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The purpose of this memo is to highlight some of the commissioning and operational issues we have
encountered in our experiences with VRF systems on the UC Berkeley Campus. To some extent, it is
the narrative for the PowerPoint | forwarded previously, so the two complement each other. Thus, |
have included a copy of the PowerPoint slides as an Appendix and will reference them for illustrations
rather than reproduce the illustrations.

If you are reading this memo in the electronic version, the table of contents below can be used to move
around quickly in the content. Click on the topic of interest in the contents list below and you will be
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came from™.
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Introduction
Related Slides — 1 through 5

Slides 2 and 3 present FDEs corporate and my personal biography in the context of VRF systems. In the
United States, the VRF approach is a relatively new player in the HVAC industry and as commissioning
providers, we have just started to see these system reach the field. Thus, it is important to recognize that
the information and recommendations that follow are from the field vs. the design perspective, and that
they are based on limited exposure during construction, start-up, commissioning, and
retrocommissioning of VRF systems in a number of facilities over the course of the past year to two
years. In other words, they are based on experience with tens of units and systems vs. hundreds.

Having said that, at their core VRF systems amount to field erected refrigeration systems consisting of:

B Fan coil units, typically including variable speed fans, that serve the loads with a direct expansion
coil that can be used to heat or cool;

B One or more condensing units? that reject unneeded heat to atmosphere, which at a fundamental
level, are very similar to conventional condensing units;

B Interconnecting piping, which must be designed and installed just like refrigeration piping serving
any other refrigeration system; and

B A control network and refrigerant distribution controllers, which orchestrate the operation of the
system.

It is in the distribution controllers and control system algorithms where much of the “magic” of the VRF
technology lies.

My point in bringing this up is to say that thus far, the issues we encountered were not really with the
VRF technology; i.e. the “magic” in the control algorithms and distribution controllers. Rather, they
were with the application and implementation of the technology. That is to say that most of the issues
are similar to the issues we see on virtually all of our commissioning projects. This is the point of the
two bulleted lists on slide 5.

Overview of the Technology

To expand a bit on the bulleted list in the preceding section, VRF systems use distribution controllers
and control algorithms to allow multiple evaporators in a direct expansion system to be served by a
central condensing unit(s)®. In and of itself, serving multiple evaporators with one or more compressors
and condensers is not a new idea. You can find examples of it in things like the Trane Refrigeration
Manual with publication dates in the late ‘60’s and early 70’s (if not earlier; those dates are the ones in
my copies).

What makes the VRF technology unique is that active techniques (the distribution controllers) vs.
passive techniques (the physical piping configuration) are used to control how refrigerant flows around
in the system. This active approach to refrigerant distribution allows heat that is rejected in one zone to
be used in another zone where heat is required and also allows significant turn-downs in capacity to be
achieved.

2 Multiple units can be ganged together or “twinned” to increase capacity.
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As a result, the systems can approach the flexibility and performance of a chilled water system but
without the added complications and energy burdens of distribution pumps. However, the VRF
technology itself is not without complications and limitations.

The distribution controllers are technically complex devices, containing multiple solenoid valves,
check valves, electronic expansion valves, heat exchangers and solenoid valves, all controlled by
proprietary software algorithms. Perhaps the best way to gain some insight into this is to take a look
at slide 10 and the link it contains.

This technology tends to be located in congested ceiling spaces. The implications of this are
discussed further under Access and Serviceability.

The turndown capability is not infinite, although infinite turndown seems to be the perception unless
you have had some experience with the systems; certainly it was mine until I started working with
the equipment. In general terms, at the zone level, you can anticipate turning down to 20-25% of
rated capacity and at the system level, 20% or so. The implications of this are further discussed
under Design Integration.

The distribution piping contains refrigerant (vs. water in a chilled water system). Thus the
implications of a leak are significantly different. This is further discussed under Refrigerant
Considerations.

Because the distribution piping contains refrigerant, the installation practices are different and more
stringent than what would be required for installing chilled water piping. This is further discussed
under Installation Considerations.

Like chilled water fan coil units, the VRF fan coils are more attuned to addressing space heat gains
and losses rather than the challenges associated with handling ventilation air. This can present a
number of design challenges, which are further discussed under Design Integration.

Strict interpretation of industry leading energy codes like California’s Title 24 and ASHRAE
guidelines will mandate that the VRF fan coils units include an economizer process. Since the VRF
manufacturers are in the VRF business, none of them manufacture an economizer. Rather, they rely
on after market, third party solutions, which can present integration challenges. While this will
likely not be a major concern in hot and humid environments like Hawaii, I will touch on the issue
under Design Integration to ensure that the issues are recognized if the topic comes up.

The technical complexity of what is being managed by the (proprietary) VRF control systems must
mean that they “know” a lot about what is going on with the zone, equipment and system. However,
experience to date indicates that not much of this information is available for “sharing” across an
interface like BACNet or LonTalk. As a result, from the perspective of an Operator Work Station
(OWS) serving the central control system of a facility with VRF systems in addition to other, more
conventional systems, there is a lot that you cannot see or control. While there is probably merit in
minimizing access to critical control functions inside the VRF equipment, being able to at least see
what is going happening, including the diagnostics that are running in the VRF control platform
would seem to be desirable. And, even for basic functions like scheduling and set point adjustments,
there can be challenges on a number of fronts, which will be discussed under Control System
Integration.
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The bottom line (and this is an opinion vs. an industry consensus) is VRF systems likely represent an
attractive design alternative in certain situations. But they are not a panacea and certainly are not
without their issues and limitations. Thus, like any other HVAC strategy, they require careful attention
to the details of the application and design, in terms of the dynamics of the loads served, the capabilities
of the craftsmen and operators charged with implementing and maintaining them, and the constraints of
budget.

Access and Serviceability
Related Slides — 6 through 26

By their nature, the final control elements in an HVAC system, be they a Variable Air Volume (VAV)
terminal with reheat coil, a fan powered VAV terminal, a chilled water fan coil unit, or a VRF fan coil
unit, all will tend to be installed at or near the zone they serve. Frequently, the installed location is in the
ceiling space of the zone or an adjacent space.

This can introduce a number of challenges with regard to the long term servicing of the unit including:

B Access challenges created by the use of the space. Slide 6 and 7 are of the same space before and
after finishes. What you can’t see in slide 7 is a very high quality conference table that fills the
entire room and cannot be removed from the space without disassembly. This means that to service
the VRF terminal shown in slide 6, you will be working off a ladder that cannot be conveniently
located over a table that is probably worth more than your house in the Law School Dean’s
conference room (think about that for a minute). In addition, the very nice looking ceiling requires a
special service tool to remove the ceiling tiles, which is delicate in nature and tends to break after
about the 3 or 4™ tile you remove.

B Out of sight, out of mind challenges; i.e. if you can’t see it or hear it, you forget that it’s there and
that you need to maintain it until it fails. The most likely thing to require relatively frequent service
in a fan coil unit (VRF or otherwise) and/or a fan powered terminal unit is the filter. You probably
are going to need to replace it every 6 to 12 months, even if you have to do nothing else to the fan
motor and its related variable speed controller, the cooling coil drain pan, and the controls.

B Related to the preceding, detecting a failure can be a challenge since it is often based on the zone
occupant’s perception of comfort. HVAC processes can be insidious in that they can fail in a very
energy intensive manner and still deliver a comfortable (or at least tolerable®) environment.

For VRF systems, these issues are compounded by the fact that the VRF fan coil unit is probably at the
high end of the spectrum in terms of complexity when compared to other technologies, with a simple
(not really, but sort of) VAV terminal representing the low end. A VRF fan coil (or any fan coil and
also a fan powered box) is basically a little tiny air handling unit sitting above the ceiling with all of the
maintenance requirements associated with an air handling unit but with limited access as compared to a
mechanical room or even a rooftop location.

In some facilities, there is a somewhat low expectation of HVAC performance. Tenants may tolerate comfort conditions
that fall well short of design goals for a number of reasons including nobody paying attention when they complain,
things being better than the last place they were, and things getting worse instead of better if someone responds to their
complaint
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Complicating all of this for VRF systems is the fact that the fluid pumped around is a refrigerant, not
water which has a number of implications in terms of the hardware that will exist at the fan coil units
(expansion valves vs. a control valve), leakage, and piping techniques, all of which will be touched on
further later in the memo.

This issue can be compounded by the fact that the manufacturer’s access recommendations (or the
interpretation by the design team) may not reflect the reality of servicing the equipment in an actual
installation. In other words, you could comply with the letter of the manufacturer’s recommendations
and still find yourself in a world of hurt in a real service situation if you for instance:

B Had to access the side of the distribution controller that was opposite the access hatch with only 3 to
4 inches of space available above the unit, 8 to 10 inches of space available on either side of the unit
and 8 to 10 inches of space available below the unit.

B Had to service a unit that was 10 feet above a hard ceiling that was 12 feet above the floor via an 18
inch by 18 inch access panel.

B Had to braze in a new expansion valve into the guts of a distribution controller above a ceiling with
limited access;

B Had to remove a branch controller that was bigger than the ceiling access panel size specified by the
manufacturer.

Slides 13 — 26 endeavor to contrast what the installation manuals from one manufacturer show vs. the
reality of installed equipment and some of the service procedures that might be required. Note that a lot
of the pictures used to illustrate the manual are taken from a perspective that would be virtually
impossible to obtain in the field if the units were installed per the manual.

This takes you to the installation manual recommendation illustrated in slide 24 about dismounting the
unit from the ceiling which involves breaking 22 line sets, a condensate drain, power and control wiring,
and then pulling the unit out through a hole that is smaller than it is.

Installation Considerations
Related Slides — 27 through 41

The practices required to install the refrigeration piping for VRF systems are no different from the
practices used for any other refrigeration system. But, a fitter who is a great chilled water piping
installer may not be a great refrigeration piping installer without proper training, equipment, and
support.

Our experience so far has been that even “factory trained” technicians take short cuts that violate both
good practice in terms of refrigeration piping (cleaned and capped piping, nitrogen purge, etc.) as well
as the instructions in the installation manual (which are basically the same as the recommendations you
would find just about any place for installing refrigeration piping). Slides 27-30 illustrate what we are
seeing happen out in the field.

All of the preceding aside, R410, which is a common refrigerant in these systems, is relatively new to
the field. I will touch on the refrigerant specific issues in the next section, but in terms of installation,
there are details associated with installing an R410 system that are subtle but significantly different from
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way R22 systems, for instance, are installed which may not be recognized by field technicians who have
not worked with the refrigerant before.

B The technical specifications for the flares required by R410 systems are slightly different from R22
flares. The differences are fractions of a millimeter if you think of them in terms of the diameter of
the finished flare. But if you do the math, they amount to significant differences in the seating area
provided by the flare; 8-17% more surface area. There is probably a reason for that related to the
significantly higher pressures that an R410 system operates at when compared to R22 (see slide 32).
| got a bit obsessed with this at one point and researched it and then wrote a fairly long memo on the
details, which I have included in Appendix 2 — Flare Joints if you want to know more.

B Because of the higher pressures, a flaring tool that rolls the flare vs. pressing the flare will produce a
better joint. But making the recommended rolled flare requires a different type of flare tool from the
one that most techs probably carry in their tool set.

B Good practice and the manufacture’s recommendations indicate that the flares should be lubricated
with refrigerant oil before tightening them. The problem is that if you did not use R410 oil, you
would contaminate the refrigerant system, causing early failures. R22 oil is totally incompatible
with R410 (and vice versa | think). In fact, all sources | looked at recommended that you have a
totally separate set of tools for R410 to guarantee that you did not contaminate the system with oil
from a different type of refrigeration system.

B The manufacturer’s literature recommends a very specific torque for the flare nuts and the use of two
wrenches for making up flare joints. If you look at some of the pictures in slides 36, 38, and 39, and
recognize that the flare nuts are right next to the distribution controller box, you will probably begin
to appreciate how difficult this might be to actually accomplish. At least one installer who we know
and respect concluded that they were better off making up the flare joints to the branch controller on
the bench before they hung the controller. The bench mounted pipe was configured to place the field
joints further out in the piping system where they had more room to work. Even though the practice
added a brazed joint to the system, they came out ahead because they experienced fewer leaks at the
flares when they tested the piping system and prepared it for charging.

One of the things that concerns us about the preceding list is that the issues that are created by improper
installation (sludge and acid in the refrigerant oil, minor leaks, corrosion, motor problems) may not
(probably won’t) show up until after the warranty runs out. This means the Owner will be faced with
dealing with issues that really are consequences of poor installation practice but will have no recourse to
seek compensation from the installer who was responsible for the problem. As a result, we believe that
construction observation and rigorous testing and documentation of how the piping is installed will be
critical for these systems.

One piping issue that we did not witness directly but are aware of is related to the expansion of long runs
of copper piping as they go through the temperature changes associated with operating these systems.

By their nature, these systems can have long runs of copper pipe. Given copper’s high coefficient of
thermal expansion and the temperature swing the system can see, long runs that are not properly
anchored, guided and installed in a manner to accommodate expansion can flex to the point of failure,
tear anchors out of walls or shift walls that are more securely anchored to the pipe than the surrounding
structure.
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Again this is nothing that is directly the result of using VRF systems; it is just an issue that is not
recognized at this point by the teams installing the systems and thus leads to problems that are then
blamed on the VRF technology. But the reality is that any copper pipe (like one carrying hot water for
instance) that goes through a temperature change requires consideration with regard to how it is
installed, guided, and restrained to deal with the anticipated expansion.

