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HEATING TECHNOLOGY

A step-by-step procedure
for optimizing the use of
smaller diameter tubes in

eco-friendly AC designs.

by wenson zheng
and nigel cotton

Wenson Zheng is the Deputy Director of
Technology for the International Copper
Association (ICA). He can be reached

at wensonzheng@copper.org.cn

Nigel Cotton is the MicroGroove OEM Team
Leader for ICA, and can be reached

at ndc®eurocopper.org

For more information

visit www.microgroove.net/contact-us
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refrigeration applications using small-
er diameter copper tubes are summarized
here. These steps are intended as a general
guideline. Specific choices and recommenda-
tions are not given here, since such choices
may depend upon other components in the
system design.

Simply put, an air conditioning or refrig-
eration system consists of a compressor for
work input; and condenser and evaporator
coils for heat output and input, respectively.
Energy efficiency is dependent upon keeping
the refrigerant passing through the condens-
er and evaporator coils as close as possible to
the surrounding outdoor and indoor tem-
peratures, respectively.

Much attention has been focused in recent
decades on refrigerants and valves for con-
trolling and regulating refrigerant flow. Yet
in the past half a decade, significant advances
have also been made in the design of evapo-
rator and condenser coils. These advances
have been motivated by the conflicting needs
to increase energy efficiency while also reduc-
ing materials usage.

It has long been understood that a smaller
diameter tube would increase the local heat

he steps involved in the design of heat  transfer coefficient (HTC or «)
exchangers for air conditioning and

il to maximize fin efficiency,
e the smaller diameter tubes a_raj%ss

strictive to the airflow.

that governs
the heat transfer between the refrigerant and
the inside of the tube wall. The challenge has
been to fabricate smaller diameter tubes and
assemble them into heat exchanger coils. The
proving ground has been the highly competi-
tive, high volume manufacture of residential
air conditioning (RAC) systems, including
window-type air conditioners as well as split
units. The same design principles apply as
well to larger commercial units.

Establishing a Consortium

The ICA sponsors a research and develop-
ment consortium dedicated to the develop-
ment of more efficient heat exchanger coils.
The consortium includes not only copper
tube suppliers but also several major research
universities as well as many OEMs who are
responsible for a major share of the global
production in this product category.

Initially, prototypes were made simply
by replacing the larger-diameter copper
tubes with smaller diameter copper tubes.
The footprint of the heat exchanger in
the product was unchanged and the fins
in the coil designs were not optimized to
the smaller diameter tubes. This could be
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This single-row coil for an outdoor
condenser unit of a split system from
Midea features highly efficient, smaller

diameter, inner-grooved copper tubes. -

The tubes are only 4-mm in diameter.

referred to as the “cut-and-try method.”
Nonetheless, the results were immediate
and dramatic and this intensified interest
in further development.

Consider that if tube diameter is halved
then the cross sectional area is cut by 75
percent. Besides reducing the amount of
tube material, refrigerant volume could also
be reduced. Furthermore, it is well known
from tube stress analysis that the burst pres-
sure increases as the tube diameter decreas-
es, hence wall thickness could be
decreased, resulting in a further
savings of material.

Once it was fully understood
how smaller-diameter copper
tubes provide major competi-
tive advantages, more system-
atic approaches were taken by
the various OEMs in the design
and optimization of coils for
specific products using various
refrigerants.

Tube Pitch Ratio

An evaporator coil or con-
denser coil is, of course, a com-
ponent in a system and the
tubes and fins are sub-compo-
nents. The first step toward an
optimal heat-exchanger design
is to select the tube pitch ratio,
which may be quite differ-
ent for smaller-diameter tubes

Smaller diameter copper tubes with
inner grooves transfer heat more
efficiently than conventional tubes,
prompting the redesign of evaporator
and condenser coils for many types of air
conditioning and refrigeration products.
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compared to conventional tubes because the
airflow around the tubes is not obstructed as
much for smaller tubes.

