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

SMIAALLER DIAMETER COPPER
TUBES EXPAND INTO DIVERSE
APPLICATIONS

Not many years ago there were just a handful of MicroGroove applications but that's
no longer the case. MicroGroove smaller-diameter copper tubes can be found in a
myriad of products, from small to very large, with tube lengths ranging from a few
inches to several meters; and capacities ranging from hundreds of watts to hundreds
of kilowatts.

Today MicroGroove heat exchangers are enabling high efficiency in diverse and
dissimilar products, from cold vending machines and cold display cases to clothes
drying heat pumps and mobile refrigeration systems. And that's not even mentioning
the broad array of air conditioning systems such as window units, central AC, split
systems, VRF systems and packaged systems, which benefit from materials savings and
reduced refrigerant volumes.

Large commercial and industrial systems, too, are built using MicroGroove tubes. Once
the small diameter tubes are interlaced with aluminum fin plates and mechanically
expanded, the ruggedness of the round tube plate fin (RTPF) heat exchangers is
remarkable. Such are highly valued for their corrosion resistance. Consequently, there
is scant chance of a leak even under harsh environmental conditions. That means
MicroGroove designs are favored in outdoor condensers and process cooling equipment.

Let's take a closer look at the advantage of MicroGroove in select products from these
broad classes. Of course, there will be some overlap between arbitrary classifications
but for the purpose of this article we can group the coil sizes into small, midsize and
large. Within each of these size classes, one could find evaporators and condensers
working with many types of refrigerants in an array of applications.

SMALL MMICROGROOVE COILS

Perhaps amongst the smallest-sized applications are the condensers and evaporators
for bottle coolers and cold display cases, especially those using R290 as a refrigerant.
R290's ultralow Global Warming Potential value (GWP of 3) makes it highly desirable
as a refrigerant. However, R290 is flammable and so EPA requlations currently limit
the mass of R290 refrigerant to 150 grams (which is about 5.3 ounces). The smaller
diameter tubes increase the heat transfer efficiency, making it not only possible but also
economical to use propane in eco-friendly applications. Recently True Manufacturing
produced videos relating to its R290 products. One describes ecofriendly products in a
general way (Hydrocarbon Now) and the other is a training resource for technicians,
showing how to replace the refrigerant in the heat exchangers that are actually used
in these products (R-290 Service Training).




MIDSIZE MICROGROOVE COILS

Goodman was an early adopter of MicroGroove tubes for air-conditioning.
(See Figure 1.) How Goodman (now Daikin) came to develop the 5 mm
diameter copper SmartCoil for residential central AC is described in the
October 2013 issue of International Appliance Manufacturing magazine
as well as in the January 2014 issue of MicroGroove Update (MGU).

Another maker of AC condensers is Spirotech. Figure 2 shows a
residential condenser for a two refrigeration-ton (RT) split system.
(Note that 2 RT = 7.03 kilowatts.) Figure 3 shows a 1.5 RT (i.e., 5.28
kW) window unit. Spirotech established its MicroGroove processing
line in 2012 and has been producing diverse heat exchangers ever
since. Figure 4 shows a condenser from Spirotech that serves as
a heater for clothes dryer. Other outstanding MicroGroove products

from Spirotech are an R744 gas cooler (Figure 5) and a finless copper
heat exchanger (Figure 6).

v

Lordan is a coil-maker with expertise in various and sundry heat
exchanger designs using MicroGroove copper tubes. Lordan was one
of the first companies to adopt 7-mm copper tube technology and it
continues to set trends for product development with its Lord-Five
(5-mm copper tube) product line. (See Figure 7.) The company designs
and builds coils of all sizes from the small to midsize to very large.
One remarkable and interesting application is a mobile refrigeration
system. These coils are used in trucks and vans that deliver ice cream
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Figure 1: Cutaway view of outdoor condenser which uses 5 mm
copper tubes. (Image Courtesy of Goodman)

Figure 3: MicroGroove coil for 1.5 RT
condenser. (Courtesy of Spirotech)

Figure 2: MicroGroove coil for 2 RT condenser Figure 4: A MicroGroove condensing coil
split system. (Courtesy of Spirotech) provides heat for clothes dryers.
(Courtesy of Spirotech)
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Figure 6: A finless copper heat exchanger.
(Courtesy of Spirotech)

to resorts along the coast of the Dead Sea where temperatures
often climb above 100 °F. Lordan heat transfer engineer Peter
Mostovoy reports that smaller diameter copper tubes outperform
microchannel aluminum tubes because the efficiency of the latter
drops off rapidly at ambient temperature above the narrow range of
temperatures for which the microchannel coil has been optimized.
The same is not true for MicroGroove coils which continue to
perform satisfactorily even at the high ambient temperatures.

Heat Transfer Solutions, one of the largest producers of condenser
and evaporator coils in the world, uses heavy-wall 5 mm, 7 mm,
1/4" and 5/16" diameter copper tubes in coils for countless
refrigeration applications of all sizes. An example is the UL-
approved Heatcraft coil for use with R744 as a refrigerant as
described in the July 2015 issue of MGU.

Super Radiator Coils also builds all sizes of heat exchangers with
MicroGroove copper tubes for use with a variety of refrigerants,
including propane (R290) and C02 (R744). Case studies of several
of these coils were presented at ATMO America 2015 and new
case studies will be presented at ATMO America 2016 in Chicago
(See MicroGroove Events webpage.) Most recently, for an R290
air-conditioner condenser application with a capacity of 1.38
kW, copper usage was reduced up to 26 percent while increasing
capacity up to 6.5 percent by using smaller diameter copper tubes.

Figure 7: Two coils, comparing 5-mm and 7-mm MicroGroove copper tubes. (Courtesy of Lordan.)

LARGE MICROGROOVE COILS

Companies such as Lordan, LU-VE, Spirotech and Super Radiator
Coils have developed expertise in the manufacture of large
condenser coils. These coils typically function as outdoor
condensers for the air conditioning of commercial buildings or
they can be used for process cooling.

LU-VE for example offers a standard line of condensers made from
5 mm coils, including three basic classes based on fan diameters
of 350 mm, 500 mm and 630 mm. The NanoGiant LCM 350 uses
one to four fans for capacities from 9.3 to 44.0 kilowatts; LCM 500
uses one to three fans for 17.5 to 105.9 kW; and LCM 630 uses one
to four fans for 24.8 to 247.2 k\W.

"Prospects are unlimited for the construction of heat exchangers
for outdoor condensers using MicroGroove copper tubes,” says
Nigel Cotton. “In other words, heat exchanger designers have
just begun to tap into the potential of MicroGroove for such
applications.”

Supermarket cooling is one area where outdoor condensers can
provide an added boost to cascaded CO2 systems. See MicroGroove
technical literature pertaining to the 2015 Ohrid Conference on
ammonia and CO2.

Reduced refrigerant volume is a very important factor considering
the flammability of low-GWP refrigerants. MicroGroove helps to
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meet the safety codes that may be developed for such systems while
not compromising on the cooling capacity. Candidate refrigerants
include low Global Warming Potential (GWP) hydrofluorocarbons
(HFCs) such as HFC-32, which has a GWP of 675; and ultra-
low GWP hydrofluoroolefins (HFOs), such as HFO-1234yf and
HFO-1234-ze, which have GWPs of 4 and 6, respectively. Scores
of refrigerants that are blends of HFCs are HFOs are also under
consideration for various applications. Such refrigerant blends
can be tailored to the application by making tradeoffs between
performance, cost, GWP and flammability

MANUFACTURING AND DESIGN
BREAKTHROUGHS

The handling of small diameter tubes was a challenge for early
adopters but many of the hurdles have been overcome with the
invention of new equipment for bending and lacing tubes and
expanding the small round tubes into the aluminum plate fins.
Bullet expansion can be used to expand the tubes and also new
techniques such as pneumatic expansion and hydraulic expansion
are also effective. In fact, noninvasive pressure expansion may
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Figure 8: Large condenser coil made using
5 mm copper tubes. (Courtesy of Super
Radiator Coils)

actually increase the yield of coils because the tubes are not prone
to buckling during pressure expansion.