Refrigerant Considerations
Related Slides — 41 through 45

There are a number of things that come up with R-410 systems that may not come up with more
conventional refrigerants. One is that R410 is actually a blended refrigerant (a mix of one or more
refrigerants; in this case a 50/50 blend of HFC-32 and HFC-125). Technically, as | understand it, R410
is classified as a “near azeotrope” (see slides 43-45).

In practical terms, what that means (again, as | understand it) is that if you have a leak, you could lose
more of one of the refrigerants in the blend than the other, which shifts the performance of the blend. In
turn, that means if a leak is large enough, you will need to remove the charge and then recharge the
system to restore design performance. This contingency can come up for a number of reasons.

B One is that you simply have a major leak resulting in a significant loss in the refrigerant charge.

B The other is that you have a new contractor connecting to an existing branch controller installed by a
different contractor to expand an existing system. The new contractor may (with some justification)
claim that they are reluctant to connect to the existing piping network without removing the charge,
re-testing the piping existing piping system for integrity, re-evacuating it and then re-charging the
system. This can represent a significant and unanticipated expense.

Leaks in refrigerant systems can be less obvious than leaks in say, a chilled water system. Compare
dumping a gallon of water on your desk (which is what might happen if a chilled water system were to
develop a leak) with the oil film that might appear on the pipe and fittings adjacent to a leak in a
refrigerant line located in the ceiling space above your desk. In both cases, you lost your working fluid.
But in the former case, it is probably a lot more obvious than it is in the latter case to the casual
observer, a.k.a the tenant, by whose complaints we frequently judge the success or failure of our HVAC
designs.

From a code standpoint, in at least one jurisdiction, we have had the authority insist that ventilation be
maintained 24/7 for any zone where-in a R410 line is contained. This means that even though numerous
non-VRF zones in the facility are unoccupied, we cannot shut down the air handling system providing
the make-up air because the non VRF zones have VRF piping passing through them.

As far as | know, R410 is not considered, technically, to be more dangerous than, say R22. But it is
being treated differently from an installation where R22 lines run through the occupied space by this
particular authority. | have not actually dug back into the ASHRAE/ANSI standard that governs this to
see what | think it means, but in this particular instance, what I think it means is irrelevant because it is
what the authority having jurisdiction thinks it means that matters in terms of getting an occupancy
permit.
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Control System Integration
Related Slides — 46 through 67

In our experience to date, the control system integration issues show up on two fronts. The most
challenging is the integration of the VRF equipment with an economizer process, which is required by
the letter of the law in California, and maybe other states. As mentioned previously, the VRF
manufacturers defer the responsibility of this to aftermarket vendors, and the aftermarket vendors to not
seem to understand the details and nuances of the VRF control systems. They really just put together a
package of parts with a generic wiring diagram that is a statement of intent that likely will not match the
specifics of the parts supplied and the VRF equipment. A lot of getting it right is left to the discretion of
the installer, who is probably being pressed to complete things in a hurry. So things end up a bit
dysfunctional.

Since economizers are probably not a big issue in Hawaii (i.e. you don’t use them because of the hot and
humid conditions), I will not dwell on that. But if you are interested, | have included an e-mail
discussion I had with a VRF vendor who was about to enter the market who had seen a copy of the VRF
slides | did and asked me about the details.

Most commissioning process, including ongoing commissioning rely heavily on trending. For VRF
systems, the trending required is complicated by the fact that many of the points you would want to use
are not visible via the BACNet interface to the VRF control system or are not available as outputs from
the packaged control system on the economizer, or both.

This makes the concept of using a small controller from the site wide control system product line to
provide the economizer functionality and integration with the VRF fan coil desirable. And, including
such a controller even if there is no economizer to simply monitor key parameters and control the
ventilation air damper (a function which may not be supported by the VRF manufacturer) so that some
diagnostics can be performed without having to access the unit in a potentially difficult location could be
desirable and cost effective. Potential monitoring points might include filter status, mixed air, return and
discharge temperatures and maybe even surface temperatures on refrigeration lines, which are an
indicator of the pressures. Depending on the points selected, it may be possible to use one controller to
integrate multiple VRF fan coils.

The other area where control system integration issues showed up for us is related to how the available
points in the VRF system are mapped across a BACNet interface for use by the site-wide control system.
There would seem to be two elements to this.

1. The proprietary control systems that orchestrate the VRF systems have a lot of information
available. But not much of this information is available for transfer across the BACNet interface.
So, while you can probably implement a schedule across the interface, you cannot see much about
how the VRF units are operating (refrigerant pressures, diagnostics, etc.) across the interface. Nor
can you see the fairly sophisticated diagnostics that are running on the VRF control platform.

2. As is the case for any BACNet (or other) interface, the specifications need to clearly define that all
of the available points be mapped across the interface. Otherwise, basic, very useful things, like the
ability to schedule a unit, may not be available from the central control system (without paying for a
change order).
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Design Integration
Related Slides — 68 through 75

There are a number of design integration issues that have become apparent to us over the course of our
limited exposure to VRF systems.

1. One is that designers appear to view the VRF technology as more of a packaged solution than a
designed solution and directly or indirectly delegate a lot of the design details to the vendor and
installing contractor. While the details of how you run the refrigeration lines, locate d controllers,
combine fan coil zones with distribution controllers, combine condensing units, etc. are all very
vendor specific, and thus require significant input from the vendor, there are other design issues that
require a very specific response from the designer.

Examples include integration with an economizer process, which the vendors will literally say is not
something they do, even though the failures of poor economizer integration will be blamed on them.
Integration with the site wide control system and the ventilation system are other areas requiring
more designer input than a note on a schedule and boiler plate specifications.

2. Ventilation air for VRF systems tends to be provided by a separate, independent system. The
performance requirement(s) for the outdoor air system needs to be closely coordinated with the
requirements of the VRF system. For instance:

i.  Make up systems tend to pressurize the Outdoor Air (OA) supply duct to the VRF systems
(vs. having the system draw air from an outdoor air intake, which makes the duct negative
relative to the area served). So, if one VRF system shuts down while others served by the
OA supply unit remain in operation, the OA damper for the VRF unit needs to be closed,
otherwise, the OA system will blow air through the unoccupied zone, which may or may not
be useful. And, the OA system needs to be able to back off in response to the reduced
requirement for ventilation to preserve the over-all efficiency of the system.

ii.  The OA system needs to temper that outdoor air in a manner that ensures that it is introduced
to the VRF systems at conditions the VRF systems can deal with. VRF systems, for
instance, may not be able to deal with heavy dehumidification loads.

3. Sometimes, the ventilation air system also becomes the source of outdoor air for all operating
modes, including the economizer process. And the designated ventilation air system may serve other
conventional zones, especially if an existing system was used. In the case of at least one project, the
ventilation system served VRF systems and also previously existing constant volume reheat zones
that were outside the scope of the VRF project.

As a result, someone needs to decide if the needs of the VRF systems “trump” the needs of the
constant volume reheat zones or vice versa. For instance, a colder supply air temperature generally
will minimize the energy required by the VRF systems since the refrigeration will not need to run to
provide cooling as much as it would with warmer supply temperatures. But, colder supply
temperatures can work against the energy efficiency of a constant volume reheat zone.

In at least one instance, the design team left it up to the commissioning provider to figure this out.
On the bright side, this is ultimately the best approach since you end up asking the building to tell
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you what the right set point it. But, making an informed decision requires a lot of field testing and
trending, which may not be supported by the project commissioning budget.

4. As mentioned previously, there seems to be an impression in the design community that VRF
systems have an infinite turn-down capability; at a the zone level, the limit is probably 20-25% of
rated capacity. If the load drops below that point, then the zone fan coil will probably start to show
temperature swings vs. modulating the capacity to match the load (see slides 68-69).

Truth be told, most chilled water systems probably have a similar limit. But, because of the thermal
inertia represented by the piping system and the water it contains, for a system that is large relative
to any given load, the loads can probably seamlessly modulate from full capacity to zero as long as
only a relatively small percentage of them attempt to do it at the same time. In other words, the
thermal mass of the system allows a small percentage of the zones to achieve near infinite capacity
modulation.

This is not the case for VRF systems. As a result, terminal units that are oversized will short cycle at
low loads and deliver space conditions that swing significantly. This will tend to drive the occupants
crazy for a number of reasons. If (for instance) it results in ruined research (as was the case at a
Physics lab building on a major University campus) the pressure on the facility engineering
department to do something different (or not have done what they did) can be significant. In less
demanding occupancies, it can still result in occupant dissatisfaction that manifests itself as, say,
smashed thermostats.

Frequently, we believe this happens because the potential ultimate load is unknown. In other words,
the future tenant, when asked about what the load might be in their space, indicates that they
probably will initially be reading books about nuclear reactor design. But at some point in the
future, they may decide to build a small working nuclear reactor based on what they read.

As a result, the design team sizes the VRF unit for the nuclear reactor, meaning that even if the VRF
unit is turned down to its minimum capacity, it will still exceed the current (reading books about
nuclear reactors) load and will start short cycling.

If the actual working nuclear reactor never materializes, then there are a number of unfortunate
Issues.

e Funds were expended for machinery and the infrastructure to support it that were not necessary
to serve the real load. In other words, you put in 4 tons of capacity to serve a load that was 1 ton
now and forever more.

e The oversized equipment short cycles, which means the space temperature swings significantly.

e The oversized equipment short cycles, which means it wears itself out much more quickly
compared to what would happen if it could meet the load and operate in some sort of steady state
mode.

Conclusions and Recommendations

Based on our experiences to date, as outline in the preceding discussion, our conclusions and
recommendations are as follows:

Northwest Satellite Office 8560 North Buchanan Avenue, Portland, OR 97203 Phone (503) 320-2630
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B Many of the field issues we are seeing with VRF systems are really no different than the field issues
we see with any type of HVAC equipment. You still have to properly design and install the system.

B The VRF technology itself seems mature and reliable if properly applied and implemented. Thus it
may represent a viable design option for some situations.

B By their nature, VRF systems will tend to place some fairly complex technology (the distribution
controllers) in locations with difficult access. As a result, we think there may be merit in rethinking
how you go about installing distribution controllers. For instance, as an industry, we justify server
rooms, telecom closets, and electrical closets to address the service and modification requirements
associated with our electrical systems. Maybe it makes sense to consider providing “distribution
controller rooms” that would allow these devices to be installed in a manner that made them more
readily serviceable in the event of a malfunction or the need to add a zone. | suspect there are some
piping issues that would come up if you did this, but I also suspect you can engineer your way out of
them.

B Pay close attention to the piping installation techniques and testing during construction. Include
thorough documentation of the process as it may be a valuable tool for demonstrating the integrity of
the existing piping network to a new contractor charged with expanding the system who is reluctant
to risk having his work (and reputation) contaminated by the substandard work of a previous
contractor.

B Maintain complete records of all refrigerant charging operations for reasons similar to those listed in
the preceding bullet.

B If economizers are desired or required, think carefully about their integration and implementation. It
may make more sense to use a small controller from the site wide control system product line to
implement the process and integrate it with the VRF unit rather than using the package controller
offered by most of the third party manufacturers.

B It may also be desirable to include the controller mentioned above in non-economizer situations to
support functions not supported by the VRF control system like controlling the ventilation damper
and trend analysis.

W It may also be desirable to not close-couple the economizer (if used) to the VRF unit, providing
some duct, perhaps with an elbow or two between the two to promote mixing and ensure that the
mixed air temperature that is used really represents the true mixed air temperature. If you get this
crucial economizer controller input wrong, then you might as well not have done the economizer
because it could be working against energy savings instead of providing it.

B Bear in mind that one of the potential benefits of many VRF technologies is that they can use
rejected heat from one zone (for instance, a core zone or a perimeter zone experiencing a heavy solar
load on a cool day) to provide heat for a zone in the same distribution network that is experiencing a
net heat loss. If you put an economizer on the VRF system, then the energy will not be recovered
and while you might save on cooling, your heating costs could end up being higher than they need to
be.

B Pay careful attention to the integration of the ventilation strategy with the VRF technology,
especially if you are using economizers and especially if the system providing ventilation and
economizer air to the VRF systems also serves other zones using other technologies like reheat.
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B Pay careful attention to the installation of the VRF piping and equipment. They are field erected
refrigeration systems most of which use a blended and relatively new to the field refrigerant. They
require specialized tools and skills relative to what might be required to install chilled water or even
more conventional refrigeration systems.

B Pay careful attention to the specification and implementation of the control system and its integration
with the site wide automation and control system, including the definitions of what objects should
be mapped across the BACNet (or other) interface.

B Carefully consider the real load and load profile (both seasonal and daily) that the equipment will
see. It can be very undesirable to let a large anticipated load that may (or may not) exist at some
point in the future determine the capacity of the equipment you install. Know what you don’t know,
meaning:

e You don’t know what the future load might be, so don’t size the new equipment to serve it, size
it for what you do know, which is the current load.

e You don’t know what the future load might be, but you know that it could potentially be
significantly larger than the current load. So, make sure that your current design accommodates
that contingency in its infrastructure; maybe you install extra line sets installed to the zone along
with retaining space for a larger (or additional) zone fan coil unit but only install capacity for the
current load.

