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Cassette
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In5oVUSUDIN1A TRANE 1-Way Cassette [d5Sunisooniuudgdsulkuiowi:ao Aduiv
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suiduRgausuluiBavAtuNIWIA:AIUNUNUTUNISHIVIU AUATI:US:KTaWALVIUADY
aanus:kgalwiuas 5 unassnut 2019 AviiduunanisitALIGU 13,000-30,000 Btu/h
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+ AVgruKNDlA 15-30 °C / L

« Fan Speed 4 s:qu UsuAouiScau : Ve
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« Power Cool S:UUISVADWIAUISD

- Sweep Function ns:ongauidulk
Mmdvlagaalula

« USs:uu Auto Restart
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TagansriAwiduduiduavAisidovAtviy A51vaVHVWEaNSUDUNIDDaAUU
IAluWUIAUANTE (Kigali Amendment to the Montreal Protocol) RinauvAuls
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(phase-down) dbanswAuaw nisldaisnaulolaswaoalsAsuau (HFCs) o
UoAUTBAUSTNANIRKGe1UUWSans Bvuus:inAlngo:dovdidunisikaaguu

dolu
1SV 1 : Phase-down Schedule Q1S1V 2 : Article 5 Parties : Group 1
100 = .
! Baseline Years 2020, 2021 & 2022
90 | 1 : =
Baseline Average production/consumption of
0 Calculation HFCs in 2020, 2021, and 2022
0 plus 65% of HCFC baseline
v ol production/consumption
3
2" Reduction steps
- 2024
- coai Freeze
%04 Step 1 2029 10%
*1  —Articie 5-Grow 1 = | e Step 2 2035 30%
10 «Article 5 - Group 2 (Bahrain, India, Iran, Iraq, Kuwait, Oman,
Pakistan, Qatar, Saudi Arabia, and the United Arab Emirates) Step 3 2040 50%
ol et el ey gy e e e
TERRRERERERRRERRRRRRERE R Stap 4 248 00%

fiu : UNEP Fact Sheet Kigaki Amendment to MP, Ezra Clark & Sonja Wagner/OzoneAction
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Tangoitiovonansikaid na:valknnUs:inAdudusovnisidavaasniulu
n1saanisidaisnau HFCs doiaavfuansiv 1 svus:inAlnedaidukdolu
NauuUssinAMavwaJun Article 5 - Group 1 QWUB2VI2a10MUANSIVA 2

HFCs

HCFCs

Substance GWP vlud
HFC-134 1100 HCFC-1 151
HFC-134a 1430 HCFC-22 1810
HFC-143 353 HCFC123 m
HFC-245(a 1030 HCFC-124 609
HFC-365mic 94 HCFC-141b 125
HFC-22Tea 3220 HCFC-142b 2310
HFC-236¢ch 1340 HCFC-225¢a 122
HFC-236ea 1370 HCFC-225¢h 585
HFC-236fa 8810
HFC-245¢ca 693 CFCs
oo o0
HFC-32 875 CFC-1 4750
HFC-125 3500 CFC-12 10900
HFC-143a 4470 CFC-113 6130
HFC-41 @2 CFC-114 10 000
HFC-162 53 CFC-115 7310
HFC-152a 124 '

AU1 : UNEP Fact Sheet Kigaki Amendment to MP,
HFC-23 14 800

Ezra Clark & Sonja Wagna/OzoneAction

e o | e

Flammability

Toxicity
Fluid Efficiency
Capacity Change

R-123
Non (1)
Higher (B)
9.4 COP
1

Low Pressure
R-1233zd
Non (1)
Lower (A)
9.3 CoP
35% Gain

R-514A
Non (1)
Higher (B)
9.4 Cop
Same

R-134a
Non (1)
Lower (A)
8.5Ccop
1

Medium Pressure

R-513A
Non (1)
Lower (A)
8.3 COP
Same

R-1234yf
Slight
Lower (A)
8.2cop
5% Loss

R-1234ze
Slight
Lower (A)
8.5CopP
25% Loss
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drogvnisAuduAUgtyIdeuno

Fﬁuafumwuduzjfy|§&meudu7us:uuriam§ndw yuQ
no DN 100 mm. (I.D 102.26mm) AduUs:ansAu
K&IU 120 das1mslka 500 m*/s GAWe1dnRD 400 m.