WHAT’S NEXT FOR MICROGROOVE?

The question "What's next?" is often asked. There are rumors of
an R744 air conditioning system being developed for residential
applications.  Furthermore, manufacturing techniques will
continue to be improved so that hydraulic pressure expansion
can be automated as well as the brazing of return loops.
Noninvasive tube expansion will allow for the development of
more intricate patterns of inside-the-tube surface enhancement.
Ever smaller diameter tubes are also a prospect; at some point
fins may be discarded as the heat can be dispersed directly from
the tube surface to the ambient air. Coil design software such
as CoilDesigner from Optimized Thermal Solutions will speed up
product development, allowing for highly accurate and precise
simulations of coil performance without building a single coil.

See the "Presentations” section for conferences and exhibits
as well as paper presentations about MicroGroove. &
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BREWERS REAP THE BENEYFITS OF THE
MICROGROOVE ADVANTAGE

The next time you enjoy a “cold brew" consider whether or
not the condensers used for process cooling at the brewery are
made with MicroGroove smaller-diameter copper tubes.

PRO Refrigeration is now offering turnkey refrigeration systems
that use smaller diameter copper tubes in the condenser. These
chiller systems are used to cool wort, control fermentation and
chill conditioning tanks. They offer improved performance in a
smaller footprint compared to coils made with larger diameter
copper tubes or aluminum microchannel.

A GAME-CHANGING CONDENSER

Tommy Gaubatz of Innovative Cooling & Equipment Inc. (ICE)
recognized that MicroGroove could easily become a game
changer for the large condensers used in process cooling and
commercial refrigeration. Having spent much of his career at
Carrier in various marketing and engineering roles, he witnessed
the move toward smaller-diameter copper tubes in both
residential air conditioning as well as refrigerated transport. He
realized that smaller-diameter copper tubes could be a game
changer in the design of process cooling equipment, too.

Gaubatz teamed up with PRO Refrigeration, a company with
extensive experience in building industrial-sized refrigeration
equipment. Along with the engineers at PRO Refrigeration,
Gaubatz helped to apply ICE's new condenser constructed
with smaller diameter copper tubes. This condenser turned out
to be a perfect fit for the process cooling systems that PRO
Refrigeration builds for breweries.

Meanwhile, the manufacture of high-quality copper tubes with
smaller diameters was mastered by the copper industry, initially
for use in the highly competitive residential air conditioning
market; and more recently, coil makers began developing large
heat exchanger coils made with smaller-diameter copper tubes.
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According to Gaubatz, the advantages of smaller-diameter
tubes would apply equally as well for large outdoor condensers
as for smaller systems. The copper tubes offer better
corrosion resistance compared to aluminum microchannel.
Customers could reap the benefits of reliability and familiarity,
as well as high efficiency and reduced refrigerant charge.

PERFECTING THE DESIGN

The development was a success and the refrigeration system
went on display at the 2016 AHR Expo in Chicago. ICE designed
and assembled the condenser module with 5 mm copper
tubes for PRO Refrigeration's process chiller. Already the
first PRO Refrigeration system using MicroGroove tubes has
been installed and more are being built for breweries across
the country.

While it is true that a large cooling system requires a large
surface area to exchange heat with the ambient air, the
refrigerant tubes need not have a large diameter. In fact,
smaller diameter tubes allow for a more compact design. The
higher heat-transfer coefficients of the smaller diameter tubes
allow for heat to be transferred more efficiently from inside-
the-tube refrigerant through the tube wall and ultimately to
the fins on the airside of the condenser.




IN THE SPOTLIGHT (CONTINUED)

Gaubatz designed the condenser to minimize pressure drop
with shorter overall circuit lengths. The design also alleviates
most of the stress due to thermal expansion. Another advantage
is that the heat exchanger modules are flexible, lighter, more
compact, and easier to install.

Using this atypical design configuration, the condenser system
could be perfectly fitted to the high side of the air-cooled process
chiller. The result was a smaller footprint than could otherwise
be achieved with large diameter tube condenser configurations.

LESS REFRIGERANT

The unique design of the condenser also resulted in less
refrigerant. For a brewer the cost of refrigerant could be a
significant fraction of the total system cost, says Gaubatz.
This factor becomes even more important as new, more costly
refrigerants are developed. The use of smaller-diameter copper
tubes can reduce the amount of refrigerant in the system by
several hundred pounds. A system using large diameter copper
tubes might require 700 pounds of refrigerant, for example,
while a system using smaller-diameter tubes might use only
200 or 300 pounds of refrigerant. "When refrigerant sold for a
few dollars per pound, these costs were manageable,” explains
Gaubatz, "but as the price of new refrigerants climbs to ten
dollars or more per pound, it becomes a big deal.”

ALUMINUM NOT UP TO TASK

Gaubatz preferred MicroGroove copper over aluminum
microchannel coils for a number of reasons. One reason was that
none of the microchannel coils available would fit his design
requirements. Also, he preferred copper tubes because they are
proven technology and contribute to better system reliability.

According to Gaubatz, corrosion in microchannel coils could
result in a catastrophic system failure. Such failures are
especially troublesome because the coils cannot be easily
repaired in the field. Ultimately corrosion-resistant coatings
were developed but these added heavy costs to the coils.
In nearly all applications where microchannel is used, and
especially in mission critical process cooling applications, such
coatings are mandatory when using aluminum only coils.

MEETING THE NEEDS OF BREWERS

Process cooling at the brewery is mainly needed for rapid
cooling of the "wort." As every zymurgist knows, wort is a key
intermediate ingredient obtained from boiling crushed hops in
a malt extract. The carb-rich wort is cooled rapidly and precisely
held at various temperatures. Yeast is added and fermentation
occurs at these set temperatures.

Temperature control is paramount to successful brewing!
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Process cooling is accomplished using a chilled mixture of
glycol and water. A stainless steel sanitary heat exchanger
employs a counter-flow of chilled coolant to cool the wort.

Coolant can be pumped to cool the wort in a precisely regulated
process. Once it picks up heat from the wort, it is pumped to
the outdoor refrigeration system and then stored in tanks that
typically hold 2000 gallons.

PRO Refrigeration makes turnkey refrigeration systems

specifically for breweries. The outdoor system is a complete
package; the condenser rests atop the evaporator. This system
functions more or less as a chiller except that the circulated
liquid is a glycol-water mixture rather than just water.

DESIGN OPTIMIZATION

Gaubatz cooperated with coil makers in the optimization of
the coil designs. Typically coil makers assist in the design of the
coils. ICE has used heat exchangers coils from Super Radiator
Coils as well as Lordan. “The technical service offered by both
companies has been excellent,” says Gaubatz. "l would not
have been able to develop these condensers without a robust
supply chain in place.”