B Design the system rather than delegating the system. While the details of the VRF technology can
be very vendor specific and require a lot of vendor input to ensure that the piping is sized and
installed properly, there are other important design issues that need to be proactively addressed by
the engineer of record.

Hopefully this provides a “lessons learned” perspective on the application of VRF systems. | think they
have their place, but you still have to think about how you go about applying them, just as you do with
any technology.

120

Senior Engineer — Facility Dynamics Engineering
DAS/tbm
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Appendix 1 — PowerPoint Slides from VRF Systems — The Good, the
Bad, and the Ugly; The Commissioning Provider's Perspective
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VRF SystemS' The David Sellers, PE, Senior
' Engineer
GOOd’ The Bad and The Facility Dynamics Engineering

Ugly NW Satellite Office
www. FacilityDynamics.com

The Commissioning
Perspective

VRF SYsTEMS: THE GOoD, THE BAD AND THE UGLY JUNE 2 2011


http://www.facilitydynamics.com/�

The Commissioning Provider’s Perspective

Corporate Perspective

Early Commissioning Providers

Limited VRF Exposure
Some Daikin and some Mitsubishi

No tests developed in our
commissioning database

One system designed by a senior
engineer in a past life (about 15
years ago in the Air Force)

Several people “can hardly wait” to
get inside a branch controller/point
of change-over

On person about to take factory
training

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE



The Commissioning Provider’s Perspective

Personal Perspective

e One new construction and one
retrocommissioning project with
Mitsubishi VRF equipment (both
current projects)

e Exposure to built up direct
expansion systems since 1976

o Dual mode system serving an
ice rink in winter and building
loads in the summer (See
Mentoring Field Technicians; A
Learning Experience for
Everyone Involved;
Proceedings - NCBC 2009)

o Various commercial and
process projects

Early Commissioning Providers

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE



Commissioning Process Goals

New Construction Retrocommissioning* (MBCx
program context)

= Verify: |
* Installed performance |
e Design intent achieved
 Enable persistence
o Documentation
e Commissioning record
« System Manual
o Train the staff
= Try not to go crazy
= Have fun

Develop facility baselines

|dentify and assess energy
efficiency opportunities

Coordinate with the Owner to
Implement improvements

Verify goals are achieved

Enable persistence

e Documentation
o Pre and post baseline reports
o Train the staff

Have Fun

A.K.A. Existing Building Commissioning, EBCx, RCx,
Recommissioning, Monitoring Based Commissioning,
Building Tune-up, and, when I first started, operating the
building properly

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE



Typical Issues

Cx/EBCx

Access/Serviceability
Occupant satisfaction

Installation does not comply with
Manufacturer or industry standards

Implementation of complex
technology difficult to achieve in
real world environments

Installation does not reflect design
intent

Integration

e Optional/2"d party equipment
e Other HVAC processes

e Control systems
Persistence

VRF Experience to Date

Access/Serviceability
Occupant satisfaction

Installation does not comply with
Manufacturer or industry standards

apleraentaten-steempiese
. e o .

~Fealwerld-ervirenmerts—
Installation does not reflect design
intent
Integration

e Optional/2"d party equipment

e Other HVAC processes

e Control systems

Persistence

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE
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Access and Serviceability
After Construction
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Simple Constant Volume AHU System Diagram

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE



VRF System Diagram

i Electronic expansion valve, variable speed

fan, filters, economizer dampers and related
controls above a 10 foot semi-hard ceiling

Ceiling plenum, shafts, and other
building structure provide relief

-_l path
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The Actual VRF System Diagram

To existing constant
volume reheat
zones 10



\

Filter Acces

Filter Access Door:
Typical access interval
* Open once every

6 to 12 months to
change filters



DDC Panel:

Typical rewire and/or
recommission interval
* Onceeverybto
12 months if
mounted on filter

access door
Once every 6 to
12 years if
mounted
somewhere else

: b L)
- £ - VA <
.,:‘ g 4 \ —

A -
- s
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’t http://www.mylinkdrive.com/CityMulti/Software/CM_Refrigerant_Flow/
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J BC Controller (A) - - ——— - ———— — -~ | I
I |
I i Strainer |
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I
| |
| Strainar |
IH GaslLiguid |
| '
I
I : 1
| Hl2 | |
I | |
I | HIC-A | :
I
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I : § THI I :
| PS1 b Sirainar Svmt |_]—_ _________ :
I
| XX |
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| LEv2 !
I | PS3 b ! |
I : |
| I
: I
Solenoid Valve Block I | , > | :
(BC Controller) | Hes : ! | -1
| P it
The BC Controller solenoid valve block, as its name I | THIS : —K— |:
suggests, is comprised of a series of solenoid valves I sviz Ll P vTA "
used to control refrigerant flow through each individual : el R d | : | I
indoor circuit based on the operational mode selected I | N s Check Valve Blockl
for that indoor unit. I____________-,__=_'_ ________________________
L} Liquid Pipa BI
I L—{}- Gas Pipa LP. Side:>TD BC Controller "
L— |} Gas Pipe (H.P. Side)
Tiode R
Cooling | Heating | Stopped | Defrost Superheated Discharge Gas
SV_A ON OFF OFF OFF = Saturated High-pressure Gas
Part SV B OFF ON OFF OFF T
5\_;_(: oM OFF OFF OFF —— SUbCOOIed L|qu|d . ) S 8
e Saturated Low-pressure Liquid 8
Image courtesy Mitsubishi Refrigerant Flow = SUperheated Suction Gas
Demonstrator; Used with Permission Compressor Oil @
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2.3. Securing installation and service space

1. For hanging from the ceiling

m (This is a reference view showing the least installation space.)
Q) [Fig. 2.3.1] (Unit: zaa
<Top view> [?'2-{‘3'?8] 8
Recommended \
access opening — N 5
. ” Pl g
nominally 18 5
18" © g2 &
— “3
Bl —
n — &
] I =
p= &
E[ -@ ]I g
uoououuotuuuouuuy
INDOOR UNIT SIDE s
200
[7-7/8] A
<Front view>
Image courtesy l N
Mitsubishi FAARARAAAARRARARRR ©
PRUY Service E‘% fa¥a¥a¥a¥a¥a¥a¥aTala¥aTalaYalala) (o 18_;@
Instruction; N [ m— e
Used with
Permission @ Inspection hole ® On the side of outdoor unit piping

8.26x 11.69in 4|

© Control box

+ —

0

On the side of indoor unit piping

Less than H=50 m [164 ft] (when the
Less than H1=40 m [131 ft] (when tt
Twmnmg p|pe (forY Series) CMY-Y1

2 _B160-J: optior
JinL 4 @)

- |j anch hole
NEE n;z == g\m 30 (but sarr
: FAE ‘, LRS .‘,.nt ](1om[32

[N

Small to medium
technical person - 20”

DEUNONG)

(H)

Between indoor units and BC controllel

Between Above outdoor unit
indoor and
outdoor units Below outdoor unit

Between indoor units and BC controllel

Difference of elevation

Between indoor units
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1A PURY PUHY-P72~234T6MU-A_Sorvics_Manual.pdf - o Iﬁllﬂ
File Edit Vie [ i Fi T x

Create ~ Nt selection

= Branch Controller Service Procedures

= | Sticky Mote

(=i
W
L

LA T —_ — = E -

B (1) Service panel

*Special care must be taken when replacing heavy parts.

1]

Work procedure Explanatory figure

1.Remove 2 lock nuts on the control box, loosen 2 lock nuts,
and remove the control box.

2. Removg 4 fixing screws on the service panel, and remove Loose Service panel Ceiling panel
the service panel.
3.Remove 9 machine screws on the ceiling panel, and re- éj B ‘\l 1
move the ceiling panel. c:[l E
? ]

Control Box J

(2) Control box Image courtesy Mitsubishi PRUY Service Instruction; Used with Permission

Work procedure Explanatory figure

1.To check the inside of the control box, remove 2 lock nuts
on the control box cover.
(1) Check the terminal connection of the power wire or of the
transmission line.
(2) Check the transformer.
(3) Check the address switch.
2.WWhen the control board is replaced, the followings must
be noted.
(1) Check that the board type is NU-G,NU-GA, or NU-GB.
(2) Check that the wire or the connector is not incorrectly
connected, not disconnected or not loose.
Note:
It is not required to remove 2 fixing screws on the con-
trol box when checking the inside.

CMB-1016NU-G, 1016NU-GA

8.50%1.00in 4]
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= Branch Controller Service Procedures

| |EXLEQILS 1]

[—1
e Create ~
L

” e

= ) QUICT PIpergd JIPE 1B Jerdiurea LEL,I_[U'[‘IJ

*Special care must be taken when replacing heavy parts.

Work procedure Explanatory figure

1.Remove the service panel.

(1) For TH11, TH12, and TH15, refer to (1)-1.2.

(2) For TH16, refer to (1)-1.2.3.

2.Remove the lead wire of the piping sensor from the control
board.

(1) TH11,TH12 (CN10) TH16

(2) TH15,TH16 (CN11)

3. Pull out the temperature sensor from the temperature sen-
sor housing, and replace the temperature sensor with the
new one.

4.Connect the lead wire of the temperature sensor securely

on the control board.

CMB-1016NU-GA

8.50%1.00in 4]
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= Branch Controller Service Procedures

= | Sticky Mote

(=i
W
L

LA T —_ — = E -

&
&

(4) Pressure sensor

Work procedure Explanatory figure

1.Remoaove the service panel.

(1) For the pressure sensors PS1 and PS3, refer to (1)-1.2.

2.Remove the pressure sensor connector in trouble from
the control board, and insulate the connector. E

(1) Liguid-side pressure sensor (CNP1) E

(2) Intermediate-part pressure sensor (CNP3)

3. Attach a new pressure sensor to the place which is shown
in the figure, and insert the connector to the control board.
Note: When gas leaks from the pressure sensor, repair

the leak, and follow the instructions above if re-

quired.

LEV2 TH16 PS1

Z TH11 slam am
Ps3 !

TH12

*For NU-G-type, there is no SVM2.
CMB-1016NU-GA

8.50%1.00in 4]
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File Ed

=5 Branch Controller Service Procedures

= | Sticky Mote

[—1
e Create ~
L_J

(5]
I X Troubleshooting ]

8 (5) LEV

Work procedure Explanatory figure

1.Remove the service panel.(Refer to (1)-1.2.3.)

LEV2  TH16 PS1
ZTHIT fam.m

E

Note: Secure enough service space in the ceiling for
welding operation, and canduct the work carefully.If
required, dismount the unit from the ceiling, and

conduct the work.

TH12 TH15 SVM1

) L . . *For NU-G-type, there is no SVM2.
Image courtesy Mitsubishi PRUY Service Instruction;
Used with Permission CMB-1016NU-GA

(6) Solencid valve

*Special care must be taken when replacing heavy parts.

‘ Work procedure Explanatory figure
o

1.Remove the service panel.(Refer to (1)-1.2.3.)

2. Remov? the connector of the solenoid valve in trouble.
8,50 % 11.00 in




2 _REIMOVe Ine conneclor Or ing _soienoia vaive in mouoie. 1
8,50 x 11.00 in 1
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I X Troubleshooting ]
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(5) LEV

Work procedure

1.Remove the service panel.(Refer to (1)-1.2.3.)
2.Replace the LEV in trouble.

welding operation, and conduct the work carefully.If
required, dismount the unit from the ceiling, and
conduct the work.

<Top view>

(700)[27-0/16]

—
]
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200
[7-7/8]
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Work procedure Explanatory figure

-

1.Remove the service panel.(Referto (1)-1.2.3.)

2.Remove the connector of the solenoid valve in trouble.
| alve coil

(1) For the solenoid valve coil of SVA, SVB, or SVM1. 2, can Double-pipe heat exchanger
be serviced from the inspection door Is possible. For
owever, remove the rear panel (4 machine
screws) to replace the coil if enough service space can

be securad at the rear.EOnIE NU-GA type for SVIM 2)
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*Special care must be taken when replacing heavy parts.

Work procedure Explanatory figure

1.Remove the service panel.(Referto (1)-1.2.3.)
2.Remove the connector of the solenoid valve in trouble.
3. Remove the solenoid valve coil.

J Double-pipe heat exchanger
be serviced from the inspection door Is possible. For
SVC, however, remove the rear panel (4 machine
screws) to replace the coil if enough service space can
be secured at the rear (Only NU-GA type for SVIM 2)
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Installation Practices

= Refrigerant piping installation practice critical to short and
long term system integrity

* General requirements no different from those employed
with any built up refrigeration system

e Details associated with R410 systems may vary from
standard practice in the field at this point in time
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[ .
%

&
¥ .-
.
ig
<=,

/4 Wi

Clean)finess I?ﬁssentlal

.

