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Background:
HVAC systems are often designed to supply a constant discharge air
temperature from an air handling system to maintain comfort in
the space. Some HVAC systems, especially those that have strict
space humidity requirements, should be controlled for a constant
discharge air dew point temperature (or maximum discharge air
dew point) in addition to controlling to a set discharge dry bulb
temperature. Wrap-around heat pipe systems, especially
controllable wrap-around heat pipe systems, can be an eﬀective
tool to help meet these strict space humidity requirements.
Wrap-around heat pipe systems are air-to-air heat exchangers that
are installed in the airstream upstream and downstream of a
cooling coil. The upstream precool heat pipe shifts the excess
sensible cooling capacity oﬀ the cooling coil while the downstream
heat pipe provides reheat. Wrap-around heat pipes are passive devices that are driven by the diﬀerence
in thermal energy between the entering hot air and the cold air leaving the cooling coil. This thermal
energy aﬀects a phase change of the refrigerant in the tubes which drives the ﬂow of refrigerant
between the two heat pipe sections. As warm air enters the precool heat pipe, refrigerant changes
phase from liquid to vapor extracting heat from the air stream thus lowering the air temperature.
Refrigerant then ﬂows naturally to the reheat section where it condenses and releases the energy it
absorbed from the precool section to the airstream in the form of sensible heat.
The Challenge:
HVAC systems with strict space humidity requirements typically need to provide air with a dew point
that is lower than the dry bulb temperature. Operating rooms and many other applications fall under
this category. For this article, let’s consider another example:
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A space with chilled beams is being served by a dedicated outdoor air system (DOAS). A typical DOAS
unit uses an air-to-air heat exchanger to transfer energy between the supply and exhaust air streams,
followed by a preheat coil, a cooling coil and supply fan(s). The chilled beams in this example require 55
degree air (the supply air dry bulb set point, SASP) with a maximum dew point of 48 degrees (the supply
air dew point set point, SADP). In the typical DOAS system, the chilled water coil will cool the air down to
the SADP (48 degrees) to remove the necessary moisture. However, reheat is then required to bring the
dry bulb temperature up to 55 degrees, as 48 degrees is too cold for the space. By introducing a wraparound heat pipe, the heat pipe can be selected to help precool the incoming air, relieving sensible load
from the cooling coil, then reheat the air from 48 degrees to 55 degrees, which is exactly what the space
requires.
Since the wrap-around heat pipe system is a passive device, there is no means to control the amount of
reheat applied to the supply air stream. The heat pipe can only reheat with as much energy as is
extracted from the air on the precool side. Therefore, if a heat pipe system is selected for a hot day, the
heat pipe will underperform on a cool day when the entering heat energy is lower and supply colder air
than is needed to the space. If a heat pipe system is selected for a cool day, the heat pipe will overperform on a hot day when the entering heat energy is higher, and supply warmer air than is needed to
the space.
The Solution:
Enter the controllable wrap-around heat pipe. By installing solenoid valves on the refrigerant circuits of
the wrap-around heat pipe, the building management system (BMS) can control the amount of
refrigerant ﬂow in individual circuits between the precool and reheat heat pipes, and thus eﬀectively
control the amount of reheat being applied to the airstream.
In our example, if we select the heat pipe to supply 55 dry bulb/48 dew point air with a 65 degree
entering air temperature, for any entering air temperature above 65 degrees, the BMS will stage the
solenoid valves closed to prevent overheating of the discharge air. What about other entering outdoor
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air/humidity scenarios? How would the system be controlled then? The following psychrometric charts
portray all possible air condition scenarios and explain how each should most eﬀectively be handled.
Note: The air-to-air heat exchanger is assumed to transfer total enthalpy for ease of illustration;
however the same principles could be applied to a sensible-only energy recovery device.
OADP: Entering outdoor air dew point temperature
OAT: Entering outdoor air dry bulb temperature
SADP: Supply air dew point set point
SASP: Supply air dry bulb set point
RAT: Return air dry bulb temperature from the space to the DOAS
1. Cold and dry (OAT < SADP): This is normal heating mode, and the air-to-air heat exchanger
and hot water coil will work to reach the supply air dry bulb set point temperature. The
heat pipe will do nothing under these conditions.
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2. Cool and dry (OAT < SASP and OAT > SADP and OADP < SADP): This case is for when the
outdoor air temperature is between the supply air dew point and dry bulb temperatures,
and the air is sufficiently dry to not require dehumidification. As in case 1, the air-to-air heat
exchanger and hot water coil will work to reach the supply air dry bulb set point
temperature. The heat pipe will do nothing under these conditions.
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3. Warm and dry (OAT < RAT and OAT > SASP and OADP < SADP): This case sees the outdoor
air temperature between the supply air set point and the return air temperature. Because
the dew point is sufficiently low, dehumidification is not required, the heat pipe and air-toair heat exchanger can be turned off, and the cooling coil brings the entering air down to the
supply air set point.
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4. Cool to warm, but humid (OAT< RAT and OAT > SADP and OADP > SADP): The outdoor air
temperature is between the return air temperature and the supply air dew point set point,
but contrary to cases 2 and 3, the entering dew point temperature is sufficiently high to
require dehumidification. In this scenario, cooling mode is enabled, but the air-to-air heat
exchanger operates to bring the entering air temperature as close as possible to the return
air temperature to maximize reheat effectiveness. Though this increases the cooling load,
the additional reheat savings will outweigh that additional cooling penalty. The cooling coil
will work to cool/dehumidify, and the heat pipe can be staged to meet the supply air dry
bulb set point.
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5. Hot and dry (If OAT > RAT and OADP < SADP): The outdoor air temperature is greater than
the return air temperature, but because the outdoor air dew point is below the supply air
dew point set point, dehumidification is not required. Cooling mode is enabled and the airto-air heat exchanger precools outdoor air. The heat pipe can be staged off and the cooling
coil is used to cool down the air to the supply air dry bulb set point.
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6. Hot and humid (If OAT > RAT and OADP > SADP): This scenario is for a typical summer day,
when full cooling mode is enabled. The air-to-air heat exchanger precools outdoor air and
the heat pipe/cooling coil work to cool/dehumidify/reheat supply air. Stage heat pipe
solenoid valves closed as required to maintain supply air dry bulb set point.

