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Climate control is in your hands

HVAC Systems: A
Comprehensive Guide to
Technologies, Applications,
and Client Solutions

This guide provides a detailed overview of heating, ventilation, and air
conditioning (HVAC) systems commonly used in commercial, industrial,
and residential applications. Each system is explained with working
principles, ideal applications, and suitable client profiles to help engineers
and facility managers make informed decisions.



Direct Expansion (DX) Air Handling Units

Working Principle

DX AHUs use refrigerant that directly
expands inside cooling coils to absorb
heat from passing air. The refrigerant
evaporates in the cooling coil,
absorbing heat, and then is compressed
and condensed in a separate unit,
releasing heat outdoors.
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Applications

Medium-sized commercial buildings
Retail spaces and department stores
Schools and educational facilities

Healthcare facilities with specific
zone requirements

Ideal Clients

Businesses seeking lower initial
investment

Projects with space constraints for
mechanical rooms

Applications requiring quick installation

Facilities with limited water availability



Chilled Water Air Handling Units

Working Principle

Chilled water AHUs use cold water (typically 42-45°F) circulating through
cooling coils to remove heat from air passing over the coils. The water 1s

chilled in a separate chiller plant and pumped to multiple AHUs throughout a
building.

Key Advantages

e Higher energy efficiency for larger systems

» Centralized maintenance of refrigeration equipment
* Reduced refrigerant charge and leak potential

« QGreater flexibility for zone control in large buildings

Ideal Applications & Clients

Best suited for large commercial buildings, hospitals, universities, and
industrial facilities with substantial cooling loads.
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Ventilation Systems

Exhaust Ventilation

Removes stale, contaminated air from indoor spaces. Common
in bathrooms, kitchens, and industrial applications with pollution
sources.

Supply Ventilation

Introduces fresh outside air into buildings, often with filtration
and sometimes pre-conditioning. Helps maintain positive

pressure in clean spaces.

Balanced Ventilation

Combines supply and exhaust in equal volumes. May include
1eneégy recovery between airstreams to reduce heating/cooling
oads.

Energy Recovery Ventilation (ERV) Systems

These advanced systems transfer heat and moisture between
exhaust and supply air streams without mixing the air itself. Key
technologies include:

« Enthalpy wheels (rotating heat exchangers)
* Fixed-plate heat exchangers

* Heat pipes and run-around loops
Ideal for hospitals, laboratories, schools, and office buildings

where both energy efficiency and indoor air quality are critical
concerns.
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Air-Cooled Chillers
Working Principle
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Air-cooled chillers reject heat from the refrigeration cycle directly
to the surrounding air using finned condenser coils and fans. The%/
prt())dlll(ci,e chilled water that's circulated to cooling coils throughou
a building.

The system includes:
« Compressor (scroll, screw, or centrifugal)
« Air-cooled condenser with fans
* Evaporator (water-refrigerant heat exchanger)
* Expansion device
« Controls and safety devices

Key Applications

e Medium-sized commercial buildings
« Retail centers and shopping malls

* Hotels and hospitality facilities

* Schools and universities

Medical facilities and outpatient clinics

Ideal Client Profile

Projects with limited water availability
Applications where roof space 1s available

Clients seeking lower initial investment
Facilities without cooling tower expertise
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Water-Cooled Chillers

Working Principle

Water-cooled chillers use water
from a cooling tower to reject heat
from the refrigeration cycle. The
refrigerant condenses by
transferring heat to this water loop
rather than directly to air. This
enhances efficiency by leveraging
water's superior heat transfer
properties and lower condensing
temperatures.