Cleaned and Capped

Y

f //:' et
B

Used to be Cleaned
and Capped

= Cleaned to'an *
esta’éllshed I|m|t
. Purge&wnh dryn

= Sealed W|th rubbe
posmve nitrogen preé f_
|nS|de the tuber B

“
k“
g o
e .:i;-j;l'.'.-q\
VRF SYSTEMS: THE GOOD, THE BAD AND THE 28
TR A e ;-""‘,“1;_"



Cleanliness Is Essential

Used to be Cleaned
and Capped

Moisture and refrigerant don’t work well
together

= Corrosion

" |ce

% " Refrigerant.oil-problems
= Meotor preblems

‘\ -,
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Cleanliness Is Essential

L~L_ ~a,
b

.y
o

Cleaned and Capped

\ \‘ _ Used to be Cleaned
and Capped

Dirt and precision machinery don’t work
well together

= Moving parts in compressors

= Smallorifices in metering and control
valves and lubrication system

@@= Chemical reactions with oil and
A refrigerant

!
3
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Field Joints

o

5. Flare processing (O-material (Annealed) only)

Field joints are made using a frustum of right circular
cone

Flpe size (mmpny)

R410A R22

06.35 [1/4"] 9.1 [0.358] 9.0 [0.354]
09.52 [3/8"] 132 [0.520] 130  [0.512]
012.7 [1/2"] 166  [0.654] 162  [0.638]
215.88 [5/8"] 197  [0.776] 19.4  [0.764]
©19.05 [3/4"] 240  [0.945] 233 [0.917]

Dimension A

If a clutch-type flare tool is used to flare the pipes in the system using R410A, the length of the pipes must be between 1.0
and 1.5 mm. For margin adjustment, a copper pipe gauge is necessary.

6. Flare nut
Type-2 flare nuts instead of type-1 are used to increase the strength. The size of some of the flare nuts have also been
changed.

Flare nut dimensions {(mm([in])

B dimension (mm([in])
R410A R22
©6.35 [1/4"] 17.0 [0.669] 17.0 [0.669] ) —
O
29.52 [3/8" 22.0 [0.866] 22.0 [0.866] Image

" e,
012.7 [1/2"] 260  [1.024] 240  [0.945] o courtesy -
015.88 [5/8"] 29.0  [1.142] 27.0  [1.063] Mitsubishi

PRUY
219.05 [3/4"] 36.0 [1.417] 36.0 [1.417] Service

The figures in the radial thickness column are based on the Japanese standards and provided only as a reference. Use Instruct_ion;
pipes that meet the local standards. Used with

Permission g 31
8.50%1.00in 4] |

Pipe size (mm[in])
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ent selection

Field Joints

o

5. Flare processing (O-material (Annealed) only)

= Field joints are made using a 45°SAE Flare joint

=

If a clutch-type flare tool is used to flare the pipes in the system using R410A, the length of the pipes must be between 1.0
and 1.5 mm. For margin adjustment,

6. Flare nut Operating Pressures

Type-2 flare nuts instead of type-1 ai

changed. Refrigerant Low Side High Side
Flare nut dimensions (mm[in]) R22 55_70 pS|g 180 _ 260 pS|g
Pipe size (mm(in])  —— R410 95-135psig  305-410 psig

06.35 [1/4" 170  [0.669] 170  [0.669] g
09.52 [3/8" 220  [0.866] 220  [0.866] J ( Q Image
" |
0127 [1/2" 260  [1.024] 240  [0.945] Dim‘—-Jension . courtesy

©15.88 [5/8"] 29.0 [1.142] 27.0 [1.063] Mitsubishi

PRUY
219.05 [3/4"] 36.0 [1.417] 36.0 [1.417] Service

The figures in the radial thickness column are based on the Japanese standards and provided only as a reference. Use Instruct_ion;
pipes that meet the local standards. Used with

Permission g 30
8.50%1.00in 4] |

Flpe size (mmpny)

R410A R22

06.35 [1/4"] 9.1 [0.358] 9.0 [0.354]
09.52 [3/8"] 132  [0.520] 130  [0.512]
012.7 [1/2"] 166  [0.654] 162  [0.638]
215.88 [5/8"] 197  [0.776] 19.4  [0.764]
©19.05 [3/4"] 240  [0.945] 233 [0.917]

Dimension A




Field Joints

1. Determine the increase in seating surface for different flare dimensions
2. 5= mx(Ri+R:)xs

Where, for a Frustrum of a Right Circular Cone:

5=  Lateral surface area

R; = Radius of lower base

Rz = Radius of upper base

gz Slant height
3. sz ((Ry-Ry)* + hy)?

R;
VRF SYSTEMS: THE GoOoD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE
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Field Joints

For nominal 3/8" tube
R410A Application

Flare dimension -

Tube dimension -

Difference -

Half of difference -

Length of flare (height of frustrum) -

Slant height -

Area of flare -

Difference -
For nominal 1/2" tube
R410A Application

Flare dimension -

Tube dimension -

Difference -

Half of difference -

Length of flare (height of frustrum) -

Slant height -

Area of flare -

Difference -
For nominal 3/4" tube
R410A Application

Flare dimension -

Tube dimensien -

Difference -

Half of difference -

Length of flare (height of frustrum) -

Slant height -

Area of flare -

Difference -

R22 Application

16.20 mm

12.70 mm
3.50 mm
1.75 mm
1.75 mm
2.19 mm
199 sq mm

rrim Flare dimension -

mm Tube dimension -
Difference -

Half of difference -

Length of flare (height of frustrum) -
Slant height -

Area of flare -

mm

mm

mm

mm

sq mm

sgmm = 10.8%

R22 Application

19.40

15.88
3.52
176
176
2.20
244

Flare dimension -

Tube dimension -

Difference -

Half of difference -

Length of flare (height of frustrum) -
Slant height -

Area of flare -

= 7.9%

R22 Application
24.00
19.50
4.50
2.25
2.25
2.70
370 s9 mm
53.93 sgmm =

mm 23.30
19.50
3.80
1.90
190
2.35

316

Flare dimension -
mm Tube dimension -
Difference -

Half of difference -

Length of flare (height of frustrum) -
Slant height -

Area of flare -

mm
mm
mm

mm

17.1%
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Flaring Tools; They’re Not All Created Equal

:centrically Mounted Flare Cone

= Conventional flaring tools = Recommended flaring tool rolls
“press” the flare onto the end of the flare onto the end of the
the tube tube

= Either way:

= Metal to metal sealing mechanism
= Lubricate flare before tightening

Images courtesy www.ridgid.com/; Used with Permission
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Lubricate with a refrigerant compatible oll
== Use two wrenches

VRF SYSTEMS:



Torque Wrenches, Flare Nut Wrench and Crow’s
Foot

VRF SYSTEMS: THE GOoD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE
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Easier accomplished on the bench than in the air
BFEactory line sets minimize field flares
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| Branch controller support per
| Mitsubishi requirements

Rigid support nominally with-in
20” per Mitsubishi requirements

MH! BAD .I ND Tt

VRF SYSTEMS: THE GOOD



Relative motion still possible
with out sway bracing

" H/
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Refrigerant Oll

= R22 systems use mineral oil as a lubricant

= R410A systems use an ester oll, either ether oll or
alkylbenzene

e Using the wrong oil can cause sludge and other problems
leading to failure

* Tools use on R22 systems can be “contaminated” with
mineral oil and should not be used on R410A systems

e Contamination can lead to sludge and other problems

* R410 oll is an order of magnitude more hygroscopic than
R22 oll
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Connecting to Existing Branch Controllers

= Concern on the part of the new project contractor
regarding unknown quality of the previous contractor’s
work

* Pipe installation practice
e System evacuation and charging practice
* Low charge in existing system due to leakage

= Near Azeotropic refrigerant compounds the problem

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE

42



Azeotrope

= A mixture made up of two or more refrigerants with
similar boiling points that act as a single fluid. The
components of azeotropic mixtures will not separate

under normal operating conditions and can be charged
as a vapor or liquid

Definitions from the National Refrigerants web site; http://www.refrigerants.com/frame.htm
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Near Azeotrope

= A mixture made up of two or more refrigerants with
different boiling points that, when in a totally liquid or
vapor state, act as one component. However, when
changing from vapor to liquid or liquid to vapor, the
Individual refrigerants evaporate or condense at different
temperatures. Near-azeotropic mixtures have a
temperature glide of less than 10° F and should be
charged in the liquid state to assure proper mixture (non-
azeotropic) composition

Definitions from the National Refrigerants web site; http://www.refrigerants.com/frame.htm
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Zeotrope

= A mixture made up of two or more refrigerants with
different boiling points. Zeotropic mixtures are similar to
near-azeotropic mixtures with the exception of having a
temperature glide greater than 10° F. Zeotropic mixtures
should be charged in the liquid state

Definitions from the National Refrigerants web site; http://www.refrigerants.com/frame.htm

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE
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Control Sensor Installation

" Damper face velocity = 800 fpm
" Mixing plenum depth = 39”

VRF Fan Coil

Do you think the mixed air
Sensor is really measuring
The mixed temperature?

Outdoor
Air

Single Point Mixed Air
Sensor Location

Dampers

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE
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Economizer Outdoor Air Enthalpy Change-

Over Sensor l l
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The Improved

Image courtesy Brian Nixon
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VRF Unit Economizer Design Intent

Provide an economizer cycle

No mechanical cooling until the
economizer is on 100% outdoor air
(Code requirement; integrated
economizer)

Supplement the outdoor air cooling
as required (Code requirement;
integrated economizer)

Continue to use outdoor air until the
outdoor air is not suitable for cooling
(Code requirement; integrated
economizer)

Use minimum outdoor air if the
outdoor air enthalpy is not suitable
for cooling (Code requirement;
integrated economizer)

Do not heat until the economizer is
on minimum outdoor air (i.e. no
simultaneous heating and cooling)

Position to full return air if the VRF
system is off (critical given the OA
source)

Use no outdoor air in warm-up mode
if the space is not occupied

Use outdoor air in the cool-down
mode only if outdoor air is suitable
for cooling

Minimum outdoor air flow matches
contract document requirements for
minimum occupancy and maximum
occupancy

The demand controlled ventilation
system can over-ride the
temperature based control of the
economizer cycle if necessary to
maintain adequate ventilation.

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE
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Design Intent Documentation

= Required accessory on the VRF unit schedule
= Code compliance required

= Economizer supplier uses Honeywell W7212 which:

e Can perform integrated economizer cycle (but also can do
a non-integrated economizer cycle

e Can do warm-up/cool down if configured properly

* Can close the dampers when the system is off if configured
properly
e Can do either/or demand controlled ventilation cycle
o Minimum occupancy air flow if CO, below threshold
o Maximum occupancy air flow if CO, above threshold
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Design Intent Documentation vs. Intent

Covered by Documents
Coverethby W AZiZarimpienented

Covered by Code
Covered by W7212 if Implemented

Govered:-by(Code CoverechbvaANY21 29 tnpieniented

Coverediby DocamentsiProbably

quitenieni; ineg requires TAB RFI to clarify

Covered by Code Coveredov W2 E2 ifdmplemented

= Do not heat until the economizer is
on minimum outdoor air (i.e. no
simultaneous heating and cooling)

VRF SYSTEMS: THE GOOD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE



Economizer Procurement

= VRF Fan coll unit provided by = Economizer mixing box
15t party installed by a 4" party

e Includes wiring harness for _¥_-$Economizer controls installed
econorﬁ;.’»zer interface -+ 23t s by a 5" party

= Economizer pr:;tckage provided = Economizer must interface to a

by 2nd party E;éuldlng‘iwde automation
 Includes generic \q:l.rm% Zyﬁggm by a 6! party to do
diagram ) %1 . err.lf':md. controlleq ve.ntllatlon
 Capable of a number of = Verification of design intent by
change over strategies a “indgpendent “7™" party
= Economizer mixing box and . ﬁ; .

controls provided by a 3 party

e [ncludes multiple product
specific data sheets with a
wide range of capability

VRF SYSTEMS: THE GoOoD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE %' 57




The Result: The Economizer Doesn’t Work

= Confusion regarding the pre-functional testing
requirements

= Must reference:

e Contract documents (contractor charged with developing
and executing start-up and functional tests with spot
checks by the Cx provider after completion)

 Economizer package documents (generic in nature)

e Economizer controller documents (product specific in
nature but no project specific details)

e Control system submittals (retransmits demand controlled
ventilation signal and BACnet interface)

e California energy code (very thick book)
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Generic Economizer Package Documents

=
- -
——
i —-_{—:-I 0 B o

| CLOSE | OPcH |
TEMP *FjTEMP *F| PILO

| B0 45 n+5.1z VA |
| 60 *5 | 70 25 [125 VA

ol
= No wiring or check out information in one set of instructions

but a lot of product specific information

= Generic wiring and a cut and paste check out procedure in a
different set of instructions but no product specific information

= Both use a “clicks on” economizer change over switch as a
basis of design

VRF SYSTEMS: THE GooD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE
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Generic Economizer Package Documents

Previous Month Temp Graphs Page | Mext Month =]

Search Halp KOAK Temps for 9/2010
Observed Normals

Text Only
Current Hazards

[RSS’

Local

National

QOutlooks

Tsunami

In the “normal” Berkeley
climate, it would be

e possible for a “clicks-on”

Can - with the tolerances

RSS

s M M IRRRE I shown to disable the

Satellte tember, 2010 . .

';;Zar;and b Observed Ubs_er\n id Normal No_rmal cord Re_cord Obs?e_rve_d Rgc_ord_ eCO n O m IZ er I n th e
Lakes AHPS ate Low High Low | High ow |Year| High |Year Prgmpltatlon Prgmpltatlon

Rainfall Totals (F) (F) (F) (F) (F) (F) {inches) {inches) .