If there are two rows of tubes then the
ratio (Py /P)) between transverse and lon-
gitudinal tube spacing must be approxi-
mated before any further steps can be taken.
Initially, values commonly
used in heat exchanger

designs are selected for
fins with high efficien-
cy with operating con-
ditions such as airflow
and tube-wall temper-
ature as defined by the
applications. The tube
pitch ratio is then opti-
mized for the particu-
lar application using
CFD calculations.

This 2600 W split-unit, roo
air-conditioner from the Kelon
Corporation uses coils made with
~ MicroGroove technology. The use o
» smaller-diameter copper tubes in the :
evaporators of the split units resulted in-
a higher coefficient of performance while,
reducing the total weight of tube material.

Tube Spacing

How far apart should the tubes be spaced?
The outside air pressure drop must be equal
to or less than the design criterion; if the
tubes are spaced too closely, this air pres-
sure drop may be too high. The objective is
to maximize performance while minimizing
the cost. An overly large fin size would cost
more to manufacture because it uses more
fin material. It would also result in a heat
exchanger that is larger-than-necessary. For
evaporator coils, the condensate film that
forms on the fin influences the choice of fin
size. Tube spacing dictates the “fin size” that
will be used in fin-design simulations.

Fin Design

The next step is to optimize the fin pat-
tern. The two most common types of fin
patterns are the louver fin and the slit fin
(or slotted fin). The CFD method is used
to simulate both fin patterns. For the louver
pattern, the independent variables are the
louver angle and the louver number; the lou-
ver height and pitch are determined by these
independent variables. For the slit pattern,
the slit height is determined as one-half the
fin pitch, so the only independent variable is
the slit number.

It should again be stressed that the fin pat-
terns that worked best for larger diameter
tubes are not optimized to smaller diameter
tubes and related fin sizes. Thus it is neces-
sary to re-examine the design space for all
types of fin patterns using CFD simulations.
Only in this manner can the fin pattern be
optimized for smaller diameter tubes. Ease of
manufacture and assembly can also be a fac-
tor in the selection of the fin pattern.

The final fin pattern design that is selected
may be specific to the final application. The
objective in all pattern designs
is to maximize
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Typically, in round tube plate fin (RTPF)
heat exchanger coils, the fins are laced
into the tubes, which are then mechanically
expanded to make contact with the fins. The
tubes are flared at the ends to allow for the
insertion of U-bends to complete the tube
circuitry.

the heat transfer capacity while meeting the
requirement for a low air pressure drop. Of
course, efficient heat transfer through the
coils results in higher energy efficiency for
the system because the refrigerant cools
down faster in the condenser and heats up
faster in the evaporator.

Build and Test

At this stage, a reality check is necessary.
An actual heat exchanger needs to be built
and thoroughly tested in a laboratory wind
tunnel. The heat transfer capacity can be
experimentally measured as the refriger-
ant flow rates and wind velocities are var-
ied. The former controls the internal rate of
heat transfer and the latter determines the
external rate of heat transfer. Heat transfer
through the tube wall is also a factor. The
various components of the heat transfer can
be represented as a circuit diagram.

Today’s CFD simulations are very good.
For examples, case studies specifically on
designing with small tubes of copper were
presented at the 23rd IIR International
Congress of Refrigeration last year in
Prague and another paper will be present-
ed this month at the 14th International
Refrigeration and  Air  Conditioning

Conference on the campus of Purdue
University in West Lafayette, Indiana.

(1,2]
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The results of a well-designed simula-
tion can be expected to agree very well with
experiment. Nonetheless, there is no sub-
stitute for the real thing. The experimental
measurements can be used to develop pre-
diction correlations, which can be used in
further refining the heat exchanger design
and the results can also be used in the design
of the next step.

Tube Circuitry

An entirely new series of simulations
is required to optimize the tube circuitry.
Tube circuitry simulations answer the ques-
tions about how many separate tube paths
(branches) should be included in the cir-
cuit and what should be the length of each
branch. If the paths are too short then the
refrigerant might not reach the target tem-
perature; if too long then the inside pres-
sure drop may be too great, which is an
important consideration as tube diameter
decreases.