Applications & Clients

Key Components

e Compressor (typically
centrifugal or screw)

 Water-cooled condenser

« Evaporator (refrigerant-to-
chilled water heat exchanger)

* Cooling tower
« Condenser water pumps
« Expansion device and controls

Ideal for large facilities with high cooling demands and available water resources:

* High-rise commercial buildings

« Data centers requiring precise cooling

« Large healthcare facilities

* Industrial processes with heat rejection needs

« Campus environments with central plants



Variable Refrigerant Flow (VRF) Systems

Working Principle

VRF systems use variable-speed compressors to precisely control refrigerant
flow to multiple indoor units from a single outdoor condensing unit. This
allows for:

* Individual zone temperature control

* Simultaneous heating and cooling in different zones
* Heat recovery between zones (in heat recovery models)

» Capacity modulation to match actual load requirements

VREF systems achieve high efficiency by eliminating ductwork losses and
minimizing part-load inefficiencies.

Ideal Applications
« Mixed-use buildings with varying load profiles
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Ductable Split Systems

6% 0
Outdoor Unit Refrigerant Lines
Houses the compressor, condenser coil, and condenser fan that Copper piping carrying refrigerant between outdoor and indoor
reject heat to the outdoors. units, typically limited to 100-150 ft maximum length.
© &
Indoor Air Handler Ductwork
Contains evaporator coil, blower, and can be installed in attics, Distributes conditioned air throughout multiple rooms or zones
closets, or above ceilings. Connects to ductwork. from a single indoor untt.
Applications Advantages Limitations
e Small to medium commercial spaces « Lower initial cost than central systems * Limited refrigerant line lengths
« Retail shops and restaurants * Easier installation than chilled water systems Less precise zoning than VRF
* Residential applications * Flexibility in outdoor unit placement * Ductwork space requirements

« Small offices and clinics « Single point of maintenance for indoor unt Limited capacity options



Single-Stage Evaporative Cooling

Working Principle

Single-stage evaporative coolers (also called direct evaporative coolers or
swamp coolers) pass warm outside air through water-saturated pads. As the
water evaporates, it absorbs heat from the air, lowering the air temperature
while increasing humidity.

The key components include:

«  Water reservoir and distribution system

» Evaporative media (typically cellulose or fiber pads)
* Supply fan

*  Water pump

e Controls and housing

Ideal Applications

* Hot, dry climates (Western US, Southwest)
* Warehouses and industrial facilities

e Agricultural buildings

e Outdoor event cooling

* (Garages and workshops

Efficiency benefit: Can reduce cooling energy usage by 60-80% compared to
conventional air conditioning in appropriate climates.
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Two-Stage Evaporative Cooling

Stage 1: Indirect Cooling

Outside air 1s pre-cooled without adding moisture through a heat
exchanger. A secondary air stream 1s evaporatively cooled and
used to cool the primary air through a heat exchanger (without
mixing).

Stage 2: Direct Cooling

The pre-cooled air then passes through a direct evaporative
section where water evaporates directly into the supply
airstream, providing additional cooling.

Supply to Space

The doubly-cooled air 1s delivered to the conditioned space at a
lower temperature than single-stage systems could achieve,
while adding less humidity.

Key Advantages

» Can achieve supply air temperatures within 5-15°F of conventional
* Adds significantly less humidity than single-stage systems
« Uses 60-80% less energy than conventional cooling i
« Effective in a wider range of climates than single-stage

Ideal clients: Data centers, schools, commercial facilities in
semi-arid regions, and environmentally conscious organizations
seeking reduced energy consumption.
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Indirect + Direct + Coil Cooling Systems

This advanced hybrid approach combines three cooling stages:

Stage 1: Indirect Evaporative Stage 2: Direct Evaporative Stage 3: Mechanical Cooling Coil
Precools air without adding moisture Further cools the pre-cooled air through A conventional DX or chilled water coil
using a heat exchanger and secondary direct water evaporation into the provides final cooling and
evaporatively cooled airstream. Can airstream. Most effective during peak dehumidification when needed.

reduce incoming air temperature by 15- conditions when additional cooling is Operates at significantly reduced

25°F depending on conditions. needed. capacity due to upstream pre-cooling.

This integrated approach maximizes free cooling opportunities while ensuring precise temperature and humidity control. The
system automatically modulates between stages based on outdoor conditions and cooling requirements.