S 1 58 92 56 | 73 |50 [1984] 99 |[1952 0 16 2000 afternoon Of the f”’St day

. 2 63 89 58 | 73 |52 [1957] 97 [1950 0 0

Activity Planner 3 58 78 58 | 73 |M49 [2000 95 [1961 0 0

T 4 56 70 58 | 73 |M49 |[zo000] 97 [1961 0 012001 Of Aug ust and not re'

Local 5 55 77 58 | 73 |f49 [z000 93 |2008 0 012005

Graphical 3 52 89 58 | 73 |f50 [2001] 93 |2004 0 0 . -

Fire Weather 7 56 68 58 73 50 [2001) 94 [1957 i 06 1998 enable It untll September

a‘:;‘:;“ B 59 89 58 | 73 |f51 |2002] 93 [1976 T 181985 )

Sovera Weather 9 56 74 56 | 73 |f50 |2002] 93 [1951 0 191978 SO m e tl m e

e 10 53 &1 58 | 73 |f50 [2000] 91 [1984 0 011985

Rainfall 11 54 84 58 | 73 |[f50 [1961] 94 [1979 0 0

T 12 55 63 58 | 73 |f50 [20000 98 [1979 0 28 1963

UV Forecast 13 57 &7 58 | 73 |50 [1955 @3 |2003 0 17 2009

Winter Weather 14 56 59 58 | 73 |50 [|1970] 98 |[1971 0 011954

Wireless Weather 15 57 ] 58 73 47 |1985 91 [1971 i i

Forecast Maps 16 60 74 58 73 47 |2006] 94 |[1968 T 321961

F:’ue:::‘c:me's 17 63 72 se | 73 |49 [2008) 91 |2000 T 091985

— 18 60 75 56 | 73 |f4s [2008] =8 |2003 01 317 1959

R 19 57 74 56 | 73 |M49 [1955] 90 [1983 0 48 1977

Model Spectrum 20 58 77 58 | 73 |M47 [2004] 95 [1949 0 351973 |

DIFAX charts 21 60 70 58 | 73 |M4s [2004] 95 |[2003 0 031983

Climate 22 60 71 58 | 73 |50 |[2008] 96 |[1949 0 07 1958

Local 23 57 80 57 | 73 |f48 [1960[ 94 |[1997 0 012001

National 24 54 85 57 73 1 [2009) 93 [1097 0 202001

FIEUETIS 25 55 04 57 | 72 |fa4 [1048] 94 |2010 0 141072

Lo e ED 26 55 89 57 | 72 |f42 [1948] 97 [1958 0 571972

Co-op Program

Weather Safety 27 55 96 57 | 72 |M46 [1955 95 |2010 0 58 1957

Weather Radio 23 63 100 57 | 72 [f49 [1948] 100 |2010 0 321976

T 29 62 88 57 | 72 [M47 [1950] 83 [1978 0 041971

Tsunami Ready 30 57 73 57 | 72 [f41 [1950] 93 1980 0 451983

Storm Reax —

o Spo:"ers sverage| 574 | 787 | Brr | 128 Normuélul 031 N

@ Internet i T
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Documents

Generic Economizer Package

There are many days In

i R =Bl Many other months were
L Oakland - M
Search Help

ToxtOn 2009 Graphs Oakland 2011 Graphs the Same thlng COUId
e KOAK Temps for 10/2010 KOAK Tegpos :0?11;’2010 KOAK Temps for 12/2010 h ap pe n (th e I ig ht g ree n

‘Get Local Forecast for:

Local Observed Normals Observed  Normals Observed  Normals

National 1
70

e » band on the graphs is

Tsunami
50

Inundation Maps

iy o the normal range)

Fast Page 0 0 20

Current Conditions R O R " S T

RSS October 2010 Movember 2010 December 2010
- KOAK Temps for 7/2010 KOAK Temps for 8/2010 KOAK Temps for /2010
izt Observed  Hormaie Observed  Nomrale Observed Normals

Buoy Reports
Satellite

Radar KML

Rivers and

Lakes AHPS

Rainfall Totals
Google® Maps Data
Forecasts

Activity Planner
Discussion Observed
Local

Graphical

Fire Weather
Aviation

Marine

Severe Weather
CA NV RFC

30 5 10 15 20 35 30 5 o0 15 20 25 30

5 5
July 2010 August 2010 September 2010
KOAK Ternﬁs for 4/2010 KOAK Temﬁs for 5/2010 KOAK Temﬁs for 6/2010

ormals Observed ormals Observed ormals

T T T T T T T T T T
: 5 10 15 20 25 30 R 25 30 5 10 15 20 25 30
P April 2010 May 2010 June 2010
Hurricanes KOAK Temps for 1/2010 KOAK Temps for 2/2010 KOAK Temps for 3/2010
UV Forecast Observed Normals Observed MNormais Observed MNormails

Winter Weather
Wireless Weather
Forecast Maps
Forecast Models
Numerical
Statistical
MTRWRF S e e S " S A T S " )

Model Spectrum January 2010 February 2010 March 2010

DIFAX charts
Climate Webmaster

Local

National

Predictions j

@ Internet AT




i W7212, 7213, 7214 Product data., ptlf (SEG.RE)) dot ﬂﬂﬂ
File Ed &

rrent selection

\,r
L/

Product vS. Project Specmc Wiring Information

P

W7212, W7r213, W7214 ECONOMIZER LOGIC MODULES

+ crisoBmixep | W oD MU Wl
() AIR OR CTO4EA
DISCHARGE

AIR SENSOR

o n | N T
MSTXXX 210 VDC E ! —
INDOOR AIR L L
HONEYWELL SENSOR + = =
i 50
. o

ACTUATOR

CT40D
OUTDOOR (=)
AIR

TEO21 AMBIENT
LOCKOUT
CONTROL
50 F SETPOINT

= Honeywell documentatlon mcludes erlng diagrams for 9
applications

= None are Mitsubishi systems
= None are VRF systems

" © 2010 Honeywell International Inc.; Used with permission

é Fig. 13. W7212 used in two-stage cooling system with Honeywell Series 72 Actuator and time clock for occupancy. _ 62




The Actual VRF System Diagram

Outdoor air provided by an economizer
equipped constant volume reheat system

= VRF zones are variable volume and require
system control strategy change

= VRF zones potentially interactive with each
other and constant volume zones

= Must balance economizer benefits with
reheat penalty

= VRF dampers currently not interlocked to
close with VRF shut down

To existing constant
volume reheat
zones 63




Conflicting Sensor Location Information

= Discharge air vs. mixed air

= Either will work but discharge air | i giEm
location will cause the I e il
) CT150B MIXED el U vl
economizer to generally M ovecnnce A" [ | Il
function like a non-integrated AREEE = sl
. . AL
economizer 210wpe - s L et
MDOOR AR CZ __m:“"' L E‘“El .
. Lo SENSOR + |] : =-:-|m_ T ;:.{[I] ___{I]]
e Bad for maximizing energy L Tz
savings %”P o [HH;—‘
g éﬁzuoﬂu é
* Good for compressor st —
replacement COStS in © 2010 Honeywell International Inc.; Used with permission

packaged equipment with
limited or no turn-down
capability
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but q rrently is
“not wired for it
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The Actual VRF System Diagram

-

= Main AHU schedules are provided by the
building wide control system

= VRF schedules are provided by the VRF
control system

-fj

= Currently no communication of schedules
between the two systems

To existing constant
volume reheat
zones 67




Occupant Satisfaction

] L
74 1 67
=
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w73 - 64 @
€ ] | E
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—5Space Temperature
—5et Point

——Discharge
Temperature

Three out of four

zones sampled at

random so far are
doing this

Facility Dynamics
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Occupant Satisfaction
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B 70 - —— - 55 2
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LIk}
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— Space Temperature
—VRF 5et Point

— Prnieumatically
Controlled CHW Fan
Coil

- = = Pneumatic Thermostat
Set Point

— Discharge
Temperature
Two out of two
pneumatic zones
sampled at
random were
working this way

Facility Dynamics
[ ]




Technology Can Have its Limitations

= VRF systems have turndown capability but not below
about 20-25% of capacity

e Subject to issues related to over-sizing just like any
other approach

 If the peak load potential in a zone is unknown, then
you know what you don’t know

o Consider the minimum load potential
« Seasonal load profile
e Dally load profile

o Address the current reality with provisions for the
future potential

o Make sure you understand the details of the
technology you are about to embrace
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Integration; The Commissioning Perspective

Integrate the equipment into a
working system

e Verify design intent in the short
term

e Ensure its persistence in the
long term

Integrate all the players into a
team to identify and solve
problems

e Bring new technology into the
mainstream

e Understand how it should work
e Address prototypical issues

e Ensure it things keep working
for the life of the system

.ﬂfm_

Early Commissioning Providers
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Principles of Refrigeration by Roy Dossat

|

#m Entropy

e
e, =0
Vamisinjaenthy. fox the mrevemible oo engiie,
f 8= 0u-@,, >
a0,
! T

Sippose that we cavse the engine o become more and
thike il kowpslong Qe T @il Ty fiacad, The eyilis Ilulrgr..\l ol ﬂq |lmn
approaches sero, while thae for 82771 beoomes 3 progressieely Langer
tiegitive value. Lmabie Bimiin, as the sork ourpat goes o sev,

Thiss woe conclude than for

reveruble heat e gine ovckes
fras0

0 s
P <o

Vo cxminpletr the donmmtraismm of ihe inegquality of Clasin we s
(i shisilar analyses for ok reversilsde snad seeverble relngers
thom cyibes, For the reversible refrigeration
oyl sl in Fig. 7.2,

fra-—aira -

wiwl
fiefirins

Mt:‘:“h Mﬂ-dﬂha:?rhln
g wevn peversibdy (Fy approsching
Tk, e cyeli. imeral uf MT
s i i naje,

ihle |rlnnn1
work ingur

Sine @y~ {2

el irrwdangg

Theai b, i |
L e e
refrigerator.

My vmaking
i T, aned 1
Laigrr i il
wvelie ingegra
weirigrasin,

Whaias fesp

=

Complex principles in understandable terms

Ineqriality of Clausus 200

fa-s

fo-e

o all reveribbe refgrraibon cvokes

il ey by oo e el s

b g v et e e
st W by s the apee & g
e 1 e e
[yl hyupmslaiie i Sar e .
[P Yo S S S
O Y S L]
T e s o et b et e o e
[ e e vy it o e s o s
e

tnes raban o e
o Mo o b el bk Yo e e
T

ey s e rnat pally pedered n snswegaend
L e ]

P e
P
,‘-;— [ Yo SR rp————_—

B
s Yt e

Eaihlyy = 4 b pt st o ¢ mbetom ’
e bt s b o s ey s i e b g s s s e
sl

O A N
ity

Pt o s i -

n s vl

vk 14 kg st This work prssdhies &

s that 1 e can b BOOFR
el 0 the cummern brtwvers erregy wnh wk
Conmergrnth. the wremst of gy sl i crey

e ™
iy B Bt it ] s o cxnids e e
The abeudute catrepny (3] ol wilmtawr o e b

servion i work or bt
N - s pevetamcwmaly Hemmidis o v -
sects tm conber o, | sy wunks, the amanmt of -
1y bt o voe ool s bt 0 el
I d s do ol s ik o b
wrambes sl ol bt s thi
e {brussimd st ' avlae i ey
[y e —

The woecd enrrege is nowsd s describr e samcnme

il disilr. o eamboisess. i sy tope ol s D

gy iy e aialdr ey st v
P s g ——— Y
Vinorsmstcalin, virer, ool Tt b Wbt of &
proves divided by ter abmduss v o <hich
e prurwss serurs. Therrdar, s rgeriesring
Latgrs st #ies 18 berat trmnder will groaeate greates
e gy Sowidar the hange i Hae i

p
kvt ernperae, Sirer: b oty e o
e wuilabiling of 6l e ereergy within de e, e

cvslin bk Kk

thevimecdy nasnics, stropy kidones th g o the
ceades w4 miamece- 1 the g st oty ol o
oy withi @ syatems, Sysbemia i sulbstasmcrs haviong high
viadrs of 1t u‘;n—qr-l:g"-mdlllqul‘w-h

e el eryuiaine shructiore, muaie the e
orgumited resulring in lower valwes of robmopy When
et bt o e e a1 e e
o lipeicl. rn vt buevmases. Thes securs baomee the
b e e D!- ™ .nlhri’l.lhn of # mobegades,

St eutrvpy (1) in meered with srapect 8
s s o the s saice. The nevs peratore ot wssol
o caloaltiog dilerenccs s gy betscn o
a e itiom listred sl tevapmssinnre wots ol e

7o Fabrenhe r Cobua (it Thin. ¥, | g 101 Sawe
e v i sty betiees  Palevalest ad
Hanbine or betwres 3 Celsin 3 Kebvin degres arv
apual E st s 1 sty of ey st il brarwsect
sherthrr the b peraure sursof rtrp i ) sbaobis

- 1wt ol ievwperaar, Extropy i dee

~|.J.u...o..-t..-|..-,.'. oy e kbt of e
el ee The san ﬂ wonb when ey
thee conle s ] ey scmsves i