The ICE design incorporates many features that Gaubatz feels
will provide superior performance not only in refrigeration
systems for breweries but also in many other commercial
refrigeration and process cooling applications. "Right now, the
ICE condenser can outperform any microchannel condenser,”
he says. "With further optimization of the coil design and
improvements in manufacturing, | believe that smaller diameter
copper tubes will be the winning technology for most process
cooling applications that rely on an outdoor condenser."
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MICROGROOVE TUBES FACILITATE ADOPTION
OF LOW GWP REFRIGERANTS

The industry is opting to replace high-GWP refrigerants with
low- and ultralow-GWP refrigerants, necessitating a reduction
in refrigerant volume due to considerations about cost and
flammability. Global Warming Potential, or GWP, is an index of the
greenhouse gas effect for a given molecule or mixture of gases.

Tools for designing heat exchangers made of smaller diameter
copper tubes are advancing rapidly in response to the demand to
reduce refrigerant charge and facilitate the adoption of low-GWP
refrigerants. One important design tool is simulation software that
uses correlations for refrigerant-side heat transfer, building on the
research results from many laboratories around the globe.

Recently, research results on low-GWP refrigerants in smaller
diameter copper tubes have become available. In particular,
laboratory experiments on MicroGroove tubes were conducted
at three universities: the University of Padova, Padova, Italy™ ?;
Tokyo University of Marine Science and Technology?; and Kyushu
University, Fukuoka, Japan*.

Such research provides predictive correlations that can be used
in simulations of the performance of coil designs that use smaller
diameter coppertubes withavariety ofinside-the-tube enhancements
(i.e., microfins) and low- and ultra-low GWP refrigerants.

RESEARCH FROM
UNIVERSITY OF PADOVA

According to the Padova group, in reference to previous research
in this field, “the literature about smaller diameter microfin tubes
(i.e., inner diameter lower than 6 mm or so) is poor if compared
with larger tubes.” They aptly dubbed these "mini microfin-tubes”
in contrast to traditional (larger diameter) microfin tubes. These
researchers measured flow boiling heat transfer and pressure drops
inside copper tubes with internal enhancements’. In this first paper,
the copper tubes had an outer diameter (OD) of 5 mm and the
refrigerant was R134a. The saturation temperature was 10 °C. The
vapor quality was varied from 0.1 to 0.95; the mass velocity from
100 to 800 kg/m?s, and the heat flux from 15 to 90 kW/m?2 As
expected, the dominant mechanisms are convective boiling at low
heat fluxes, and two-phase forced convection at high heat fluxes.
The authors concluded that the results highlight the promising
heat transfer capabilities of mini microfin tubes during flow
boiling. Looking forward, they state that "additional heat transfer
measurements with different tube diameters, different helical

geometries, and different type of refrigerants are surely needed.”

In a second paper, the Padova group also measured flow boiling
heat transfer and pressure drop for an ultralow-GWP HFO1234ze(E)
refrigerant inside smooth tubes having an OD of 4 mm? The heat
transfer coefficients for the HFO were similar to those for HFC134a
at the same operating conditions but the pressure drops were 10
to 25 percent higher for the HFO. According to these authors, the
heat transfer measurements confirm that HFO1234ze(E) is a very
promising low-GWP candidate for HFC134a replacement.

RESEARCH FROM JAPAN

The Tokyo research measured pressure drops and evaporative heat
transfer coefficients for R32 refrigerant passing through 4-mm
OD copper tubes with a broad range of internal enhancements,
including "microfin” heights of 0.1 mm and 0.2 mm.* Measurements
were made at saturation temperature of 15 °C with mass velocity
ranging from 50 to 400 kg/m?s and heat flux from 5 to 20 kW/m2

Meanwhile, the Kyushu group measured heat transfer coefficients
for mixtures of R32 with HFOs*. This research is especially important
because it provides performance data for different compositions
of the refrigerant mixtures. "Temperature glide" is known to
compromise performance in R32/HFO mixtures compared to single
components (i.e., R32 or HFO alone). The Kyushu results provide
predictive correlations including the effects of microfins for these
refrigerant blends, which are likely to play an important role in
future air conditioning and refrigeration systems. The microfins in
the 4-mm diameter copper tubes had heights of 0.26 mm.

SUMMARY AND CONCLUSION

The design of appliances using smaller diameter copper tubes
has never been easier than now. Precise laboratory experiments
and advances in CFD simulations allow for optimization of coil
designs without building a single coil. Prediction correlations
are better than ever and include tube correlations for smaller
diameter copper tubes with a variety of tube enhancements and
for many refrigerants. Manufacturing also is becoming easier with
improved manufacturing methods offering improved throughput
and reliability.

These advances are just in time as the industry begins to replace
high-GWP  refrigerants with low-GWP and ultralow GWP
refrigerants, necessitating a reduction in refrigerant volume due to



considerations about cost and flammability. The smaller diameter
copper tubes allow for refrigerant volumes to be reduced without
compromising energy efficiency and other advantages such as
cleanability, drainage and ease of manufacturing. &
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UNFCCC, COP21 AND THE MONTREAL PROTOCOL

The United Nations Framework Convention on Climate Change
(UNFCCQ) is an international treaty signed in 1992. The aim of
“the Convention" is to contain anthropogenic greenhouse gas
emissions (caused by human activity) in order to avoid a major
disruption of the planet's climate system.

In alignment with these aims, the Conference of the Parties
(COP) is the supreme decision-making body of the UNFCCC. The
196 Parties (195 countries and the European Union) have met
every year since 1995. COP21 in Paris was especially significant
because it resulted in the Paris Agreement, which is scheduled
to go into effect in the year 2020. A small group of countries
including India, Pakistan and some Gulf states, pushed for and
secured an even later start in 2028, saying their economies
need more time to grow. Environmental groups had hoped that
the deal could reduce global warming by half a degree Celsius
before the end of this century.

COP21 was held in Paris in December 2015. COP22 was held in
Marrakech from November 7 to 18, 2016. Of the 197 Parties to the
Convention, the number who have ratified the Paris Agreement
can be viewed online here.

http://unfccc.int/2860.php

Meanwhile, delegates met in Rwanda (in its capital city Kigali)
in October 2016 for talks on hydrofluorocarbons, or HFCs. A
deal was reached by more than 150 countries to limit the
use of harmful GHGs'. More than 100 developing countries,
including China, will start taking action by 2024 and developed
countries including the United States agreed to a gradual
process beginning in 2019. The Kigali deal is perhaps more
significant that the Paris Agreement since it is legally binding
as an amendment to the Montreal Protocol

REFRIGERANT OPTIONS

R32 is an HFC similar to methane except that two of the four
hydrogen atoms have been replaced by fluorine atoms. It has
a Global Warming Potential (GWP) of 675, which is still quite
high but relatively low compared to other HFCs still in use.
Hydrofluoroolefins (HFOs) are also compounds of hydrogen,
fluorine and carbon but are distinguished from HFCs by being
derivatives of alkenes (olefins) rather than alkanes. Researchers
are already seeking to understand how R32 and HFOs and
blends of these refrigerants behave when they are passed
through smaller diameter copper tubes.

Here is where the refrigerant cost versus low GWP comes to
a climax. The HFOs have ultralow GWP and factually are less
flammable than R32; however, they are currently more costly
because production of these compounds has not been scaled
up. Meanwhile, R32 is cheaper and more widely available but it
is more flammable and has a much higher GWP.

Applications that use R290 as a refrigerant typically also use
smaller diameter copper tubes to reduce the requirements for
refrigerant charge. HFOs are not as flammable as R290 but
still they are flammable and minimizing refrigerant charge
is desirable?.