INnuAfugas (Hazen-William equation)

400x500"8°

Hf =10.67
/ 120185 102.26*87

Hf = 0.000976 m.
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stiario ﬂz};’n*:;’;u aTuUs:éné'cnmmeu
nonavIav 0.001-0.002 130-150
NoW33 0.0015 - 0.007 140-150
noaalauiad 0.015 150
noikannalu 0.045 - 0.09 120
nolkankao 0.25-0.8 100




Efficiency, Price, Pressure Drop,
Corrosion Resistance, and Longevity
Optimization

Enhanced Tubes
Enhanced tubes have superior heat transfer
characteristics, which translates into better

efficiency and lower chiller energy consumption.

Enhancements provide two benefits: more
surface area where heat can be transferred
from one side of the tube to the other, and
more fluid turbulence. Externalenhancements
are optimized for the refrigerant properties and
the application (boiling or condensing), while
internal enhancements affect the fluid flowing
through the tubes. Several different types of
enhancements are available.

TECU

e 3/4" outside tube diameter, with a large
number of internal starts (twists) to achieve
high efficiency.

e Higher associated pressure drops than IMCU
or TECU

IECU

e 1" outside tube diameter, with a large number
of internal starts (twists) to achieve high
efficiency.

e Fouling rates are comparable to TECU tubes

Engineers Update
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Water-Cooled

Chiller

e Overall not as efficient as TECU tubes due to less effective
heat transfer area caused by lower tube counts in the
heat exchangers.

e | ower pressure drops tha TECU and IMCU tubes.

IMCU

e 1" outside tube diameter, comparable fouling rates and
cleanability as TECU and IECU tubes.

e Provide higher efficiency but higher pressure drop than
IECU, and are more cost effective than some TECU options.

e Micro-Enhanced tubes do no follow the typical rifling or
twisting pattern as other enhanced or low-fouling tubes

e Depending upon manufacturer and/or the location of the
tube (evaporator or condenser), the internal enhancement
can resemble a crisscross "waffle" pattern or a rough
"pebbled" surface

Tube Diameter
Two outside tube diameters are used in Trane chillers 1-inch
and 3/4-inch. The tube diameter affects the number of tubes
that can be used in a heat exchanger for a specific capacity,
and the efficiency and pressure drop that corresponds with it.
The number and size of the tubes— along with the shell size
and length—also affect the amount of refrigerant required to
charge the chiller. Depending on the specified chiller efficiency
and any pressure drop limitations, the most cost effective
selection could use 1-inch tubes in both the evaporator and
condenser, or 3/4-inch tubes in both the evaporator and
condenser, or 1-inch tubes in one heat exchanger and 3/4
inch tubes in the other heat exchanger.
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Shell Length

CenTraVac chillers are highly customized, and different
shell lengths are available with multiple compressor
combinations. For a given tonnage, longer shells usually
mean higher efficiency, while shorter shells lower the
cost and the waterside pressure drop. It is also possible
to use longer shells to extend the capacity range of a
given compressor.

Tube Thickness

Thicker wall tubes provide more corrosion resistance,
but decrease heat transfer efficiency. Thinner wall tubes
cost less and have slightly better initial efficiency, but
offer less corrosion resistance. The critical thickness is
where the tube is the thinnest (in the finned section),
and not in the tubesheet area where all tubes are
between 0.05 and 0.06 inches thick. For both evaporators
and condensers, Trane offers three tube-wall thicknesses:
0.025, 0.028, and 0.035 inches. The most frequently
recommended tube-wall thickness for both evaporators
and condensers is the 0.028-inch tubewall.