3 rature s the oty daum for s
:-:ulq ..a.»m‘-\ =

= irbeweer, owabarsd bt i i

6.6 Prop !

4 i, drsipmhen. g s st For o
g, i 1000 Biws of eergy camgimally wored witin

ndtirars thee -lr-'n"
Mr!hﬂh-ﬁ-‘mv ARt et 1

h the uibstmny

the ey ol e emergy v e aimd s Py
[

Lot o il 1o |un|rm-|l Devaiise 4 s o
[ e e o the orien ol pmergy

the decrrase i the waobubty of cnergy far comer
o rn ek finergy i sy heeraning mnulable

oo e i s
T
trogy Kisesling aiy Tee pevgperties ul 2 st will
e 411 st i s Thacte are v s
b rymmbsiir gt valend sy slozin
sire pmperhes As seeann P id
hat n indearncent aa the ameant o tae of the sritran

t inbeniey

then snbverar, As svarrgy s sharen] avvwny thar sty

wiircues wkin the emberse. e srwperane Affrr
the ooldest

A the x-«-ﬂi vlm«mrd-ﬂ-mw dercrease s the

e wr wn roertion of
wimimses sel i l—m»-.ln.pm.'r.,-—.u-;".
ot o the arwsant of the wibseate o vk
Miasa annd warhr lvrwl-n- o

O the sk propeies ﬂ{.np-1||'4»m particlar

senefial work dhso dlowinishen. Tcrwbore am proces that

ey mt mcres iy odrogn ahavs the ruregy

bl e st precesars, Evdabuadly o priat s e

il e reartecd when the rampy o the were -

prosches ks mdreum ralue el eometvis ot s
at ad waork will b dngu il

AL et trmwler preemrs wtasatrly aaems the

Nl b

the vty of prseare. tom

Lirsmru phr e .-.uw...-..n.u, properiies

D e o sy e s g bt

tatin derval serge cathalps s etrogs, e pop
" e

bl pripertin. Mracmalie sxl sdedard jreperties
e waally fovasal i prperty fabdes. Thrse tabley are
buionn o e churicrhi quebies of s mitace

wwrogy of the s, Al
e provmas states o s @ vasllematical deure
i cxmdenaiog ur subuwndicag proce, the o
b wwverse sl s, Thas vsars brsamser in ol

Propet
bt s il gt i bt et
wheen sisig vr ey the eperathon o v bl

VRF SYSTEMS: THE GOOD, THE BAD AND THE UGLY; THE COMMISSIONING PERSPECTIVE

77



Other Resources

= Trane Refrigeration Manual
e http://www.trane.com/Commercial/Dna/View.aspx?i=492

= Copeland Refrigeration Manual
e http://www.emersonclimate.com/en-us/brands/pages/copeland.aspx

e http://lvhvac.com/cope bulletins/aelndex.pdf
= Sporlan Valve

e http://www.sporlanonline.com/literature.shtml

= Mueller Brass
e http://www.muellerindustries.com/
= ASHRAE Journal

* Variable Refrigerant Flow Systems by William Goetzler, April 2007;
www.ashrae.org
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Appendix 2 — Flare Joints
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Memorandum

Date: September 16, 2010
To:  Jim Wert; UCB Capital Projects
From: David Sellers; Facility Dynamics Engineering
Cc:  Alan Daly; Taylor Engineering
David Sasai; UCB Capital Projects
Gary Kawabuchi, Ron Simens; Facility Dynamics Engineering
Re:  UCB Law Building Infill Project — Leaking Flare Fittings

If you are reading this memo in the electronic version, the table of contents below can be used to
move around quickly in the content. Click on the topic of interest in the contents list below and you
will be linked to that location in the document. Use the back arrows on the Web tool bar to get back
to where you came from (the web tool bar should open up the first time you use a link; it’s the one
with the little world with a magnifying glass icon in Office 2003 and with two green circles with
arrows in Office 2007). You can also click on references to figures and tables to jump to them in a
similar manner.
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Summary

This memo presents the results of informal research and analysis on my part, targeted at
understanding the characteristics of a proper flare connection in the general case and in the specific
case of the Mitsubishi equipment. As we have discussed, there have been issues on this project with
leaks at flare fittings. My understanding is that this has also been a concern on other projects on
campus that have Variable Refrigerant Flow (VRF) systems but | don’t have formal documentation
of that; only hearsay.

The conclusions | reached are as follows.

B The use of flare fittings in refrigeration systems is common and is in fact one of the intended
applications for the fitting design as indicated by the name of the applicable SAE standard (SAE
J513d — Refrigeration Tube Fittings) which was originally developed in 1936. Thus, it is more
likely that any problems we are having are related to application issues and the way the field
flares are fabricated than they are related to the fittings or misapplication of the fittings
themselves, barring some sort of manufacturing defect.

B Flare connections are used because they provide reliable leak free connections that can be
assembled without flame and disassembled when necessary.

B The sealing mechanism is intended to be metal to metal surface contact with lubricant applied to
facilitate making up the joint. But a reliable, leak-free connection should result without the
application of additional sealant. In fact the presence of some sort of sealant on the face of the
flare could make the joint less reliable and more prone to leak.

B Details of how the field flare is fabricated and secured, including the hardness or softness of the
tubing that is flared, the type of tool used, the face dimension and diameter of the flare, the way
the joint is supported, and the way the joint is tightened can all come into play in terms of the
success or failure of the joint. Thus, attention to these seemingly minor issues may be the
difference between success and failure in terms of the viability of the connection.

B There are critical differences between specific details of how a flare connection is made and the
pressures it has to deal with in an R410 system (a relatively new refrigerant to the field,
especially in smaller equipment but the refrigerant used in the Law Building systems) and an
R22 system (one of the most common refrigerants in use in the recent past). Thus a field
technician who was not familiar with these differences could in advertently create bad flare
connections in an R410 system using techniques that had served them well for years on an R22
system.

B Based on a review of internet discussion boards, there is a significant difference of opinion in the
field technician community with regard to the specifics of making a flare connection both in the
general case and in the case of R410 systems.
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B The Mitsubishi engineering, installation, and technical service manuals have the following
consistent themes with regard to flare fittings.

e Cleanliness is essential through-out the process.

e Tools used with R410 systems should only be used with R410 systems.

e Lubrication with oil that is compatible with R410 is essential when making up the joint.
e Two wrenches should be used when tightening the joint.

e The piping and equipment need to be adequately supported to prevent loads from being
applied to the flare connections.

B There are details related to the manner in which the flare joints are fabricated and assembled that
have implications beyond the integrity of the flare joint, including the potential to cause
operation problems, motor failures and compressor failures if they are not properly addressed.

B The Mitsubishi requirements are consistent with the requirements found in the general case for
flare fittings. Thus, there is no reason to believe that they would not provide a reliable, leak free
joint. And, there is no reason to not adhere to them and ask/verify that they are complied with as
the standard for installation is a reasonable and desirable first step in ensuring the long term
integrity of the re FRF systems.

B Developing some sort of mechanism for logging the specifics of joint failures on the project may
be a useful tool to diagnose the root cause.

The remainder of this report presents the information and analysis that lead to the conclusions
outlined in this section.

Introduction

After realizing that we seem to be experiencing a number of leaks in the systems after they have
been in operation and that the leaks seem to be at flare connections, | started to wonder if the
problems were related to some detail of how the connections were being made up. As you will
recall, we looked up the requirements for connecting a line set to an indoor unit in one of the
Mitsubishi instruction manuals for the project while at lunch last week and found some fairly
specific requirements.

Subsequently, I spent additional time reviewing the installation manuals and found similar
information in all of them. | have included copies of some of the installation and technical service
manuals representative of the equipment on our project for reference as an appendix for reference.
Generally, they reflect the requirements I found in all of the manuals I looked at.

I have also spent some time researching flare connections in a number of resources including past
editions of the Society of Automotive Engineers (SAE) handbooks, , ASHRAE Handbooks, Piping
Handbooks, the internet, and even regulations, references and recommended practices from my
aviation days. The bottom line is that while there are some differences between sources, and
certainly some differing personal opinion among refrigeration mechanics on discussion boards,
technically there seem to be some common threads that also seem to appear in the Mitsubishi
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requirements. The remainder of this memo will discuss what | believe to be the pertinent technical
issues in the general case and then in the specific case of our project.

General Case

In general terms, flare connections are cited for their long term reliability while still allowing the
joint to be disassembled and reassembled without the need for heat or special tools once it is
fabricated. To the best of my knowledge, the standards behind flare fitting have their origins in a
series of SAE standards with SAE J513d — Refrigeration Tube Fittings appearing to be the applicable
standard in our instance for the fittings and SAE 533b — Flares for Tubing being the general standard
governing the details of the actual tube flare for use with both 45° and 37° fittings. | have included
copies of versions of these standards in Appendix 1.

These standards have been in place for a while; since 1936 for the fitting standard and since 1947 for
the tubing standard. | think this is important for a number of reasons.

B |t would tend to indicate that the details of the approach have been in place and applied for a
significant number of years and are well beyond any development problems that may be
associated with a new technology.

B At the time they were developed, engineering was a much more “hands-on” profession than it
generally is today. That is to say that the people that developed the hardware then got dirty and

actually worked with the hardware to “start her up and see why she doesn’t work™*,

B The approach alluded to in the preceding bullet tended to lead to hardware that worked in the
real world, not just in theory.

Fittings based on these standards are applied in many industries with demanding and critical
applications, including aerospace, where the implications of a failure are perhaps the most serious.

Sealing Mechanism

Most sources | found cited the sealing mechanism as being metal to metal contact between the flare
fitting and the fabricated flare on the tubing. In other words, no special sealants should be required
to achieve a satisfactory, leak free joint.

That said, at least one manufacturer (Eaton) markets a special gasket designed to seal between the
face of the tube and fitting for hydraulic system flare connections (37° flares; most refrigeration
flares, including the ones in the Mitsubishi equipment are specified as 45° flares).

Joint Fabrication

The metal to metal method of achieving a seal makes the tolerances and integrity of the fitting and
fabricated flare critical. There are at least two different flare angles in common use; 45° and 37°. |
found one reference to 60°, but not in a technical resource.

My point is mentioning this is that it opens the door to the possibility of fabricating the flare with the
wrong angle for the fitting you are working with. While unlikely, it’s not impossible and one of the

1 John Fritz as quoted in The Pratt and Whitney Aircraft Story; he was known for saying this after completing work

on a new machine he had designed.
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places | saw reference to the different flare angles was on a discussion board, where refrigeration
mechanics were discussing the reliability of the joint.

I know from personal experience in my airplane mechanic days that it is not impossible to fabricate
the wrong size flare on a tube and make up the connection. As I recall, they intentionally had us do
it so we would realize that there were at least two different standards. It doesn’t feel right when you
do it once you know what the joint should feel like when you make it up. And the mismatch leads to
leaks. But it is possible to use the wrong tool and flare angle for the fitting you are working with and
have it go together, sort of.

Cleanliness is also critical, both when fabricating the joint and when making it up. If debris gets
under the flaring die, it can scar the sealing surface. If debris gets in the connection as it is being
made up, it can prevent full metal to metal contact from being achieved.

From what | can tell, for best results, you need to anneal the copper so it is soft before you make the
flare. That means if you are running hard copper tubing and needed to make a field flare and did not
anneal the end of the tubing first, you could have a less than optimal result; there could even be
cracks in the flare.

There also seems to be general agreement that the tube needs to be cut squarely, be free of burs, and
that the dimension that the tubing protrudes through the flaring tool is critical. The latter will impact
the amount of surface area that exists for metal to metal contact between the flare and the fitting,
which would seem to have something to do with the sealing capability. | found at least one
reference to using a gauge to correctly set the extension of the pipe beyond the flaring tool.

Tightening the Connection

Most sources | found cited the need to apply some form of lubricant (not sealant) to both the face of
the flare and the fitting and flare nut. Generally, the reason for this is that it minimizes the tendency
to twist and distort the flare as the fitting is tightened and also helps ensure a uniform distribution of
the compression force across the face of the flare. This makes logical sense when you consider what
happens when you tighten a two piece flare fitting. There are other flare fitting designs that get
around this by using a sleeve between the tubing and nut, but I don’t recall seeing them in
refrigeration systems. | have encountered them in hydraulic systems.

Most sources also emphasized the need for the lubricant used on the joint to be compatible with the
fluid circulated in the system. Failure to do so could result in contamination of the system and
equipment failures. In some instances, the recommendation was to not use lubricant for this reason.

Many of the sources also reference using the correct torque for the connection, implying that you
should use a torque wrench of some kind. The consensus on the penalty for over-torque seemed to
be the potential to deform, thin, or even work harden the flare, all of which could lead to failure.
The consensus with regard to under —torque was the potential to not achieve adequate metal to metal
contact, which is the sealing mechanism. These conclusions both make logical sense when
contemplated from a fundamental standpoint.

Many sources also cited the need to use two wrenches when making up the connection, one on the
nut and one on the fitting to minimize stress on the joint while it was being tightened.
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Vibration and Stress at the Point of Connection

As an aircraft mechanic, one of the rules I learned about fabricating hydraulic lines was that you
should never install a hydraulic line as a straight connection between two points. Rather, there
should be a bend in the line to absorb any stress that might be set up by the relative motion between
the two locations. The relative motion could be the result of relative movement of different parts of
the air frame, vibration, and differential expansion caused by temperature changes to name a few
things.