1. "Nations, Fighting Powerful Refrigerant That Warms Planet,
Reach Landmark Deal," Coral Davenport, The New York Times,
October 15, 2016.

http://www.nytimes.com/2016/10/15/world/africa/kigali-deal-
hfc-air-conditioners.html

2. Cichong Liu, Ziyang Sun, Zigi Zhang, Junye Shi, Jiangping
Chen, "Review of Condensation and Evaporation of R290,"
Purdue 2016, Paper 2413.
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NEW RESEARCH SUPPORTS SIMULATIONS OF AIRSIDE
HEAT TRANSFER AROUND MICROGROOVE TUBES

According to the Copper Alliance, important advantages of
round tube plate fin (RTPF) coils are ease of cleaning and good
condensate drainage.

The “plate fins" of RTPF coils typically are oriented vertically so water
drains easily from the top 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.

Airside heat transfer around smaller diameter tubes now can be modeled
with unprecedented accuracy. Research supported by the International
Copper Association (ICA) and conducted by Optimized Thermal Systems,
Inc. (OTS) compares the performance of slit fins and louvre fins for
smaller diameter (3 mm to 5 mm) copper tubes.'?

Previously only the largest OEMs could afford to perform coil
optimization through CFD modeling. Now, thanks to the Center
for Environmental Energy Engineering (CEEE) at the University of
Maryland and QOTS, techniques for optimizing coil designs are available
to users of CoilDesigner®, a highly customizable software tool that
allows designers to simulate and optimize the performance of heat
exchangers.?

OTS works with coil designers around the globe to optimize heat
exchanger geometry, including the use of smaller diameter tubes.
CoilDesigner includes the latest heat transfer and pressure drop
models published in the open literature and users also can plug-in
proprietary models. OEM users can shorten product development
costs and quickly bring products to market.

RESEARCH ON WAVY FINS

A wavy fin is a plate fin with no holes and so it drains even better.
Wavy fin designs have been found to be more effective for heat
pumps where the outdoor evaporators may be subject to frosting;
and for refrigeration equipment where frosting and condensation
cancels the advantages of slit and louvre type fins due to the
clogging of the openings. Also, enhanced fins such as slit or
louvered fins aggravate the dust accumulation in the condensers
of refrigerated display cabinets. Condensers in display cabinets are
especially prone to dust accumulation because they are positioned
close to the floor.

Supported in part by International Copper Association, researchers
at the Institute of Refrigeration and Cryogenics, Shanghai Jiao
Tong University, conducted research to examine the feasibility of

replacing 9.52 mm copper tubes with 5 mm diameter tubes in the
condensers of refrigerated display cabinets.*

Wavy fins were chosen for this application because of considerations
about dust accumulation. The fin structure was selected by
theoretical analysis and the flow path of 5-mm diameter tube heat
exchanger was analyzed using a heat exchanger simulation tool to
find a suitable balance between heat transfer and pressure drop. The
simulation results suggested that cost of the condenser could be
reduced by 26 percent using the 5-mm tube with performance the
same as the 9.52 mm prototype. The experimental data validated
the simulation results, proving the feasibility of applying the small
diameter tubes in display cabinets.

In related research, the CEEE investigated the design space for
wavy fin heat exchangers having copper tube outer diameters
ranging from 2 mm to 5 mm. They found that existing correlations
were not applicable to the design space, thus justifying the need
for new equations.>® &
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sustainability and the cold chain, Auckland, New Zealand, 2016.

5. Daniel Bacellar, Vikrant Aute, Reinhard Radermacher, “Wavy Fin
Profile Optimization Using NURBS for Air-To-Refrigerant Tube-Fin
Heat Exchangers with Small Diameter Tubes," 16th International
Refrigeration and Air Conditioning Conference at Purdue, 2016,
Paper 2119.



6. Daniel Bacellar, Vikrant Aute, Reinhard Radermacher, "CFD-Based International Refrigeration and Air Conditioning Conference at
Correlation Development for Air Side Performance of Wavy Fin Purdue, 2016, Paper 2120.
Tube Heat Exchangers using 2mm-5mm Tube Diameters,” 16th

SUPER RADIATOR COILS BUILDS COILS FOR
LOW-GWP REFRIGERANTS

There is little doubt that the use of hydrofluorocarbons (HFCs) ~ 0.41 mm (16 mils) and 0.33 mm (13 mils) to 0.25 mm (10
will be phased down. It is only a matter of how soon. Low  mils), respectively.

refrigerant volumes are universally desirable because of the
flammability of low-GWP refrigerants. One of the advantages
of smaller diameter copper tubes is that they allow for a
reduction in refrigerant volume.

In another application from Super Radiator Coils, smaller-
diameter (5 mm) copper tubes were used rather than
conventional-diameter (9.52 mm) copper tubes in a heat
exchanger design for an R290 refrigeration system.

Although classified according to ASHRAE 34 as Group A3
(flammable) refrigerant, R-290 is allowable for refrigeration
and air-conditioning applications under certain conditions,
according to rulings by the US EPA as well as requlatory agencies
in other countries. Notwithstanding specific regulations
under development, R-290 is expected to be an important
eco-friendly refrigerant for the foreseeable future. Safety
standards include such requirements as limiting the refrigerant
mass per refrigerant loop, eliminating nearby sources of
ignition and prohibiting the use of such equipment near points ~ Manufacturers oftentimes can offer eco-friendly R290
of egress. refrigeration systems at the nearly the same cost as
refrigeration systems using conventional technology. In other
words, thanks to the more efficient, smaller diameter tubes,
less material is required to build eco-friendly systems on par
with conventional systems of the same cooling capacity.

According to Dr. Jian Yu, Director of Product Development
at Super Radiator Coils, Richmond, Virginia, tube weight was
reduced by 30 percent, fin weight by 47 percent and internal
volume for refrigerant by 50 percent, [The smaller diameter
tubes had an outer diameter of 0.197 inches, or 5 mm and
wall thickness of 0.010 inch; the conventional-diameter tubes
had an OD of 3/8 inch, or 0.375 inches, or 9.52 mm; and wall
thickness of 0.015 inch.]

The U.S. Environmental Protection Agency's (EPA's) Significant
New Alternatives Policy (SNAP) program has proposed to list
as acceptable, subject to restrictions, the use of propane in
certain commercial refrigeration applications.’

"“The use of MicroGroove smaller-diameter tubes is unlocking
the potential for higher efficiencies and less materials usage in
many industry sectors, including small and large refrigeration
systems as well as residential and commercial air conditioning
systems,"” says Nigel Cotton, MicroGroove Team Leader for the
International Copper Association. Manufacturers are seeing
the many benefits of harnessing new copper tube technologies
in the development of improved ACR systems.

MicroGroove technology can help meet the regulatory
requirements for R-290 because refrigerant volumes can
be greatly reduced by using smaller-diameter copper tubes.
Already, in the US, cold display cases and freezers are
meeting safety requirement in light commercial applications;
furthermore, propane is gaining acceptance for use in room
air-conditioning systems too.

Arecent article from the Institute of Refrigeration and Cryogenics,
Shanghai Jiao Tong University, Shanghai, China reviews research
on R290 condensation and evaporation.? According to the
authors, this review paper is a starting point for future R290
studies and R290 applications in air conditioning systems. 2. Cichong Liu, Ziyang Sun, Zigi Zhang, Junye Shi, Jiangping
Chen, "Review of Condensation and Evaporation of R290,"
Purdue 2016, Paper 2413.