Temperatures vary throughout the heat
exchanger as the refrigerant passes through
the various circuit branches. Branches can
be placed in the first or second row. Tubes
at similar temperatures can be placed far-
ther apart or closer together. The problem
of optimization can become a complicated
puzzle indeed. Fortunately, there are sophis-

r window units.

‘using

ticated software programs to do the hard
calculations. The software is based on the
differential equations governing heat trans-
fer and mass flow through the tube branch-
es. The design space of possible tube config-
urations can be quite large so a knowledge-
based search method is commonly used to
reduce the search space without losing opti-
mal solutions.

Design for Manufacture

Once the fin pattern and tube circuitry
has been optimized then the heat exchanger
is ready for use in the product design. The
time to market for new products can greatly
shortened by using the design principles
outlined above. Already several case stud-
ies are available on the design of optimized
heat exchangers using smaller diameter,
inner grooved copper tubes(1> 2]

Technologies for manufacturing smaller
diameter copper tubes are now available as

Evaporator Coil (indoor coil) from a Split
System. The coil employs 5-mm diameter
MicroGroove copper tubes, which resulted in
a 30 percent reduction in tube weight for the
same performance (2600W cooling capacity)
as previous models.
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well as the equipment for making coils from the smaller diam-
eter copper tubes. These technologies have been developed and
proven in the highly competitive manufacture of residential
air conditioners. The same manufacturing technologies can be
applied to a wide range of air conditioning and refrigeration
products. The only limitation is the imagination of the designer.

Supply Chain

The International Copper Association uses the brand
“MicroGroove” to promote the adoption of smaller diameter
copper tubes with enhanced surfaces. Both of these features con-
tribute to improved rates of heat transfer between the refriger-
ant and the tube walls, making it possible to use less material in
smaller, lighter evaporators and condenser coils. [CA members
supply many variants of microgroove technology, depending
on application-specific needs and market focus. For example,
the enhancements of the inside surface of the tubes vary widely
from one tube manufacturer to another. Various patterns of
inner grooves are used to further increase the local heat transfer
coefficient for the transfer of heat between the refrigerant and
the tube walls.

Round copper tubes offer several important advantages over
brazed aluminum multichannel tubes. Using round copper
tubes, heat transfer can be increased without the added costs
and risks associated with aluminum brazing. In evaporator
applications, moisture is more readily removed from the evapo-
rator coils because there are no flat tubes between the fins but
rather the fins surround round copper tubes, allowing for easy
drainage.

Durability is an issue. For most environments, copper tubes
are preferred over aluminum tubes on the basis of durability
and corrosion resistance. Copper is proven as a tube material
in ACR applications. Costly coating processes, as often required
for all aluminum heat exchangers, are not necessary. Finally,
microgroove coils can offer smaller refrigerant volumes because
the tube ends are connected by small U-joints rather than bulky
headers associated with aluminum coils.

For more information, the interested reader is invit-
ed to contact ICA member companies directly. A list of
MicroGroove contacts at member companies can be found on
the supplier directory webpage at microgroove.net. In addi-
tion, technical papers and recorded webinars are available. =
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UL is seeking Sr Design Engineers
specializing in Dishwasher or Cooking
Appliance Design!

Exciting opportunities available with our UL Verification Services team at the
UL Springboard office in Newton, lowa! Manage a variety of dishwasher and/
or cooking appliance design projects. If you have: = A University Degree in
Mechanical Engineering or applicable discipline « Eight (8) years of experience
« Experience with Design for Six Sigma, Lean

Manufacturing principals, and ProEngineer we

would like to hear fram you! For more info & to

apply, visit www.U LCareers.com

and enter IRC76359 (Dishwashers) or IRC/8535 ®

(Cooking Appliances) in the keyword search.

ance will be considered.

applianceDESIGN July 2012 25



[Advertoriall

appliance DESIGN CASE STUDY

HIGH ENERGY EFFICIENCY WITH LESS MATERIALS

Attend a MicroGroove™ webinar on the design of air
conditioning and refrigeration products using smaller
diameter copper tubes with inner grooves.