I found one discussion on line about the potential for a flare joint to fail over time at the radius of the
flare if there was vibration in the line. The concept seemed to be that if there was relative motion
between the pipe and the structure and equipment that it was connected to, the vibration would tend
to work harden the copper and lead to a failure at the weakest point or stress concentration, which
could easily be the radius of the flare. Practical experience with breaking wire and thin metal by
bending back and forth at the same point a number of times tends to make me think this could occur.

Conclusions

While my research was far from extensive, my conclusion after performing it is that there are a lot of
details that need to be address if you are going to make a leak free flare joint. And, there seems to be
some confusion about the specifics of the details including the proper flare angle (at least two
standards exist), the tube dimension protruding beyond the flaring tool when fabricating the flare, the
need to lubricate, and the specific torque requirements.

Thus it would seem possible that a mechanic or technician with the best of intentions could make a
poor flare joint, either because of their exposure to the multiple opinions and having to make a
decision or because they are not aware of the fact that the specific requirements of a certain
procedure can vary from system type to system type. For example, there are very strong opinions on
the web forums about if you should or should not lubricate a flare when assembling it. And if you
do lubricate the flare (which I believe is the technically correct thing to do) the oil that you would
use to lubricate a fitting for an R-22 system would not be the right oil to use to lubricate a fitting for
an R410 system.

Compounding the potential for problems, I think, is the fact that the refrigerant used in the
Mitsubishi VRF units is R410. This means that the pressures we are working with are higher than
what we would consider normal from working with other refrigerants like R-22. For instance with
an R410 system the low side runs over 100 psi and the high side can approach 400 psi in normal
operation. In contrast, in an R22 system would tend to run in the 60 psig range or less on the low
side and at or below 250 psig on the high side. As a result, for a given line size the stress and other
factors that would tend to cause a refrigerant leak, especially at mechanical connections, will tend to
be higher for these systems than with the refrigeration systems we have worked with in the past. |
think this means that the potential for a leak if the details of the joint are not correct is much higher.

All of that said, a flare connection, properly made, should be able to provide a reliable, leak free
connection in the systems we are dealing with in the library. Thus, any failures we are experiencing
are most likely related to the method of fabrication and assembly or other field conditions.
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Project Specific Case

After spending some time trying to understand the technical details behind flare connections in
general, | spent some time with various engineering, installation, operation, and technical service
manuals for the outdoor units, indoor units, and branch controllers on our project. All of the
applicable manuals that | can find are also loaded on the CACEA portal.

For the purposes of the discussion in this memo, | have included an example of manuals for each
device (indoor unit, branch controller, and outdoor unit) for reference as an appendix. | selected
these manuals because the all reference the installation of the refrigerant piping and related flare
connections. The technical service manual for the outdoor unit is the most detailed. If you look at
the other manuals, you will find that they generally reflect the technical service manual
requirements, sometimes with less detail and in some cases reference the outdoor unit manuals as
resources to be consulted for additional details on requirements and documentation.

Sealing Mechanism

There is nothing to suggest that anything but metal to metal contact as the sealing mechanism for the
flare joints in the Mitsubishi systems. There are no references to joint compound, gaskets, or any
other auxiliary means of achieving a seal.

Joint Fabrication

Several of the manuals include a detail of the flare connection that shows it to be a 45° flare. Figure
6.1 on page 3 of the Mitsubishi Indoor Unit Installation Manual in Appendix 1 is an example of an
illustration found in many of the manuals detailing this.

Additional discussion of the details of the flare fabrication can be found in Mitsubishi Outdoor Unit
Technical Service Manual in Appendix 2. This reference specifically points out that the flare outside
dimension to be used with the R410
equipment is different/larger than the flare
that would be used with R22 machines.
The difference is modest (about a 1-3%
difference in diameter of the formed flare
which would be compounded in terms of
surface area — i.e. sealing area by the
related circumference), but appears to be
important enough to be highlighted in the
technical information associated with the
equipment.

Since this is a minor dimensional
difference that does not seem to be called
out in all of the manuals, it is not out of
the question that a technician faced with

Figure 1 — Mitsubishi Line Set: A line set like this would making a field flare would not be aware of
still require a field flare to make the connection to the fitting .
on the left assuming the flare nut on the right was used to itand as a result, the flare would not have

make the connection to the hranch controller.
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the seating surface available anticipated by the factory engineering.

This is probably less of an issue if factory line sets are used since the flare would have been formed
in the factory (see Figure 1). But, given what appears to come with a factory line set, it would seem
like there will still be a field flare required to interface with the factory line set.

Cleanliness and keeping the piping and connections free of moisture is emphasized in most of the
manuals. This is not particularly uncommon for refrigeration piping work as moisture, air, and dirt
can cause numerous problems including compressor and motor failures.

What may not be as obvious to someone new to R410 system is the precaution to not mix tools used
on systems with other refrigerants, especially R22, with the tools used with R410 equipment. This is
because the refrigerant oil used with other refrigerants will react with R410 and create sludge and
other problems in the piping circuit and compressor, leading to failure.

Tightening the Connection
Every Mitsubishi manual | have looked at:

B Specifies that a small amount of ester oil, ether oil or alkylbenzene be used to coat the flare and
flanges before assembly. For an example, see Section 4.0 on page 7 of the Mitsubishi Branch
Controller Installation Manual in Appendix 2.

B Cautions that the oil lubricants used for this purpose are different from the lubricants used with
R22 and that using lubricants that are usually used with R22 systems (mineral oil) will cause
serious problems in an R410 system. For an example, see Section 11 on page 4 of the Mitsubishi
Outdoor Unit Technical Service Manual in Appendix 3.

Most of the Mitsubishi manuals I have looked at call out using two wrenches on the refrigeration
fittings. For an example, see Section 7.1 on page 10 of the Mitsubishi Indoor Unit Installation
Manual in Appendix 1. In some instances, torque wrenches are mentioned but | found no specific
torques called out for the flare nuts.

Vibration and Stress at the Point of Connection

Most of the manuals | looked at indicated that the tubing should be supported with-in approximately
20 inches of the point of connection to the equipment so that there is no load imposed on the
connections. For examples of this see section 4.1.7 on page 7 of the Mitsubishi Branch Controller
Installation Manual in Appendix 2 and section 7.1 on page 10 of the Mitsubishi Indoor Unit
Installation Manual in Appendix 1. Generally, this seems to be complied with as can been seen
from Figure 2 and Figure 3. That said, there are some issues that may require additional attention
(beyond the insulation issues, which are not the focus of this memo).

The obvious issue is that there is at least one instance so far where lines are not supported with-in 20
inches of the line, as can be seen in Figure 3 where the lines associated with the twinning kit connect
to the branch controller. This is a clear deviation from the Mitsubishi requirement and should be
corrected.

What is less clear is what happens if the equipment is supported in a manner consistent with the
general recommendations of the Mitsubishi manuals and the piping is braced in a similar manner,
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Lack of sway bracing may
allow relative movement
due to normal vibration or
seismic events between
flare connections and the
equipment and piping they
serve.
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Figure 2 — Law Building Branch Controller Installation over Janitor’s Closet
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Figure 3 — Law Building Classroom Branch Controller Installation
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but details of the installation still allow relative motion between the pipe and equipment. The
installation illustrated in Figure 2 is an example of this.

Specifically, the branch controller support is similar to what is depicted in the sketch on page 4 of
the installation manual. And the pipe trapeze is generally with-in the specified distance from the
controller. But, because there are no sway braces, it is possible for the branch controller to move,
thus moving the piping assembly and vice versa.

If such motion occurs, the angles between the piping and point of connection to the branch controller
tend to change, which will place stress on the joints and could potentially cause a leak. Thus, the
installation does not seem to comply with the stated intent of not placing a strain on the connections.

While large motions are unlikely unless there is a seismic event or the equipment is bumped by
someone accessing it as they crawl through the access opening and around the unit on the ceiling to
service it, they are also not out of the question. And smaller movements are likely due to vibration
from the equipment operating and in the building structure.

Siesmic restraints would likely solve the problem as they would eliminate sway, especially if they
were rigid vs. cable restraints. But for some situations like the one illustrated in Figure 3 and
possibly, the one illustrated in Figure 2, the dimensions from the unit to the ceiling may be such that
a seismic brace is technically not required. This means that it may be necessary to add sway braces
to the branch controllers and pipe supports simply to ensure the intent of the Mitsubishi installation
instructions are met and not rely on the seismic code requirements to address the issue.

Conclusions and Recommendations

Based on our research | have reached the following conclusions and make the following
recommendations.

B Verify that the contractors are aware of the details of the Mitsubishi requirements for flare
connections and have them certify that they are complying with those requirements.

B Ask the contractors to provide a submittal on the oil they are using to lubricate the flares when
they make them up for verification and record keeping purposes.

B As a part of the inspection process, prior to pressure testing and evacuation, have the contractors
disconnect flare connections selected at random by the inspector to demonstrate that they are in
alignment with no loads applied to the joint.

B Have a Mitsubishi Factory Technical Representative review the installations depicted in Figure 2
and Figure 3 to determine if additional bracing is required in their opinion, to comply with the
intent of their requirements to prevent loads from being applied to the flare connections. If their
conclusion is that additional bracing is required then this should be rectified by the contractors as
part of the contractual requirement for complying with the manufacturers recommendations. If
Mitsubishi thinks the installations are adequate, consider having the contractors provide
additional bracing as an extra if the units will not be braced to deal with seismic concerns.

B Develop a log to track the details of flare joint failures to see if there is any pattern that emerges
and thus would point us towards additional investigation or mitigation. Items to include are:
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Date and time the leak was discovered
Date and time the leak was corrected if different from the date and time of discovery
Technician doing the work.

Note if the leak was associated with piping or equipment installed under the current contract
or a previous contract.

Leak location, including the reference number of the piece of equipment where the leak
occurred and the floor and approximate location on the floor (room number, column line,
etc.)

Specifically, which fitting was leaking; for example, suction line flare connection to branch
controller or suction line flare connection to line set or brazed connection in piping run to
indoor unit.

Corrective action taken.

These recommendations will be reflected as action items on the CACEA portal. The action items
will reference this report and related appendices for details.

0

Senior Engineer — Facility Dynamics Engineering
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David Sellers

From: Thomle, Adrienne (MN10) <adrienne.thomle@honeywell.com>
Sent: Friday, November 18, 2011 1:38 PM

To: David Sellers

Subject: Re: Following up

David,

It was a pleasure to meet you too. Thanks for the information. | will look it over and get back to you. And if you have
further questions please call or email me.

Have a great Thanksgiving,

Adrienne

From: David Sellers [mailto:dsellers@facilitydynamics.com]
Sent: Tuesday, October 25, 2011 11:17 PM

To: Thomle, Adrienne (MN10)

Subject: Following up

Hi Adrienne,

It was nice to meet you last week; sorry for the delayed response. I've inserted the slides I have on
bees, which came from public domain web sites. There are some other very colorful pictures at the Ace
Clip Art site listed on the first slide. There are some really amazing and sharp pictures that are
copyright protected at www.thehoneygatherers.com, a site by Eric Tourneret, a photographer who has
been studying them for a while now.

With regard to the W7212 integration issues I have been investigating, what follows is pasted in from
an e-mail discussion I had with one of the VRF manufacturers who came across the VRF, the Good, the
Bad, and the Ugly - Cx Perspective thing I did with Mark and asked me a few questions. I include it
because it's pretty much my thoughts based on what I know so far and I thought you might find it to be
of interest.

Please bear in mind that anything that may seem like a criticism is not a criticism of your product. It'sa
very cool product that obviously has had a thought of thought put into it and really works. The issues T
have are with how people are applying it and some of the field issues that I think are important but
which I think are being ignored because, even though the economizer concept is simple, making it work is
actually quite complex.

T've also attached a .pdf of the VRF slides since I reference some of the stuff in them in this as well as
the wiring diagram I developed to wire up my mock-up.

1. ASHRAE 90.1 appears to have an economizer requirement based on an individual fan cooling unit capacity
greater than or equal to 54,000 Btu/h. Under 90.1, economizers would be required less often than as required
by Title 24 below correct?

[David Sellers] I think it is correct but to be honest, I am not a Title 24 expert. I would suggest
you ask Mark Hydeman, who was the person that hosted the class. You may know him but if not, T
can get you his contact info.