1. SNAP Fact Sheet, EPA Press Release, 29 March 2016.
https://www.epa.gov/sites/production/files/2016-03/
documents/snap_action_factsheet.pdf

In an R290 air-conditioner condenser application from
Super Radiator Coils, MicroGroove allowed for a reduction

in refrigerant charge and maintained high burst pressures 3. Yoram Shabtay, Jian Yu, Nigel Cotton, "New copper-tube

with thinner walls.> Copper usage was reduced up to 26 technologies for heat exchangers: R290 condenser coil and
percent while increasing capacity up to 6.5 percent as tube R744 gas cooler,” Light Commercial Refrigeration Panel,
diameters were decreased from 9.52 mm (3/8 in.) and 7.94 2016 ATMOsphere America, Chicago, lllinois.

mm (5/16 in.) to 5 mm; and tube walls were thinned from
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6th IIR International Conference on
CO2 and Ammonia Refrigeration
Technologies

April 16-18, 2015

Ohrid, Republic of Macedonia

(More info on “Events" page)

TECHNICAL PAPERS

Ohrid Conference

1. Yoram Shabtay, John R.H. Black
and Nigel D. Cotton, “New Copper-
Based Heat Exchangers For R744
Refrigerant, Part I: New Technologies
For Tubes and Coils"

2. Yoram Shabtay, John R.H. Black
and Nigel D. Cotton, “New Copper-
Based Heat Exchangers For R744
Refrigerant, Part Il: System Design
And Case Studies”

MAGAZINE ARTICLE

RSES Journal

"Heat Exchangers for Alternative
Refrigerants: How small-diameter
inner-grooved copper tubes affect
refrigerants in exchangers” By Yoram
Shabtay and Nigel Cotton

WEBINARS

“The Manufacture of High-Efficiency Coils
with MicroGroove Copper Tubes,” with
Brian McConnell, President, Burr Oak Tool.

View webinar now on YouTube.
https://youtu.be/YdSCto6FEVU

For more information, see the
MicroGroove “Webinars" webpage
www.microgroove.net/webinars on
microgroove.net; and the MicroGrooveTech
channel www.youtube.com/user/
MicroGrooveTech on YouTube.

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

MICROGROOVE MANUFACTURING
STEPS UP AS INDUSTRY TRANSITIONS
TO LOW-GWP REFRIGERANTS

Versatile equipment for producing a wide range of heat exchanger coils from various
MicroGroove smaller diameter copper tubes is available now. High-volume production of
MicroGroove coils for residential air-conditioner has been an accomplished fact for more than
five years and the successful production of coils for refrigeration systems and commercial
applications is ever broadening.

For any manufacturer, a major attraction of MicroGroove is the versatility of the production
lines. Equipment today is capable of short runs of specialty products as well as high-volume
production. Either can be accomplished with speed and precision. Coils for commercial
applications typically are not produced in high volumes, so fast-yet-flexible production
is paramount.

Round copper tubes laced through optimized
plate fins are the basis for highly efficient
evaporators, condensers and gas coolers for
countless applications in refrigeration and
air conditioning. The ease with which such
conventional coils can be made has made
them attractive for use for many decades in
the past.

The use of smaller-diameter tubes with
inner grooves allows for even more efficient
coils. Once the tubes became available from
ICA member companies, the supply chain
developed equipment and processes that
could handle the smaller diameter tubes. The type of equipment remains basically the same.
Tube benders, lacers and tube expanders are still at the heart of such production but these
steps had to be adapted to smaller tube diameters. Equipment makers responded quickly and
admirably so that today a manufacturer can purchase and/or build the equipment necessary
to establish a reliable and versatile production line for the manufacturer of coils from smaller
diameter copper tubes.

RESULTS OF AUDIENCE POLL

During a recent MicroGroove webinar, members of the audience were polled about their
greatest concern with moving to smaller-diameter coil production. Their two biggest
concerns were centered around “technology/innovation in this area” and “manufacturing
process changes.”

“The audience responses suggest that many manufacturers are on the brink of transitioning
from conventional copper tubes to MicroGroove," says Nigel Cotton, MicroGroove Team
Leader for the International Copper Association. “The early adopters are already in production
and demand is increasing. Current equipment is proven in production environments and is
ready for adoption by the mainstream industry."

(continued on next page)



(continued from previous page)

REFRIGERANT FRIENDLY COILS

Heat exchangers made with copper tubes are highly compatible
with most of the eco-friendly refrigerants under consideration for
refrigeration systems, air conditioners and heat pumps globally.

In both laboratory and manufacturing environments, smaller-
diameter copper tubes are proving to be a good match for eco-
friendly refrigerants. Candidate refrigerants include Low Global
Warming Potential (GWP) hydrofluorocarbons (HFCs) such as HFC-
32, which has a GWP of 675; and ultra-low GWP hydrofluoroolefins
(HFOs), such as HFO-1234yf and HFO-1234-ze, which have GWPs of
4 and 6, respectively.

Scores of refrigerants that are blends of HFCs are HFOs are also
under consideration for various applications. Such refrigerant blends
can be tailored to the application by making tradeoffs between
performance, cost, GWP and flammability.

Traditional copper tubes with plate-fins are well suited for these
new blends of eco-friendly refrigerants. The use of smaller-diameter
tubes further reduces the effective GWP in applications since less
refrigerant charge delivers the same capacity. Copper also excels
when used in heat exchangers for natural refrigerants, including
hydrocarbons (e.g., propane, R290) as well as carbon dioxide (R744).

According to the laws of mechanics, the "hoop stress” exerted on
a tube decreases with diameter (when pressure and wall thickness

are held constant). Consequently, higher pressures can be applied
without increasing the wall thickness; or lower wall thicknesses can
be used. When a manufacturer uses a smaller-diameter copper tube,
he can save on materials and increase performance in more ways
than one.

MANUFACTURING INFRASTRUCTURE

Fortunately, the development of smaller-diameter copper tubes and
the manufacturing technology for the production of MicroGroove
heat exchanger coils coincides with the regulatory need. MicroGroove
technology has been steadily advancing for more than a decade
now. The manufacturing infrastructure for supplying evaporators,
condensers and gas coolers to the industry has already developed
to the point where it is available for use. "For OEMs who want to
use smaller diameter copper tubes, the equipment is available,” says
Cotton. "That is true for nearly all of the Low-GWP and ultra-low
GWP refrigerants and refrigerant blends.”

According to experts at Burr OAK Tool, the equipment to build
small diameter tubes into all sizes of coils is already available, and
manufacturing processes are familiar, economical and reliable.

The Copper Alliance recently provided a webinar presented by Brian
McConnell, President of BOTI, in which the manufacturing technology
to produce heat exchanger coils from MicroGroove Copper Tubes
was described. &

CEEE’S COILDESIGNER NOW INCLUDES MIICROGROOVE

CoilDesigner® software is a proprietary heat exchanger
simulation and design optimization tool developed by the
Center for Environmental Energy Engineering (CEEE) at the
University of Maryland. It is a highly customizable software tool
that allows designers to simulate and optimize the performance
of heat exchangers. Using CoilDesigner simulations, OEM users
can shorten product development costs and bring products to
market more quickly.

And now CoilDesigner can simulate the performance of coils
designs made with MicroGroove tubes!

Research at the Shanghai Jiao Tong University (SJTU) resulted
in the development of new airside and refrigerant-side
correlations, particularly for 5-mm MicroGroove tubes. To
make such correlations readily available to HVAC&R system
designers and heat exchanger engineers, the ICA worked
with Optimized Thermal Systems Inc. (OTS) to implement the
newly developed correlations into its software design tool.