Ideal for: Data centers, large commercial buildings in variable climates, pharmaceutical facilities, and clients prioritizing both
energy efficiency and precise environmental control.




Precision Air Conditioners

Working Principle

Precision air conditioners (PACs) are specialized HVAC units designed for
critical environments requiring extremely tight control of temperature (¥1°F),
humidity (¥5% RH), and air filtration. Unlike comfort cooling systems, PACs:

e Operate 24/7/365 with redundancy features

» Have much higher sensible heat ratios (0.85-0.95)
* Provide significantly more CFM per ton of cooling
* Include sophisticated humidity control

» Offer advanced monitoring and alerts

Key Applications

* Data centers and server rooms

e Telecommunications facilities

* Medical imaging rooms (MRI, CT)
o Laboratories and clean rooms
 Museums and archives

Typical clients: IT departments, healthcare facilities, research institutions, and
any organization with mission-critical equipment requiring precise
environmental conditions.
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Absorption-Based Humidity Control

Working Principle

Absorption dehumidification uses
liquid desiccants (typically lithium

chloride or lithium bromide solutions)
to absorb moisture from air. The liquid

desiccant 1s sprayed through an air
stream, absorbing water vapor. The

diluted desiccant 1s then regenerated by

applying heat, which drives off the
absorbed moisture.

System Components

Absorber (where desiccant contacts
process air)

Regenerator (where desiccant is
reconcentrated)

Heat exchangers (for energy
recovery)

Pumps and spray systems

Heat source for regeneration (steam,
hot water, or gas)

Key Advantages

Can achieve very low humidity
levels (down to 35°F dew point)

Can use low-grade waste heat for
regeneration

Lower operating costs than
refrigeration-based systems

Independent control of temperature
and humidity

Ideal clients: Pharmaceutical manufacturing, food processing facilities, lithtum battery production, and industrial processes
requiring precise low-humidity environments.
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Condensation-Based Humidity Control

Working Principle

Condensation dehumidification uses cooling coils to lower air temperature
below its dew point, causing moisture to condense on the coil surface. The key
steps are:

1. Air passes across a cold coil (40-45°F typically)

Air temperature drops below dew point

Water vapor condenses on the coil

Condensate drains away

TS

. Air 1s often reheated to desired supply temperature

This 1s the most common dehumidification method in conventional air conditioning sys

Applications & Limitations

» Effective for moderate humidity control (40-60% RH)
* Standard in most commercial air conditioning

* Limited ability to achieve very low humidity levels

* Energy intensive for deep dehumidification

» Often requires reheat, increasing energy usage

Enhancement options: Heat pipes, run-around loops, and desiccant wheels
can be added to improve efficiency of condensation dehumidification systems.



Heat Pump Systems

Working Principle: Reversing the Refrigeration Cycle

Heating Mode Reversing Valve

Extracts heat from outdoor air, ground, or Switches refrigerant flow direction
water source and delivers it to indoor between heating and cooling modes,
spaces. Even cold air contains heat energy  allowing the system to provide both
that can be captured. functions.

Heat Pump Types

Air-source: Exchanges heat with outdoor air. Most common and affordable type.

Ground-source: Exchanges heat with the ground via buried
loops. Highest efficiency but higher installation cost.

Water-source: Uses water from wells, lakes, or loops as the heat exchange medium. |§

Ideal applications: All-electric buildings, mild to moderate
climate zones, residential and light commercial buildings, and
projects with sustainability goals.
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Cooling Mode

Functions like a standard air conditioner,
removing heat from indoor spaces and
rejecting it outdoors.
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SPLIT SYSTEM

REVERSIBLE
REFRIGERANT FLOW
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Process Cooling: Hot Well/Cold Well Systems

Working Principle

Hot well/cold well systems are used in industrial process cooling applications where large volumes of water are required for

cooling manufacturing processes. The system operates 1n a cycle:

Cold Well

Reservoir of chilled water ready to be
pumped to process equipment that requires
cooling.