2. California Title 24 requires economizers when the system capacity exceeds 2500 CFM or 75,000 Btu/h. Basically,
any system over 6.25 tons, correct?
[David Sellers] I also believe that is true, but ditto above.
3. California interpretation:
NOTE: Economizers shall be required for systems with single units, units in series, and multiple units in
combination that equal to or exceed capacity listed in section 144(e)
of the 2008 Building Energy Efficiency Standards. The Performance Compliance Method with use of a computer
compliance program may allow you to opt out of the economizer
requirements if efficiencies are met. The question here is do you have a sense of the percentage of VRF projects
that require economizers vs. the percentage of projects that opt out
with the computer compliance program?
[David Sellers] I don't but if anyone would, or would know who would, I bet it would be
Mark. Ruben Willmarth may also know, but I suspect that might not be an option for you. All
though, this may be an issue where you would stand united vs. as competitors.
4. From your presentation it appears you favor having the OSA sensor (enthalpy or temperature) remote upstream
from the mixing box for optimum control.
[David Sellers] Not necessarily. The sensor I worry about the most is the sensor that controls
the economizer, i.e. the sensor measuring mixed air temperature. My point is that (I know this
from experience and measuring it) the temperature and velocity profile in a mixed air plenum, even
a small one, can be quite stratified, and also quite dependent upon damper position, especially if
the point you are looking at is immediately downstream of the damper location, meaning no time for
mixing to occur. What that means in the context of the example in the slide below is:

Control Sensor |Installation

" Damper face velocity = 800 fom
B iing plenum depth = 38"
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o The air temperature at the sensor location I show (the green circle) when the economizer is
in some modulated state, is likely closer to the OA temperature than not and the
temperature on the side of the plenum near the return damper is likely closer to that.

o The shape of the temperature profile will vary with damper position. At high return air
flow, the return temperature will be reflected further across the plenum than at low return
air flows and vice versa.



o The flow profile will vary with damper position. If you are on 100% return air, I would not
be surprised to see higher velocities (more flow) on the side of the plenum closer to the
return damper. On 100% OA, the velocities will tend to be more uniform in this particular
configuration.

o The velocity and temperature profile variation will vary with mixing box configuration.

o The actual mixed air temperature is a function of both the air temperature and the mass
flow rate at that temperature. An easy way to visualize this is to imagine mixing 99 gallons
of 100°F water with 1 gallon of 50°F water. The result is 100 gallons of water that is at
a temperature closer to 99°F than not. It's not 100 gallons of water at 75°F, which is the
average of the temperatures.

e For an economizer to deliver the intended benefit, it has to know the true mixed air
temperature. In the situation above, a single point sensor will probably be wrong most of
the time and even an averaging sensor will be wrong a lot of the time because of the flow
stratification. You might be able to get the single point sensor to work if you did a lot of
testing (check temperatures at different points with different damper positions when it was
cold enough outside to deliver meaningful information and then use the spot that is most
representative of the average under all conditions - if such a spot even exists). But a guy
with no support and a pile of parts and an edict to " get this installed as fast as you can
because we're over budget on this one” probably will not do that.

o There are ways to mitigate the problem a bit, one that comes to mind that might be easy
to do for this particular situation would be to put the economizer someplace else besides
bolted up to the unit so there is distance for the air to mix. If there were an elbow or
two in between, so much the better.

The other point with regard to the location of the sensor controlling the economizer is the decision
regarding whether it should it be ahead of the cooling coil or after the cooling coil. The Honeywell
Iiterature basically says either will work but ahead of the cooling coil provides the most

savings. All of that is true but there is a lot more to it (my opinion) than that.

If you put the sensor controlling the economizer ahead of the cooling coil (in the mixed air
plenum), it will control the economizer independent of any influence from any cooling provided by
the refrigeration system. Thus, it will deliver an integrated economizer cycle, assuming the
refrigeration is controlled by something else, like space temperature or discharge temperature. In
other words, you will continue to stay on 100% outdoor air until the change over sensor takes you
off of the economizer cycle and the refrigeration equipment will make up the difference when the
OA is not cool enough to satisfy the load in the space.

For the Honeywell controller, there is no set point adjustment and also no mention of the set point
the controller shoots for when it is controlling the economizer dampers unless you read the fine
print in the test procedure, where it sort of alludes to it. But if you experiment with the



controller, you can discover that it is 55°F, which tends to be the 'generic” discharge temperature
we use in our systems and which will be about right for most commercial buildings.

So, with any economizer process, you will end up at 100% outdoor air when the outdoor air
temperature equals the set point of the economizer control process. Meaning, that for the
Honeywell controller, you will be at 100% outdoor air when the outdoor air temperature reaches
55.

With an integrated economizer, if the outdoor air is above 55°F and you have a design load
internally, you will not be able to meet the load and the refrigeration will have to run,. But the
load on the refrigeration system will be modest, at least initially (which is the whole idea of an
integrated economizer). For instance, if its 56 °F outside, the refrigeration system only has to
drop the temperature 1°F.

In contrast, if you locate the sensor in the discharge of the cooling coil, when the refrigeration
cycles on because the OA cannot meet the load, then the sensor will see colder air than actually
exists outside and will tend to drive the dampers closed, which will generally provide a non-
integrated economizer cycle. (A non-integrated economizer quits using outdoor air if the outdoor
air is not cold enough to handle the load. Generally this means the cycle is terminated if the
outdoor air temperature rises above the required discharge temperature for the economizer
controller.)

So, for a non-integrated economizer cycle, when it got to 55°F, you would be on 100% outdoor
air. In a perfect would, if the system was designed to handle the load with 55°F air, you would
be O.K. But if the outdoor air temperature got to 56 °F, you would no longer meet the load and
the refrigeration would have to run. For most non-integrated economizers, the decision to
terminate the economizer process at this point is proactive, i.e. there is a control function that
monitors outdoor air temperature and compares it to the set point for the mixed air control loop
(or discharge control loop if that is what is controlling the economizer), and if the loop set point
/s above the OAT, it terminates the economizer.

The Honeywell approach mimics this reactively by virtue of where they locate the sensor, as
described above. The problem is, the instructions don't really discuss this, they just say either
location works but the location of ahead of the coil (integrated economizer) will deliver the most
savings. That probably is because the person writing them understood all of that and didn’t realize
or actually believed everyone in the field would know that too, but they don't.

The other issue here is that if you provide an integrated economizer with a refrigeration system
that is not able to turn down, you will end up short cycling the compressor and ruining it during
mild weather because there is only a modest load on the coil.

So, for instance, if you have a 5 ton package unit that has one step of capacity control, "On” or
"Off”, then, when you need 55°F and its 56 °F outside and the integrated economizer has you on
100% outdoor air and the OA cannot handle the load, the compressor will cycle on. But since the
load is only a 1°F At (56 °F to 55°F), 5 tons will be way more than you need and the compressor
will stop as soon as it starts. But since you need it, eventually it will start again, either the
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discharge temperature it is controlling to will go back up as soon as it cycles off, or the space
temperature it is controlling to will not have been dropped enough to satisfy the call for cooling by
the short burst of cold air.

So, bottom line, going to an integrated economizer on a package unit can be a bad idea. All the
energy you save with the economizer will be eaten up in compressor replacement costs or by hot
gas bypass operation if the system has it.

So, for me, in the context of the current discussion, there are two issues here. One is that the
Honeywell instructions make no mention of this, at least none that I saw. They basically say
either location will work and the location that would deliver an integrated economizer cycle will save
more energy. So, someone ftrying to do the right thing (install an economizer to save energy) is
likely to put the sensor in a location that will eventually destroy the compressor on a packaged unit
with no turn down capability (what you tend to get in a low bid environment, which is how folks
tend to buy them). Or it will waste energy by causing the hot gas bypass to run if the system is
equipped with that.

From the VRF side of things the issue (for me) is this. There is a perception out there, at least
from what I can tell (and I say this having ask folks and because I had it too until I sat down and
talked to Ruben) that VRF systems have infinite turn-down capabilities. From what I know now
(and your equipment may be different), that's not true. At the fan coil level, you are looking at
about 257% of total capacity as the minimum load you can run at; at the system level, maybe 19-
20%. So that means you could have the same sort of issue if all of the fan coils happened to see
a similar load profile and their economizers unloaded them at about the same time. Not as big a
deal I suspect on a system with some perimeter loads and internal loads and some diversity. But I
think a conceivable possibility for a system that happened to serve 100% internal loads with the
same load profile.

A related problem (that shows up towards the end of my slides) is that if you put in a 4 ton fan
coil for a 1 ton load, you see major space temperature swings as the control algorithm tries to
handle the load without being able to turn down as necessary to meet it. I think we should be
able to engineer our way out of that one,; for instance, size the unit you install for the current
load but provide wire and line sets that will handle the potential anticipated future load so you can
replace the fan coil unit with a larger one if it ever happens (I know it's probably a bit more
complicated than that, but I bet we could do a better job than we are doing).

But folks seem to have stopped engineering. So, on at least one campus, where one of the major
reasons they were going to VRF systems was because the consultants kept putting in 600 ton
chillers to handle 300 ton loads that had about a 20 to 1 or more turn down ratios, they now have
4 ton fan coil units put in to serve 1 ton loads (because it might be 4 tons some day. key words
there are “might” and ‘someday”). So, they switched the problem from a central plant to fan
coils above inaccessible ceilings and condensing units no roofs with difficult access routes.

The OA sensor location is a different discussion. In the example, we initially found the enthalpy
sensor basically tossed into the duct through a hole that had been punched with a screw driver and
not sealed very well with the Iittle lovers on the sensor laying on the bottom of the duct. The
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improved mount (bolt it to a plate) helps since at least the sensor is now more likely to see air
flow.

But one still has to wonder how responsive the sensor will be and how good of a job it will do with
the little louvers vs. a sensor directly exposed to the air stream. Probably better than the
“clicks-on” which is the lowest cost approach so guess which one you will get on a low bid job or a
‘replace that as cheap as possible” maintenance order. But the ‘clicks-on” (and the dry bulb
sensor Honeywell makes as an option) are likely more persistent than the enthalpy sensor because
of the issues associated with measuring humidity, at least in my experience (see attached NBCIP
reports, which document what anyone out in the field knew from experience) (we probably would
have named the same names).

In this case, the OA duct is actually a duct from the discharge section of an economizer equipped
AHU vs. a duct to a louver on an exterior wall some place (another discussion point, that I will
reserve for our conversation unless you want me to elaborate before then; I would not be
surprised if it happens a lot). What that means is that the OA duct is positive, not negative

In addition to the change over sensor issue I am about to elaborate on, this means the OA flow is
a function of what the source unit and other zones fed by the source unit are doing. So, setting
up the minimum OA flow for any given fan coil unit is a lot more complex than it would be if there
was a duct to a louver on the wall. And it means that the procedure outlined in the W7212
literature for setting it up would flat out not work. It also means that if you don't close the OA
damper on the VRF unit economizer when the fan is off, you will blow cold air through the zone,
like it or not.

In any case, what that means for the change over sensor is that you don’t have to worry so much
about “faking it out” due to drawing air in through a hole to the return plenum. How critical that
is comes down to the pressure in the OA duct (positive or negative) and the type of sensor you
use. Honeywell, as near as I can tell, considers both of the sensors in the pictures below to be
equivalent for the mixed air sensor (I realize we are talking about the change over sensor here,
but the same concepts apply).






I'm pretty sure there is a potential installation problem associated with the first one that would
mean it would see a lot of air from the plenum around the OA duct if the OA duct was
negative. And I think it is the least expensive one, which means it's the one you may be more
likely to get.

That said returning to the change over sensor, as long as it's really seeing OA, then it does not
matter much where it goes as long as it is in the OA stream. I worry more about the reliability of
a sensor that has too measure humidity (enthalpy sensors calculate enthalpy based on temperature
on humidity as far as I know; I don’t think we have a technology that measures enthalpy
directly). So, I tend to side with Steve Taylor's conclusion about using a dry bulb based change
over in his ASHRAE journal article (copy attached if you are not familiar).

5. From your presentation you have concerns about the mixed air sensor location in the mixing box. Could there be
an optimum location centered in the box or did the box manufacturer simply place it on the end?

[David Sellers] See preceding; the box manufacturer does not place it, the field guy does. The
Honeywell information recommends general locations (ahead of vs. after the cooling coil) but not




specific guidance relevant to the stratification issues I discuss although I think they allude to that

at one point.
6. You were rightfully critical of the interface documentation. After reviewing the Honeywell data and a particular
manufacturer’s interface drawing and actual unit wiring configuration, | can see there is a real need for accurate
interface diagrams.

[David Sellers] I made one for a generic case that is on my blog: copy attached, including the
CAD file. Feel free to use it if it’s helpful. It works; I had it on my drafting board for a while
and just used it in a class yesterday for a lab exercise. But you have to understand all the
details and get them right, which is where I plan to head with my blog string. We (as an industry
and a society) have got to quit screwing things like this up.

I also was pretty critical of access issues, but if you heard me do the talk, you would have heard
me say that the VRF examples were just indicators of an endemic problem out there. We have
got to make the technology serviceable, including the economizer, serviceable, if we want the
benefit to persist. You may have tried working on one of these things that is 15 feet above a
hard ceiling with an 18" square access opening that is 8 feet above the floor, so you know what I
mean. If not, you may want to try taking the economizer check out procedure in the W7212
manual and the service instructions for one of your units and go try to do them in such a situation,
as I think it will be enlightening.

If we can dedicate server rooms to our computer systems, electrical closets to our electrical
distribution systems, and communications closets to our phone systems, maybe we need to think
about making branch controller rooms for projects that use that technology and also think about
how we locate the fan coil units, especially the economizer equipped fan coil units, a bit more.

Thanks for your interest and help.

Anyway I hope this is not "more than you cared to know about elephants” as Al Black, a mentor of mine
was fond of saying.

Thanks for taking the time fo talk at lunch. I enjoyed meeting you and hope to cross paths again.
Best,

David

Senior Engineer

Facility Dynamics Engineering

Northwest Satellite Office

8560 North Buchanan Avenue

Portland, Oregon 97203

Office - 503-286-1494

Cell - 503-320-2630

DSellers@FacilityDynamics.com
http://www.facilitydynamics.com/

View A Field Perspective On Engineering and past posts from
A Field Guide for Engineers at http://av8rdas.wordpress.com/
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