For information on CoilDesigner, visit www.ceee.umd.edu. Also,
visit www.microgroove.net. Or join the MicroGroove Group on
LinkedIn to share your ideas about research directions and product
development. www.linkedin.com/groups/Microgroove-4498690.

The Center for Environmental Energy Engineering (CEEE) is a
leader in research and education in environmentally responsible,
economically feasible integrated energy conversion systems for
buildings and transportation. Research focuses on air-conditioning,
refrigeration and heat pumping and integrated cooling heating
and power systems. The Center also provides software for the
design and analysis of such systems with integrated optimization
capabilities for lowest cost and best performance.

OTS has an exclusive license agreement with the University
of Maryland to provide customized versions and assist in the
development of CoilDesigner software. OTS works with various
HVACE&R designers around the globe to optimize heat exchanger
geometry, including investigation of the use of small diameter tubes.
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ATMOsphere America

MicroGroove is a Sponsor
June 25-26, 2015
Atlanta, Georgia

IIR International Congresses of
Refrigeration (IIR ICR)
MicroGroove is a Sponsor

August 16-22, 2015

Yokohama, Japan

(More info on “Events" page)

TECHNICAL PAPERS

Ohrid Conference

1.  Yoram Shabtay, John R.H. Black
and Nigel D. Cotton, “New Copper-
Based Heat Exchangers for R744
Refrigerant, Part I: New Technologies
for Tubes and Coils"

2. Yoram Shabtay, John R.H. Black
and Nigel D. Cotton, “New Copper-
Based Heat Exchangers for R744
Refrigerant, Part Il: System Design
and Case Studies”

WEBINARS

The Copper Alliance recently provided a
webinar presented by Brian McConnell,
President of BOTI, in which the
manufacturing technology to produce heat
exchanger coils from MicroGroove Copper
Tubes was described.

“The Manufacture of High-Efficiency
Coils with MicroGroove Copper Tubes,”
with Brian McConnell, President of Burr
0Oak Tool can now be viewed on YouTube.
https://youtu.be/YdSCto6FEVU

For more information, see the MicroGroove
“Webinars" webpage www.microgroove.
net/webinars on microgroove.net; and the
MicroGrooveTech channel www.youtube.
com/user/MicroGrooveTech on YouTube.
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Join us on LinkedIn
via microgroove.net

NEW COPPERTUBE TECHNOLOGIES

With a general trend toward downsizing bringing about material and refrigerant savings, smaller-
diameter, inner-grooved, thin-walled tubes with outer diameters of 7 mm, 6.25 mm and 5 mm are
now used in residential and commercial air conditioning and refrigeration applications, ranging
from large commercial-sized heat exchangers to small heat exchangers for cold vending machines.

Such smaller-diameter copper tubes first appeared in window-type air-conditioners and
evaporator coils for split systems as well as in outdoor condensers for residential applications.
Initial manufacturing hurdles have been overcome and such tubes have now become the
industry standard for a wide range of commercial, industrial, light commercial and residential
air-conditioning, heat pump and refrigeration applications.

Now we can ask “What's next?" for the industry.

Several new tube technologies were briefly described in a review paper given at the recent
Ohrid Conference on natural refrigerants and also in a presentation at the 2015 ATMOsphere
America conference.

HIGH-STRENGTH COPPER

For higher-pressure applications, e.g., R744 refrigeration, the tubes, fittings and components
must withstand high pressures. Plain and inner-grooved seamless tubes and fittings are
available in a high-strength copper-iron alloy known as CuFe2P (and also known as C19400
or CW107C). The alloying elements are iron, zinc, phosphorus and magnesium. These alloys
allow for a reduction of wall thickness and hence less material usage. What's more, existing
machines and tools usually can process these alloys, and they are perfectly brazeable and
weldable. These alloy tubes can sustain pressures 100 percent higher than standard ACR
tubes. Various sized tubes for refrigerant distribution typically are rated to handle pressures
up to 120 bar (i.e., 1740 psi or 12 MPa).

Another type of copper tube is made from deoxidized high phosphorus (DHP) copper,
which is useful up to pressures of 120 bar, or more, depending on the tube diameter and
tube wall thickness.

The product literature of copper tube suppliers should be consulted for more information.

MICROGROOVE DESIGN SOFTWARE

To obtain the highest performance from air conditioners made with small diameter tubes,
it is necessary to apply certain principles to the design of fin-and-tube heat exchangers,
including design principles for tube-and-fin geometries and spacing, fin-configuration and
tube circuitry.

Research at leading international universities has resulted in the development of new
airside and refrigerant-side correlations, particularly for 5-mm MicroGroove tubes.
To make such correlations readily available to HVACE&R system designers and heat
exchanger engineers, the Copper Alliance is working with Optimized Thermal Systems Inc.
to implement the newly developed correlations into CoilDesigner® software, a proprietary
heat exchanger simulation and design optimization tool developed by the Center for
Environmental Energy Engineering (CEEE) at the University of Maryland.



LOOKING AHEAD

Smaller-diameter MicroGroove copper tubes are the current benchmark for heat exchanger coils but are not the final word. Investment in
research and development is ongoing on new copper tube technologies that could enable new levels of heat transfer efficiency and capacity
for next generation heat exchangers. &

“HEAT TRANSFER SOLUTIONS” TAKES
ADVANTAGE OF MICROGROOVE

Heat Transfer Solutions (HTS) is one of the world's largest
suppliers of Heatcraft heat exchangers and ECO coolers for the
HVACE&R markets. HTS is the culmination of many decades of
growth, development and acquisition. HTS offers four key areas
of thermodynamics expertise: 1) Stationary climate solutions;
2) Mobile climate solutions; 3) Food storage and transport-
refrigeration solutions; and 4) Industrial processes solutions.

HTS has played a major role in developing and manufacturing
custom heat transfer products for the commercial, industrial,
telecommunications,  transportation, and replacement
markets. It has expanded its product offerings to accommodate
nearly every heat transfer application, utilizing many types
of materials to produce coil technologies that best fit its
customers' requirements.

CO2 REFRIGERANT FOR COLD
VENDING MACHINES

For the heat transfer surface industry, the development of
refrigeration systems based on natural refrigerants has been one
of the more interesting developments in recent memory. With an
extensive line of products, software tools and market experience,
HTS has led the way with the development of heat exchangers
that use natural refrigerants and smaller-diameter copper tube.
This work paves the way for
CO2 refrigeration to be used
in a wide range of commercial
applications, from small vending
machine applications to larger
supermarket systems.

[ N

As a refrigerant, CO2 has many
benefits, not the least of which
is its low index for global
warming potential. The GWP
index is based on the assigned
value of “1" for a molecule of
carbon dioxide. High-GWP
refrigerants can have GWP
values of several thousands so a GWP of one is considered very
low and very eco-friendly. As a consequence, NGOs such as
“Refrigerants, Naturally!" have supported the development and
use of CO2 refrigeration by large corporations [1, 2].

This Heatcraft heat
exchanger with smaller
diameter copper tubes
is suitable for use with

R744 refrigerant.
\ v

Meanwhile, compact heat exchangers suitable for use in
CO2 refrigeration systems have been developed and proven
successful. The heat exchangers offered by HTS are made from
heavy-wall 5 mm, 7 mm, 1/4" and 5/16" diameter copper tubes.
They have been widely used in cold vending machines and
display cases, including both the evaporator and the condenser.

The smaller-diameter copper tubes provide higher strength,
while keeping the heat exchanger weight down; and they allow
for lower refrigerant volume, while saving on material costs. As
a refrigerant, CO2 has a very high vapor density, which means
it works very well with smaller diameter tube because of the
minimal pressure drop. Typical operating pressures are 60 bars
(870 psi) on the evaporator side and 130 bars (1885 psi) on the
condenser/gas cooler side.