Wall Thickness (Root-to-Root)

e ’\-\

L

Wall
thickness
(root-to-root)

Intermediate Tube Support

Intermediate support sheets are welded into the evaporator

and condenser shells at 2- to 3-foot intervals throughout
the length of the shell. The tubes are secured at the
intermediate tube support sheets to ensure a snug fit.

Engineers Update

Tube-clip supports

Previous Trane design and the current designs
of other manufacturers use “skip-finned” tubes
in order to secure tubes to intermediate support
sheets (see Figure 2, and Figure 4). Tubes are
designed with un-enhanced sections in order to
allow for direct internal mechanical expansion
into support sheets for a tight fit.

Figure 2.  Skip-finned design Figure 4.  Skip-finned tubes in use
un-enhaAEd section un—mmm
e'\m-\wv\.«-& WA

VWY wuvj_,_/\«wfxwu\a
T tube support

enhanced section

Due to the nature of how tightly the tubes are
bound to each support sheet, the skip-finned
design leaves tubes vulnerable to excessive strain
as a result of thermal expansion and contraction.
Also, not only do skip-finned tube supports
decrease the heat transfer surface area, they make
tube maintenance and replacement (if needed)
extremely difficult.

As a result of replacement difficulties, water plugs
are typically placed on both ends of a failed tube
to impede water flow and prevent leakage between
water and refrigerant circuits. Depending upon how
many tubes fail, the use of several plugs can result
in decreased heat transfer capability and efficiency.
Often, when several tubes are in need of
replacement, entire shell bundles are replaced due
to the time and difficulty of finding and removing
failed tubes.

Trane uses tube-clips (see Figure 3, and Figure 5),
which offer improved chiller efficiency by increasing
the effective surface area on each tube. Because
“skipped” portions of the tube are no longer required
for tube rolling at the supports, the tubes can be

Supporting the weight of the tubes is easy, but preventing enhanced down their entire length, significantly

the tubes from movement is what influences the design of

the tube supports.

increasing the heat transfer area.
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Figure 3.

Tube-clips in use

Figure 5.

Tube-clip design

tube clip

2=
NWW\MWWV’\ ANAAAAA

WA, f./)".""'\.r’\.MN'\V AANAAAA
=
tu he su pport

enhanced section

Compared to a skipped-fin design, which uses manual internal
tubeexpansion and is susceptible to misexpansion (tubes expanded
outside of tube supports), tube-clips fit securely in place, are
extremely reliable, and extend past the tube supports. Tube-clip
support sheets are constructed of gauge steel because internal
mechanical expansion (tube rolling) no longer exists, and the tube
weight is distributed over a larger surface area with the tube-clips.

Tube vibration concerns are eliminated as a result of the unique
damping effect of the clips, which dissipates the energy that would
start the tube vibration. Tube-clips allow lengthwise movement that
provides a greater tolerance for thermal expansion and contraction,
and makes it easier to remove the tubes if service work or
replacement is ever necessary—the tubes only need to be broken
loose at the tube end sheets instead of down the entire length of the
shell at each support sheet.

Tube-clips have been used in Trane products for over 50 years
with proven success.

Material Selection

Copper tubes are used for most chiller applications today. Copper
is a highly conductive metal that provides cost effective chiller
efficiency. However, based on the application, some customers
prefer to specify a different material.

Condensers are more likely to use special tube materials than
evaporators. This is because the evaporator is part of a “closed
system,” whereas the condenser is often an “open system” exposed
to the outside environment. Systems with open cooling towers require
proper on-site tower maintenance and water quality control to
eliminate the need for and expense of specialty tubes. When
condensers are in direct contact with poor quality water, corrosion is
often a concern and special tube materials are available for those
applications.

Engineers Update

Trane offers cupronickel, stainless steel,
and titanium tubes. Tubesheets can be
clad in the same tube material or
covered with a special ceramic epoxy
coating. Clad tubesheets have an
embedded layer—approximately 1/4 inch
—of material on the outer surface of the
tube end sheets.