Conclusions:
With proper application and control of wrap-around heat pipe systems, the example illustrated can be
expanded to nearly any system with strict space humidity requirements. Even more common systems
where humidity requirements aren’t as strict can be accomplished the same way by simply raising the
dew point line that separates Cases 1-2-3 from Cases 4-5-6. Although the example did not include
mention of humidiﬁcation requirements, the system can be used in conjunction with a humidiﬁcation
system to eﬀectively raise the humidity in the airstream and space as required. Furthermore, it is worth
noting that the larger the outdoor air (ventilation) requirement for the particular air handling system,
the more eﬀective the controllable wrap-around heat pipe system will be, as less return air means less
opportunity to condition the air by mixing.
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About Flow Tech, Inc.:
Flow Tech, Inc.’s mission is to provide the highest quality and most energy-efficient HVAC systems and
products that directly affect how buildings operate. Serving the commercial, healthcare, education,
research, pharmaceutical, and water and wastewater markets, we strive to maintain the utmost
professional and educated team offering sales, support and on-call, 24/7 service.
We are a full-service heating, ventilating and air conditioning (HVAC) equipment manufacturer’s
representative celebrating over 25 years of business and serving CT, Western Massachusetts and
counties in New York. We pride ourselves in offering:
•
•
•
•
•

The premier source of new VFD applications, retrofits and servicing all brands of existing VFDs
The finest critical airflow control solution in the market providing a safe and energy efficient
environment for the occupants to work.
The highest quality custom built air handlers providing a dependable means for building owners
to provide conditioned air to occupants.
Multiple technologies of heat recovery allowing owners to run their buildings at peak
efficiencies.
A service department that is educated and experienced and provides a level of service that goes
above and beyond customer expectations

Our product lines include ABB variable frequency drives, Air Enterprises, Air Monitor Corporation,
Aircuity, Heat Pipe Technology, M.K. Plastics, Phoenix Controls, Steril-Aire, TAMCO, Thermowheel,
ToxAlert, Twin City Fans and VAW. Learn more at www.FlowTechInc.com.

About Heat Pipe Technology:
HEAT PIPE TECHNOLOGY, INC. (HPT) is the innovation leader in energy recovery and dehumidification
systems for commercial applications around the globe. Employing the very latest in passive heat transfer
technology, HPT designs and supplies the core systems to the world's leading commercial air handling
equipment manufacturers.
Heat Pipe Technology, Inc. is recognized worldwide for our innovation and expertise. Our heat pipes are
made right here in Tampa, Florida; they save energy and dramatically reduce heating and cooling costs.
With a network of more than 70 representatives and licensees in North and South America, Europe, The
Middle East, Asia, and Australia, HPT is a true global operator. Learn more at www.heatpipe.com.