THE FUTURE IS GREEN

HTS provides these coils to various OEMs involved in the
manufacture of cold vending machines and display cases for
leading beverage brands worldwide, reducing the volume of
atmosphere-harming refrigerants. In addition to CO2, HTS also
offers alternative solutions that use other natural refrigerants
such as propane and isobutane.

“The development of the manufacturing equipment to build
such heat exchangers in high volume has changed the face of
refrigeration and laid the foundation for further use of ultra-low-
GWP refrigerants in the future,” says Nigel Cotton, MicroGroove
Team Leader at the International Copper Association. “The
copper industry is committed to developing environmentally
friendly refrigeration technology, especially technology that
optimizes the use of natural refrigerants!"

REFERENCES

1. Amy Llarkin, "Environmental Debt: The Hidden Costs
of a Changing Global Economy,” New York: Palgrave
McMillan, 2013.

2. "Refrigerants, Naturally!" is a global, non-profit initiative
of companies in the food and drink, food service and
consumer goods sectors. For more information, see
www.refrigerantsnaturally.com.

micragroove Update ea—



micragroove.Update

Vol. 5, Issue 3 ® Special Edition

Join us on LinkedIn
via microgroove.net

PRESENTATIONS

UPCOMING EVENTS

2016 AHR Expo

MicroGroove Booth 1293

Orange County Convention Center
Orlando, Florida

Jan 25 2016 - Jan 27 2016

“OAK Next” Events from BOTI,
Introducing the Phoenix

Global Digital Event

For more about "OAK Next" events,
www.burroak.com/next

Burr OAK Tool Inc. will deliver four
unique seminars on the manufacture
of heat exchangers at the AHR Expo,
Booth #3831.

Monday, January 25
11:00 a.m. OAK Product Innovations

1:30 p.m.  New Technology Seminar, Theatre C

3:00 p.m.  MicroGroove Tubes versus
MicroChannel

5:00 p.m.  Evolution of Coil and Tube

Manufacturing

Tuesday, January 26
11:00 a.m. MicroGroove Tubes
versus MicroChannel

1:00 p.m.  Non-invasive Pressure Expansion

3:00 pm.  Evolution of Coil and Tube
Manufacturing

5:00 p.m.  OAK Product Innovations

Wednesday, January 27
11:00 a.m. Evolution of Coil and Tube
Manufacturing

1:00 p.m.  Non-invasive Pressure Expansion

FEATURE ARTICLE

"Trends in the Design and Manufacture of
Round-Tube Plate-Fin Coils from Smaller
Diameter Copper Tubes” by Yoram
Shabtay and Nigel Cotton, International
Appliance Manufacturing, October 2015.
http://click.onp-digital.com/

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

NEW PRESSURE-EXPANSION
EQUIPMENT IS A GAME-CHANGER
FOR HIGH-VOLUVME MICROGROOVE
MANUFACTURING

Advances continue to be made in tube fabrication, coil manufacture and system design. Taken
together, these three disciplines have contributed to an atmosphere of creativity, imagination and
innovation in product design.

The industry is moving rapidly toward new refrigerants, new coil designs and new systems.
Furthermore, equipment for manufacturing tubes and coils is also advancing rapidly, which
directly influences all of the above factors.

LOW GWP REFRIGERANTS,EFFICIENT TUBES

Refrigerant and refrigerant tubes go "hand in glove.” For most refrigerants, there is no better
fit than copper. Its high thermal conductivity, superior strength and excellent corrosion
resistance set it apart from any other material.

But one thing that can be changed is the tube diameter'. The trend in recent years has been
toward smaller diameter copper tubes, which are advantageous in many respects.

e Firstly, internal heat transfer coefficients (HTCs) are higher for smaller diameter tubes,
offering an immediate payback because less tube material and less refrigerant is
required to provide the same capacity, whether for the evaporator or the condenser.

e Secondly, the smaller diameter tubes can allow for more efficient and more streamlined
airflow outside of the tubes as can be easily shown with simulations.

e Thirdly, a given tube wall thickness can support higher pressures for smaller diameter
tubes, which means tube walls can be made thinner, resulting in even less materials
usage and even lighter weight.

EXAGGERATED CLAIMS

On occasion, promoters of aluminum tubes point to “microchannel” or “multichannel”
brazed aluminum, a technology borrowed from the auto industry, as offering better
performance than copper. If one examines closely the details of such comparisons, it
usually turns out that the multiple small channels in a flat tube are being compared to
large diameter copper tubes, typically 3/8 inch tubes (9.52 mm tubes). The comparisons are
misleading since smaller diameter copper tubes are the new benchmark for copper tubes.
Exaggerated claims about aluminum microchannel tend to deflate when comparisons are
made with MicroGroove smaller diameter copper tubes'?.

Further, the aluminium microchannel tubes present their own disadvantages, such as
maldistribution of refrigerant, drainage and defrost obstructions, and other challenges.

Meanwhile, MicroGroove coils just keep getting better.

As far as materials go it is hard to imagine a better material for heat transfer than copper.



(continued from previous page)

RECENT WEBINAR

“A Practical Update on Advanced Copper
Alloys and On-Site Joining Methods for
HVACR Systems"

Sponsored by the Copper Development
Association

Speaker: John Hipchen, Exel Consulting
Moderated by Lori Schiavo, Publisher
of the RSES Journal

MICROGROOVE
WEBINAR SERIES

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

... or visit the MicroGrooveTech
channel on YouTube for easy access
to past webinars:

https://www.youtube.com/user/

MicroGrooveTech

A few materials have better thermal
conductivity, notably silver or diamond.
Nonetheless, copper offers a unique
combination of thermal conductivity and
strength, which makes it likely that it will
serve as the material of choice for tube
material for the foreseeable future.

PERFECTING THE
INNER GROOVE

Another trend is to provide surface
enhancements to the inside surface of the
copper tubes. Again, this increases the inside-
the-tube heat transfer characteristics. Much
research has been dedicated to understanding
the behavior of various refrigerants as they
flow through small, inner-grooved tubes at
various rates. Here theory and manufacturing
capability are closely intertwined. Generally
speaking, a grooved inner surface mixes
up the refrigerant for more efficient heat
transfer between the refrigerant and the tube
wall. Surface enhancements can improve
the performance of copper tubes both in
condenser coils and evaporator coils.

In the case of inner grooves (or "microfins”
on the inside walls of tubes) the grooves
have widths on the order of hundreds
of microns at the top of the groove. It is
remarkable that these inner grooves can
enhance the HTCs by as much as 300

percent depending on the tube diameter,
the flow rate, the refrigerant and the type
of enhancement. The variability in HTC
enhancement has spurred competition
among tube suppliers, who are the experts
in fabricating tubes with various kinds of
enhancements, for example, herringbone or
helical patterns.

Tube manufacturers today can vary the
features of these microfins in many
ways. They can vary the width at the top
of the groove. They can vary the depth
of the groove. They can vary the groove
wall angle, the helical angle and spacing
between the grooves.

Incidentally, the term “microgroove” is
reminiscent of the record industry where
the term was used to describe the narrow
grooves of long playing records introduced in
the late 1940s. These “microgrooves” were 50
microns (2 mils) or less at the top compared
to earlier coarse grooves which were 150
microns (6 mils) or less at the top**. This
term "microgroove” is therefore apropos for
describing the inner surface enhancements
of copper tubes, which are of a similar order
of magnitude®.