Waterboxes are often coated as well
and supplied with sacrificial anodes. If
marine style waterboxes are provided
the baffle plate can be constructed of
stainless steel. If brackish water is a
concern, the combination of stainless
steel or titanium tubes with the
appropriate tubesheet cladding,
waterbox coatings, baffle plates (marine
waterboxes) and sacrificial anodes
should be considered. Titanium tubes
with titanium clad tubesheets are often
used with seawater condenser loops or
where industrial chemicals might leach
into the water loops. For example, paper
mills often require titanium in both the
evaporator and condenser heat
exchangers for this reason.

Many customers with brackish or salt
water prefer to use intermediate heat
exchangers to avoid sending corrosive
water directly into their chiller. In
extremely corrosive applications, both
intermediate heat exchangers and
specialty tubes are used together.

Tube Type | Description of material
Copper for lowest cost and

Cu highest efficiency

. 90% Copper and 10% Nickel

CuNi 90/10 | for good corrosion resistance

Ti Titanium for excellent
corrosion resistance
(saltwater or chemical)

to be continued...
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Dedicated Outdoor Air Systems
Trane DX Outdoor Air Unit

Designing a Dedicated OA System

In most applications, in most climates, the dedicated OA unit is sized to
dehumidify the outdoor air to remove the moisture, or latent load, from the
entering outdoor air, and is often then dehumidified a little further. In this case,
the resulting dew point of the conditioned air is drier than the space, dry
enough that this quantity of outdoor air also removes most, or all, of the space
latent loads (Figure 7).

Figure 7. Sizing the dedicated OA unit to offset space latent loads
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In some cases, the local HVAC terminals may also help to dehumidify the
space when the sensible-cooling load is high, yielding an indoor humidity that
is drier than the maximum upper limit. As a rule of thumb, size the dedicated
outdoor air unit so that it offsets both the ventilation load and the space latent
loads at the peak outdoor-enthalpy condition.

Selecting the Dedicated OA Unit

The following steps establish the required airflow, dew point, and dry-bulb
temperature for the conditioned air.

Step 1: Determine the entering-air condition. Three factors dictate the
capacity required from the dedicated outdoor air unit: airflow, the enthalpy of
the entering outdoor air, and the enthalpy of the conditioned air leaving the
cooling coil. If the outdoor airflow is constant, then the basis of design is the
condition resulting in the greatest difference in enthalpy across the cooling
coil.

Indoor latent loads fluctuate with occupancy and processes, as well as with
ambient conditions and wind through infiltration. These variables can make it
difficult to discover when the greatest enthalpy difference occurs. However, if
the latent loads within the space are relatively constant and infiltration is
minimal, assume that the greatest enthalpy difference occurs at the highest
outdoor air enthalpy.
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Designing a Dedicated OA System

The examples throughout this guide

are based on "0.4 percent” data from

the ASHRAE climatic data tables. This
percentage indicates that the temperature
is likely to equal or exceed the design value
for 35 hours each year. Some design
engineers choose to use more extreme
conditions; others base their designs on
the *1 percent” or 2 percent” values,
which represent more hours.

In most climates, the peak latent ventilation load occurs at a lower dry-bulb
temperature and higher dew point than the outdoor air condition that
produces the peak sensible ventilation load. The ASHRAE Handbook—
Fundamentals is a popular source for climatic data representing the outdoor
design conditions for many locations. To aid the design of cooling and
dehumidifying systems, the handbook includes:

¢ Peak dry-bulb and mean-coincident wet-bulb temperatures
(sensible-design condition)

¢ Peak dew-point and mean-coincident dry-bulb temperatures
(latent-design condition)

* Peak wet-bulb and mean-coincident dry-bulb temperatures
(enthalpy-design condition)

Table 2 (p. 10) lists the 0.4 percent, cooling-design data for Jacksonville, Fla.
Plotting these values on the psychrometric chart (Figure 8, p. 10) illustrates
that the highest outdoor enthalpy exists at the peak wet-bulb condition. In
this case, the enthalpy of the outdoor air is 9 percent higher than it is at the
peak dry-bulb (sensible-cooling design) condition.