Heat Rejection

Cooling towers, chillers, or heat exchangers
that remove heat from the water before
returning it to the cold well.

it

Process Equipment

Manufacturing equipment that generates
heat which 1s absorbed by the circulating
cold water.

Hot Well

Reservoir that collects the now-heated water
returning from process equipment.

Ideal applications: Plastic injection molding, metal fabrication, food processing, chemical manufacturing, and other industrial

processes requiring reliable cooling capacity.
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Dedicated Outdoor Air Systems (DOAS)

Working Principle

* Pre-condition 100% outside air to neutral or slightly cool temperature
* Remove moisture from outdoor air

» Provide precisely controlled ventilation rates

« Often incorporate energy recovery from exhaust air

Space heating and cooling loads are handled separately by terminal units (fan coils, r:

Key Benefits

* Superior humidity control

* Improved indoor air quality

« Reduced energy consumption

» Better zone-level temperature control
* Extended economizer operation

Ideal clients: Schools, healthcare facilities, offices with high occupancy, hotels,
and any building where precise ventilation control and indoor air quality are
prlorltles
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Radiant Heating and Cooling Systems

Radiant Floors

Tubes embedded in concrete floor slabs or installed under
finished flooring. Water circulates at 85-120°F for heating or 55-
58°F for cooling. Provides excellent thermal comfort wit
minimal draft.

Radiant Ceilings

Panels or mats installed in or on ceilings containing water tubes
or electrical elements. Responds faster than floor systems. Better
for cooling applications due to natural convection patterns.

Radiant Walls

Less common but effective in specific applications. Can be
integrated with structural elements in new construction. Works
well in conjunction with floor or ceiling systems.

Key Design Considerations
* Always requires separate ventilation and dehumidification system

» Surface temperature limits: 84°F max for floors, 63°F min for cooli
« Condensation prevention critical for cooling applications
* Response time slower than air systems

Best applications: High—tperformance buildings, spaces with
high ceilings, healthcare facilities, offices, and residential
projects where superior comfort and energy efficiency are
priorities.
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Thermal Energy Storage Systems

Working Principle

Thermal energy storage (TES) systems shift cooling or heating production to
off-peak hours, storing energy for use during peak periods. Common
approaches include:

Ice storage: Making ice during nighttime hours for daytime cooling
Chilled water storage: Large tanks storing cold water generated during off-peak
Hot water storage: Tanks storing hot water for later heating use

Phase change materials: Specialized materials that store and release energy
during phase transitions

Key Benefits

* Reduced peak electrical demand charges

* Smaller required chiller/boiler capacity

* Improved system reliability

* Potential for renewable energy integration
* Reduced overall energy costs

Ideal clients: Campus facilities, hospitals, data centers, and commercial
buildings in utility territories with significant time-of-use rate differentials or
demand charges.
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System Selection Guide: Key Considerations

When selecting the optimal HVAC system, consider these critical factors:

——————— o ——

Building Type & Load Profile Climate Considerations

Consider occupancy patterns, internal heat gains, and Hot, humid climates typically require robust

whether zones need simultaneous heating and cooling. Office dehumidification capabilities. Dry climates can leverage
buildings may benefit from VRF or chilled water systems, evaporative technologies. Cold climates need efficient

while warehouses might use direct evaporative cooling. heating solutions like ground-source heat pumps.

Energy & Sustainability Goals Budget Constraints

Projects targeting LEED or net-zero should consider radiant Balance first cost against lifecycle costs. Higher efficiency
systems, dedicated outdoor air systems with energy recovery, systems typically have higher upfront costs but lower

and thermal storage to optimize efficiency and integrate with operating expenses. Consider utility incentives and available
renewables. capital when making selections.

The most successful HVAC designs carefully weigh these factors alongside client-specific needs and available maintenance
resources. Engage MEP consultants early in the design process to identify the optimal system for your specific application.
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