Nowadays, the number of tube
enhancements has proliferated to such
an extent that it is necessary to work
closely with tube suppliers to optimize the
configuration for any given application. The
performance of these tubes must then be
correlated with laboratory experiments for
specific refrigerants, flow rates, pressures,
and quality factors. Tube suppliers and/
or research labs can provide the necessary
correlations to allow for accurate
predictions of the efficiency gains that can
be realized by using inner-grooved smaller
diameter tubes.

A recent white paper prepared by Optimized
Thermal Systems (OTS) and Burr OAK Tool Inc.
(BOTI) reviews the enhancements available
for tubes of different tube diameters
from 9.5 mm to 5 mm and smaller®. Joint
research is ongoing with OTS, BOTI and the
Copper Alliance to correlate the surface
enhancements with enhanced HTC values
and lowered pressure drops. These values
already have been precisely measured for
commonly used surface enhancements and
in many cases have been included in the

industry-standard software for designing
heat exchanger coils.

RTPF MANUFACTURING
GOES HIGH TECH

The round tube plate fin coil has a long
and rich history within the ACR industry.
The industry has already developed highly
sophisticated equipment for handling smaller
diameter tubes, including 1) presses and dies
for stamping fins with patterns optimized for
smaller diameter tubes; 2) hairpin benders
capable of high-speed processing of smaller
diameter tubes; 3) materials handling tools
for lacing the delicate hairpins through the
fin plates; 4) tube expanders for establishing
thermal contact between the tubes and fins;
and finally 5) Various automated or semi-
automated methods for the insertion and
brazing of the return bends into the flared,
open-ends of the copper tubes, completing
the tube circuitry.

The above equipment has been described
previously in various publications and
webinars 7.

THE DEBUT OF PRESSURE
EXPANSION

Now the technology is about to take a huge
step forward with the introduction of new
equipment for pressure expansion from Burr
OAK Tool Inc.

This new equipment has been in
development for several years and was
launched beginning in November in China,
Japan, Thailand and India. It will also be
on exhibited at the AHR Expo in Orlando
in January. (See "In the Spotlight" for a
description of the Phoenix.)

“The development of the manufacturing
equipment to build RTPF heat exchangers
in high volume has changed the face
of the ACR industry and laid a firm
foundation for the continued use of
smaller diameter copper tubes,” says Nigel
Cotton, MicroGroove Team Leader at the
International Copper Association. "We
welcome equipment advances such as
the OAK's pressure expansion equipment,
which will make the production of
MicroGroove coils more efficient and open
the door to new applications.”
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Zero Shrink Process

Tetzloff explains that pressure expansion is inherently a zero
shrink process. Lévy-Mises equations describing plastic flow in
material are used to show that a tube experiences zero lateral
strain while pressure is applied to expand the tube diameter
plastically™. In effect, the internal pressure that causes hoop
stress in the tube resulting in expansion of the tube diameter
also places tension on the tube, in the precise amount
needed, to prevent the tube from shrinking. “This is really
exciting," explains Tetzloff, "when you understand the impact
that compressive loading and bullet interaction can have on
the tube and fin bond." Tang, Li and Peng of the School of
Mechanical Engineering in Shanghai have studied the effect of
collar compression 2

Test results indicate improvements in the tube-to-fin contact
of coils that are expanded with the non-invasive pressure
approach rather than mechanical bullet expansion.

No Deformation of MicroGrooves

The second significant advantage of using pressure to expand
tubes is that the internal tube enhancements are not disturbed
as they are when using a mechanical bullet. This comparison
is illustrated in images of small diameter internally enhanced
MicroGroove tubes. For the bullet method, the stresses exerted
in the internal enhancements of the tube are significant.
The bullet method could deform the tops of fragile types of

inner fins. Expanding tubes with pressure will enable tube
manufacturers and researchers to explore new designs of
surface enhancements.

It can be seen then that the use of a non-invasive expansion
process opens the door to the use of more delicate inner-
fin structures.  The immediate effect is that existing
enhancements will be unaffected by the manufacturing process.
This phenomenon is already being tested in joint research
by the ICA, OTS and BOTI, to determine what effects, if any,
non-invasive expansion has on the performance of surface
enhancements and the values of heat transfer coefficients>.
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THE PHOENIX RISES AT BURR OAK TOOL INC.

New equipment from OAK uses pressure to expand smaller-diameter copper
tubes into fin plates. (Photography Courtesy of Burr OAK Tool Inc.)

The techniques for making coils from copper tubes and aluminum
plate fins are quite familiar to anyone who has been involved in
the manufacture of residential or commercial air conditioners
and refrigeration equipment. One key step in the process is the
mechanical expansion of the copper tubes until they make contact
with the collared aluminum fins.

New technology being launched by Burr OAK Tool of Sturgis,
Michigan, incorporates the proven technology of tube expansion to
join the tube and fin. The new product, which was just released to
the market in November 2015, “uses precisely controlled pressure
to expand tubes for an interference fit between the tubes and fins,"
according to Jason Halling, Manager of Business Development
& Marketing for OAK.

OAK is extending a special invitation to all subscribers of the
MicroGroove Update newsletter to attend one of its "OAK Next"
events. (Visit www.burroak.com/next for more information on events
surrounding the launch of the Phoenix.)

MEETING THE CHALLENGES

The manufacturing process of RTPF coils creates a rigid assembly
from parts that are individually rather delicate. Small diameter tubes
have much higher strength for resisting internal pressure. However,
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when not assembled into a coil, the small diameter of these tubes
can make them weaker in resisting bending and buckling.

The joining of tubes and fins is what makes the assembly strong.
For smaller diameter tubes, depending on the wall thickness,
higher forces may be required to expand the tubes but tube
expansion is still practical. In addition to creating a rigid
assembly, the joint between the tube and fin creates a path for
heat conduction. If the tubes are improperly joined to the fins
then the boundaries between the tubes and fins can become
barriers to heat flow.

The preferred method for joining tubes and fins is through a
process of tube expansion to generate an interference fit
between the tube and the extruded fin collar. This expansion
is typically performed using a spherical "bullet” that is pushed
through the tube by a smaller diameter rod. The bullet diameter
is larger than the original tube inside diameter, causing the tube
to expand.

Friction between the tube and bullet induces column loading on
the tube, which could cause the tube to buckle if not contained.
Also, as the tube expands in diameter, material along the length
of tube is drawn into the increased circumference of the tube;
consequently the tube shrinks in length during the expansion
process. Early adopters of small diameter tubes faced challenges
in the expansion process, which led to development of “limited-
shrink” expansion by OEMs. This approach enabled successful
expansion by placing the tube in tension to prevent buckling
and to control shrinkage. The proper balance of bullet friction
force and tube tension also allows zero shrinkage of the tube.

NON-INVASIVE TUBE EXPANSION
BREAKTHROUGH

The method of using pressure to expand tubes is commonly
used in the hydroforming industry where containment for the
final tube shape is determined with dies that encapsulate the
material. In the case of expanding MicroGroove tubes into fins,
the fin collar provides the necessary containment, resisting
expansion and establishing a secure bond between the tube
and fin. Halling explains that pressure expansion is not a new
process to the HVAC industry. Some manufacturers routinely use
pressurized fluids to expand coils. “This solution has inherent
benefits that the industry will use to take MicroGroove to the
next level," states Halling.

Regarding non-invasive expansion, according to Roger Tetzloff,
Innovations Manager for OAK, there are at least two benefits,
including zero shrinkage of the small diameter tubes and no
deformation of the inner-grooves.
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