Note: Using the peak dry-bulb condition as the basis of design will undersize
the dedicated outdoor air unit, making it unable to properly dehumidify
the outdoor air at certain part-load conditions. Remember that the
primary purpose of the dedicated outdoor air system is to properly
control space humidity at all load conditions.

Step 2: Choose the maximum limit for space humidity. The leaving-
air dew point is determined so that the space humidity level does not exceed
some defined upper limit at worst-case conditions. Some design engineers
might choose 50 percent relative humidity (RH) for the upper limit; others
might choose to design the system to allow the humidity to rise a little higher
{e.g., 60 percent RH) at worst-case conditions.

Note: Some types oflocal cooling equipment, such as chilled beams orradiant
cooling panels, cannot handle any condensation. If this type of
equipment is used, the outdoor air must be dehumidified to a dew point
low enough to remove all of the space latent load plus some margin of
safety to prevent condensation from forming on the local equipment.
As an example, the upper humidity limit might be 55°F (13°C) dew point.
This allows water at about 57°F (14°C) to be sent to the chilled beams or
radiant panels without condensation.

In this example, combining the 75°F (23.9°C) setpoint for the space with a
maximum relative humidity of 50 percent corresponds to a humidity ratio of
64.9 grains/lb (9.3 g/kg) or a dew point of approximately 55°F (13°C).
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Designing a Dedicated OA System

Table 2. Design weather conditions for cooling/dehumidifying in
Jacksonville, Fla.(@

Design condition Enthalpy

95.8°F (35.4°C) DB,  40.2 Btu/lb
76.8°F (24.9°C) WB  (75.6 ki/kg)

78.7°F (25.9°C) DP,  43.6 Btu/Ib
83.7°F (28.7°C) DB (83.5 ki/kg)

80.4°F (26.9°C) WB,  44.0 Btu/Ib
88.4°F (31.3°C) DB (84.5 ki/kg)

Peak dry bulb, mean-coincident wet bulb

Peak dew point, mean-coincident dry bulb

Peak wet bulb, mean-coincident dry bulb

(a)Source: 2017 ASHRAE Handbook-Fundamentals, Chapter 14 (0.4% condition)

Figure 8. Comparison of outdoor air enthalpies at 0.4% cooling-design
conditions for Jacksonville, Fla.
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Step 3: Determine the latent loads in the space. The dedicated
Managing Building Moisture, Trane outdoor air unit will offset the local latent loads in the space it serves, as well
applications engineering manual SYS-AM- ¢ 4ha total ventilation load. Common sources of latent load include
15, helps designers identify and quantify R 4 i .
molsture sources. It also presents respiration from people, processes (such as cooking), and the infiltration of

moisture-management techniques for the humid outdoor air through cracks and other openings in the building
building envelope, occupied spaces, and structure.
mechanical equipment rooms.

For this example, the dedicated outdoor air handler serves four classrooms
of a school in Jacksonville, Fla. Table 3 (p. 11) lists the latent load for each
space; in this case, the latent loads presumably remain constant whenever
the building is occupied.
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In the Q. equations at right, 0.69 and 3.0
are derived from the properties of air; they
are not constants. At the "standard” air
condition, which is 69°F (21°C) dry air at
sea level, the product of density, the latent
heat of water vapor, and a conversion
factor for units— 7,000 grains/Ib (1,000
grams/kg) and 60 min/hr—equals 0.69
(3.0). A different air condition or elevation
will result in a different value.

