial cooling systems. When 
its engineers saw the growing market 
demand for a new generation of commercial 
refrigeration systems, they began developing 
a completely new line of products. 

The small self-contained coolers from 
MTL Cool are easy to install and use 
as bottle coolers or for displaying deli 
meats, sandwiches and other refrigerated 
food products. They typically maintain 
temperatures between 36 ⁰F and 41 ⁰F  
(that is,  –1 ⁰C to 5 ⁰C). 

MANUFACTURING 
EXPERTISE
According to Mark Bedard, CEO of 
MTL Cool, the manufacturing of the 
MicroGroove system is not much different 
than any other system. There are certain 
nuances with regard to the cabinet 
design for enclosing a propane-based 
refrigeration system. For example, metal-
bladed fans or electrical components that 
could generate sparks cannot be used in 
the system. Since metal-blade fans are 
rarely used nowadays anyways, that was 
an easy requirement to meet.

MTL Cool approached Super Radiator Coils 
for the coil design and SRC was able to 
provide prototype heat exchangers for both 
the evaporator and the condenser.

When the system is charged with 
refrigerant, it has to be sealed using a 
(flameless) ultrasonic welding system. 
Also, the heat exchangers must be 
thoroughly leak tested. Various other 
standards must be followed in the cabinet 
design as outlined in industry standards. 

While cost of materials was not a 
driver in the selection of coil materials, 
it was happily noted by Bedard that 
smaller diameter tubes result in a less 
consumption of materials. Also, reliability 
was improved because smaller-diameter 
tubes are stronger tubes.

Although propane is classified as an A3 flammable refrigerant, it is 
safe to use when proper protocols are followed. Propane is not a 
drop-in replacement. The refrigeration systems must be specifically 
designed for R290 and comply with the charge limit of 150 grams. 
The low-charge limit restricts the use of propane to refrigeration 
systems with fractional horsepower compressors. This is okay for 
convenience store applications but for large applications multiple 
independent refrigeration circuits must be used.

Currently, a working group within the International Electrotechnical 
Commission (IEC) is developing a standard that would allow for 500 
grams of propane to be used in refrigeration systems. If accepted, the 

new standard could be published in 2018 and as a reference standard 
it could influence standards issued in the U.S. for example by the EPA 
and Underwriters Laboratories (UL). 

We can expect that propane will play a key role in refrigeration 
systems for many years to come. As MicroGroove tubes and coils 
are uniquely suited for use with propane, particularly with respect 
to reduced refrigerant charge, the upsurge in the use of propane will 
also establish smaller diameter copper tubes in the supply chain and 
contribute to broader use of MicroGroove technology in all types of 
refrigeration, air-conditioning and heat pump applications. 
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IN THE SPOTLIGHT

Initially, there was a shortage of refrigeration 
technicians and contractors who could 
service propane-based coolers. This issue has 
now been remedied and qualified technicians 
can be found in the field in most regions of 
the United States, where MTL Cool currently 
sells most of its products. Furthermore, 
propane can be vented to the air. It does not 
have to be recycled because it has a very low 
GWP and low cost. 

The engineers at MTL Cool briefly looked 
at microchannel aluminum for use as 
a coil material. However, among other 
drawbacks, the tendency for lubricant oil 
to become entrapped in the channels was 
a major issue. 

Overall, MTL Cool has more familiarity 
with copper and its engineers were 
more comfortable with its track record  
for reliability.

NEW FACILITY
MTL Cool is rapidly expanding to meet 
the demand for its propane-based 
MicroGroove cooling systems. A new 

factory under construction in Chambly, 
Quebec, outside of Montreal, is slated 
to go into production in the summer 
of 2017. As the volumes, increase the 
company may consider bringing the coil 
manufacturing inside. “For now, we are 
content with buying our coils from trusted 
suppliers, including Super Radiator Coils,” 
says Bedard.

There may be a point where production 
volumes are high enough to consider 
investing in coils manufacturing equipment. 
According to Bedard, the 150 gram limit 
still allows for the use of propane-based 
refrigeration systems in a wide range of 
applications. This amount is sufficient 
for most of the refrigeration needs in 
convenience stores, which is a huge market, 
and many grocery store applications, 
where individual cabinets each with its 
own compressor can be installed. If the 
propane weight limit is increased to 
500 grams, which has a good chance of 
happening, then a whole array of additional 
products could be manufactured with  
MicroGroove technology. 