The following three recorded webinars in the MicroGroove
webinar series are available for viewing anytime for free.

The Manufacture of ACR Coils

with Smaller Diameter Copper Tubes
Presented in partnership with Burr Oak Tool Inc. and

moderated by Kyle Gargaro, this webinar

focuses on the manufacture of heat

exchanger coils. Familiar processes

for making copper tube / aluminum

plate-fin coils are reviewed; and

the evolution of coil manufacturing

equipment as the market moves to

smaller diameter copper tubes is fully

explained. View anytime; this webinar

requires registration.

Achieving Higher Energy-
Efficiency with Smaller-
Diameter Copper Tubes
The advantage of
MicroGroove technology

is clearly demonstrated through data comparisons of
products in this webinar, which is moderated by Barbara
Checket-Hanks of the ACHR News. This webinar concludes
by showing how improved heat transfer results in a system-
wide savings of energy and materials. View anytime. No
registration is required.

Small Tubes of Copper in ACR Applications

This webinar was a smashing success. Listen especially
for the lively Q&A session moderated by Mike Murphy.
With hundreds of live participants there were plenty of
guestions from the audience. View anytime. No registration
is required.

International Copper

Association
Copper Alliance

Cu

To view a past webinar or register for an
upcoming webinar visit
www.microgroove.net/webinars

DIE CUT ELECTRICAL INSULATIONS

Custom die cut electrically insulated
parts that provide high dielectric strength,
are flame retardant per UL94V-0, and are
RoHS compliant are being introduced by
Interstate Specialty Products, Inc. of Sutton,
Massachusetts.

Interstate Specialty Electrical Insulations are
digitally die cut from ITW Formex® GK which
is a flame retardant polypropylene material
that provides a high dielectric strength and
is offered in 0.005” to 0.062" thicknesses.
Suitable for a variety of applications, the parts
produced can be folded repeatedly without
cracking or splitting, are non-hygroscopic,
provide superior chemical resistance, and

according to material
grade, configuration, and
quantity. Price quotations
and material samples are
provided upon request.
Interstate Specialty
Products is a world class
leader in custom converting
and die-cutting of non-
metallic and specialty
materials. A veteran team
has specialized expertise
in serving the electronics,
industrial, medical,
scientific, transportation,

operate at up to 115°C continuous.
Supplied embossed, printed, and with
EMI/RFI shielding where required, Interstate Specialty
Electrical Insulations are available with dielectric strengths
from 1080 to 2625 V/mil per ASTM D-149 and volume
resistivity of 3.97 x 1015 ohm-cm per ASTM D-257.
Applications include appliances, auto-motive, battery
packs, circuit boards, instruments, and wire harnesses.
Interstate Specialty Electrical Insulations are priced
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and water filtration
markets.

Interstate Specialty Products, Inc.
Phone: (800) 984-1811

Fax: (508) 234-5558

Email: sales@interstatesp.com
Website: www.interstatesp.com
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the micragroove. advantage

IT’S A GAME
CHANGER
0 [ - MicroGroove™ technology
Smaller is changing the game of air
diameter Cu Inner conditioning and refrigeration (ACR)
+ubes Grooves OEM product design.

OEMSs are going back to their
\ / drawing boards. They are designing
ACR products with high energy-
More Heat efficiency, while minimizing

Transfer materials usage and reducing
refrigerant volume.

The resulting ACR products
are smaller and lighter yet can
be produced using familiar
manufacturing methods.

Less
Mp\-l-gxials It's a whole new game!
See technical presentations
/ \ at international conferences:

Reduced
Rvai'gme-

olume,

Gustav Lorentzen Conference
June 25-27, Delft, Netherlands

Purdue Conferences
July 16-19,

West Lafayette,
Indiana

For more information, visit
www.microgroove.netlevents

International Copper
CU Association
Copper Alliance