Step 5 (Classroom 101):

QL = 5,250 Btu/hr
= 0.69 x 450 cfm x (64.9 gr/lb - Wea)
. Wea = 48.0 gr/lb

(QL=1.5kW)
(=3.0x0.21 m3s x [9.3 g/kg - Weal)
{.'. Wca =B. BZQﬂ(g]

Step 4: Determine the total airflow that the dedicated outdoor air
unit must deliver. If a centralized piece of equipment brings in outdoor air,
and then delivers only outdoor air (not mixed with any recirculated air) to
one or more ventilation zones, ASHRAE Standard 62.1 classifies this as a
“100-percent outdoor air ventilation system.” Accordingly, the system-level
intake airflow (Vot) delivered by the dedicated OA unit should be the sum of
the calculated zone outdoor airflows (Voz):

Vot = Z Voz

Given the zone outdoor airflow requirements (Vqz) listed in Table 3, the
dedicated OA unit in this example must deliver a total outdoor airflow of 1815
cfm (0.86 m3/s).

Table 3. Design criteria for a DOAS serving four classrooms in Jacksonville,
Fla. (example)

Space characteristics Classroom 101 Classroom 102 Classroom 103 Classroom 104

Eanaliiclioad 29,750 Btu/hr 26,775 Btu/hr 26,927 Btu/hr 28,262 Btu/hr

(8.7 kW) (7.8 kW) (7.9 kw) (8.3 kW)
5,250 Btu/hr 5,465 Btu/hr 5,697 Btu/hr 5,250 Btu/hr
L ied (1.5 kW) (1.6 kW) (1.7 kW) (1.5 kW)
Sensible-heat ratio
(SHR) 0.85 0.83 0.83 0.84
Hadur el S aasEr alrfiai 450 cfm 450 cfm 480 cfm 435 cfm
b (0.21 m3/s)  (0.21 m3/s)  (0.23 m3/s)  (0.20 m3/s)
Humidity ratio of 48.0 grains/Ib 47.3 grains/lb 47.7 grains/lb 47.4 grains/lb
conditioned air, Wea (6.92 g/kg) (6.76 g/kg) (6.84 g/kg) (6.80 g/kg)

Step 5: Determine which zone requires the driest conditioned
outdoor air. Because the dedicated outdoor air unit will offset the latent
loads in each space (as well as the total ventilation load), the conditioned
outdoor air must be dry enough to enforce the maximum humidity limit in
the worst-case space. Use the following equation to calculate the required
conditioned-air humidity ratio, Wca, for each space:

QL =0.69 x Vg x (Ws, —Wey)
(Qu=3.0xVyy x[Wep —Wez D

where,
QL= latent load in the space, Btu/hr (kW)
Voa= conditioned outdoor airflow, cfm (m3/s), which is supplied to the
space by the dedicated outdoor air handler
Wea= humidity ratio of the conditioned outdoor air, grains/Ib (grams/kg)
Wsp= maximum limit for the humidity ratio in the space,
grains/Ib (grams/kg)

For example, to ensure that the humidity (Wsgp) in Classroom 101 does not
exceed the maximum limit of 64.9 grains/Ib (9.3 g/kg), the humidity ratio of
the conditioned outdoor air, Wea, must be 48.0 grains/Ib (6.92 g/kg).

Table 3 shows the results of this calculation for all four classrooms. Although
the highest latent load exists in Classroom 103, the “critical space” is




Engineers Update

% TRANE

Designing a Dedicated OA System

Classroom 102 because it requires the driest air (lowest humidity ratio, Weca).
Supplying the conditioned outdoor air at a humidity ratio of 47.3 gr/lb

(6.76 g/kg) will offset the latent load in each classroom and assure that the
humidity in Classroom 102 does not exceed the maximum limit; lower
humidities will result in the other classrooms.

Step 6: Determine the required dew point for the conditioned
outdoor air. With the help of a psychrometric chart (Figure 7), we find that a
humidity ratio of 47.3 grains/Ib (6.76 g/kg) is equivalent to a dew-point
temperature of 46.7°F (8.2°C).

Step 7: Determine the supply-air dry-bulb temperature for the
dedicated outdoor air handler. If the system design requires neutral-
temperature conditioned air, then the air leaving the dedicated outdoor air
unit must be reheated to the desired dry-bulb temperature. This is typically
between 70°F and 75°F (21°C and 24°C).

If the system design is based on cold conditioned air rather than neutral-
temperature air, then the dry-bulb temperature from the dedicated outdoor
air unit depends on the supply-air dew point. In our example, assuming that
saturated air leaves the cooling coil, then the leaving-air dry-bulb
temperature may be delivered as cold as 47°F (8.3°C), or might be reheated to
a more conventional air-delivery temperature, such as 55°F (12.8°C).

Note: For simplicity, our example does not include the effect of fan heat. A
draw-through fan arrangement will increase the dry-bulb temperature
ofthe conditioned outdoor air. The slightly warmer air offsets less of the
sensible load in the space, which will affect the selection criteria for the
local HVAC terminals.
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The most common approach to controlling the dedicated OA system is to turn
it on when the building is expected to be occupied. The same time-of-day
schedule that is used to start and stop the local HVAC terminal equipment is
used to start and stop the dedicated OA system.

The fan in the dedicated OA unit is activated to bring in the required amount of
outdoor air for ventilation, and cooling, dehumidification, or heating is
modulated to maintain the discharge air at the desired conditions.

The operating mode for the dedicated OA unit is based on the current outdoor
air conditions. Outdoor temperature and humidity sensors are used to
calculate the outdoor air dew point, and compare it to the desired leaving-air
conditions. This determines whether the unit operates in Dehumidification
Mode, Sensible Cooling Mode, Sensible Heating Mode, or if conditions are
sufficient for the unit to operate in Ventilation Only mode (Figure 9 and

Table 4).

Figure 9. Dedicated OA unit control modes
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Table 4. Dedicated OA unit control modes
Control mode Outdoor conditions
Dehumidification Qutdoor Air Dew Point > Dehumidification Enable Setpoint

Qutdoor Air Dew Point = Dehumidification Enable Setpoint

Sanslble:cacling Outdoor Air Dry-Bulb Temperature > Cooling Enable Setpoint

Outdoor Air Dew Point < Dehumidification Enable Setpoint
Ventilation only Heating Enable Setpoint £ Outdoor Air Dry-Bulb Temperature <
Cooling Enable Setpoint
Outdoor Air Dew Point < Dehumidification Enable Setpoint
Outdoor Air Dry-Bulb Temperature < Heating Enable Setpoint

Sensible heating
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Dehumidification mode

If the outdoor air dew point is higher than the Dehumidification Enable
Setpoint, the unit operates in the Dehumidification Mode (Figure 10). In this
mode, compressor capacity is staged/modulated to dehumidify the outdoor
air (OA) to the desired leaving-air dew point (DH). Depending on the
application, this dehumidified outdoor air may then be reheated—using heat
recovered from the DX refrigeration circuit (i.e., hot gas reheat)—to the

desired leaving-air dry-bulb temperature (CA).

Figure 10. Dehumidification mode
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If the outdoor air dew point is lower than, or equal to, the Dehumidification
Enable Setpoint, and the outdoor air dry-bulb temperature is higher than the
Cooling Enable Setpoint, the unit operates in the Sensible Cooling Mode
(Figure 11). In this mode, compressor capacity is staged/modulated to cool
the outdoor air (OA) to the desired leaving-air dry-bulb temperature (CA).

Figure 11. Sensible cooling mode
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Sensible heating mode

If the outdoor air dew point is lower than, or equal to, the Dehumidification
Enable Setpoint, and the outdoor air dry-bulb temperature is lower than the
Heating Enable Setpoint, the unit operates in the Sensible Heating Mode
(Figure 12). In this mode, heater capacity is staged/modulated to warm the
outdoor air (OA) to the desired leaving-air dry-bulb temperature (CA).

Figure 12. Sensible heating mode
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Ventilation only mode

If the outdoor air dew point is lower than, or equal to, the Dehumidification
Enable Setpoint, and the outdoor air dry-bulb temperature is lower than the
Cooling Enable Setpoint but warmer than the Heating Enable Setpoint, the
unit operates in the Ventilation Only Mode. In this mode, the fan continues to
operate, but both the compressors and heater are turned off.
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