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D
esigning the Bill and Melinda Gates Hall —
home to the Computing and Information 
Sciences Department at Cornell Univer-
sity — meant insuring the proper airflow, 
dehumidification, and energy recovery for 
its computer laboratories, offices, confer-
ence rooms, and collaboration spaces that 
bring 500 undergraduate students, 350 

graduate students, and 60 faculty members together. 
The solution — a combination of active and passive chilled 

beams, energy recovery systems, and a host of other sustainable 
measures — helped contribute to a 30% lower energy use over 
ASHRAE 90.1-2007 and the building’s quest for LEED Gold.  
Heating for the building was provided via fin tube radiators and 
radiant floors. Before the new 100,000-sq-ft campus icon opened 
its doors in January 2014, the Syska Hennessy Group design 
team employed the latest design tools and techniques and per-
formed complex engineering analyses to ensure the HVAC sys-
tems provided appropriate IAQ, dehumidification, and excellent 
thermal comfort through controlled air movement and uniform 
air temperature distribution throughout the facility.

DESIGNING IT RIGHT 
Chilled beam systems have gained traction in the U.S. as of late, 
after successful implementation in Europe for many years. Using 
water as the primary cooling medium, chilled beams are known 
for their efficiency (water holds more cooling capacity than air 
and therefore has a more efficient heat transfer capacity), their 
delivery of good IAQ, and thermal comfort and minimal main-
tenance requirements. 

One of the keys to designing a chilled beam system is ensuring 
proper dehumidification. Primary air consisting of either 100% 
outside air or a mix of return air and outside air (typically higher 
than minimum outdoor air requirements) is delivered to the 
active chilled beam from the air handling system (DOAS in the 
case of a 100% outside air system). The primary air system pro-
viding outdoor ventilation air to the chilled beam must maintain 
the dew point of the indoor air below the surface temperature of 
the chilled beam to avoid condensation. For this reason, chilled 
beam systems will often work better in less humid climates. 
However, when designed correctly, they can successfully heat 
and cool any space. 

The high internal computer load at Bill and Melinda Gates 

Bill and Melinda Gates Hall at Cornell University required a suitably 
thoughtful HVAC selection and design process. After considerable 
analysis (CFD and otherwise), the team arrived at an unusual strategy 
led by chilled beams (both active and passive) and DOAS, with key 
dehumidification elements to keep spaces comfortable. 

By Sergiu Pelau, P.E., LEED AP
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Hall led MEP designers to initially specify only passive chilled
beams for the majority of the building’s spaces. However, the 
team realized early on that the passive chilled beam capacities 
weren’t enough to overcome the high heat dissipation from the 
workstations. They would need something more. 

Passive Chilled Beam Systems. The Passive Chilled Beams 
(PCB) act as radiators/convectors chilled by recirculated water. 

Warm air from heat gain at a perimeter 
wall typically rises to a high level or into 
a ceiling void where it passes over the 
chilled beam, is cooled, and gently drops 
back down into the space, keeping the 
perimeter zone comfortable for occu-
pants. The PCB system has no primary 
air connection (thus its passive nature), 
so a separate ventilation system is needed 
to bring dry, fresh air to these spaces 
and to offset latent heat gains as well. 
PCBs provide effective and reliable cool-
ing of perimeter spaces as the heating load 
through the perimeter glazing amplifies 
the air buoyancy effect, thereby increasing 
the chilled beams cooling capacity and 
effectiveness. Manufacturer recommenda-
tions for PCB capacities are listed as up 
to 400 Btuh/LF or a cooling effect of 40 
Btuh/FT2. The design team at Bill and 
Melinda Gates Hall found that the project 
specific capacities were on average 300 
Btuh/LF or 35 Btuh/FT2.

Active Chilled Beam Systems. In order 
to achieve higher cooling capacities to 
overcome the heat dissipation in a con-
centrated workstation environment, the 

use of active chilled beams was explored as well. The Active 
Chilled Beam (ACB) system is composed of units consisting of 
a horizontal finned cooling coil, primary air duct, induction 
nozzles, and linear diffusers — all within a manufactured casing. 
Primary outdoor ventilation air passes through the casing duct, 
discharges through induction nozzles, and mixes with room air 

that is induced to pass vertically over the 
horizontal cooling coil to mix with the 
primary air and deliver conditioned air 
to the occupied space. The active chilled 
beam components are very similar to 
those used in perimeter induction sys-
tems, but inverted for a ceiling distribu-
tion operation. Since they combine the 
coil sensible cooling capacity with the 
ventilation airflow, the sensible cooling 
per cfm of supply air is three times that of 
all air systems (when primary air is of sim-
ilar temperature). Manufacturers list ACB 
capacities up to 600 Btuh/LF or a cooling 
effect of 70 Btuh/FT2. Real-world project-
specific capacities at Gates Hall were less 
— similarly reduced as the passive beams 
capacities, yet significantly higher and 
therefore capable of covering all but a 
few high-density spaces. The average ACB 
capacities were calculated to be 500 Btu/
LF (coil only) or 750 Btu/LF with primary 
air. The cooling effect was approximately 
35 Btu/FT2 (coil) or 52 Btu/FT2 with the 

FIGURE 1. This perimeter office space features ACB at the middle of the space 
(duct work running through the ceiling) and a PCB at the perimeter of the office 
ceiling. 

FIGURE 2. PCB Installation detail at the perimeter of the building.
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required primary air.
The final design solution for Gates Hall was a dual chilled 

beam system — an innovative engineering feature that employs 
the use of both PCB and ACB systems in the same spaces. In 
rooms with high cooling loads, the engineering team found 
that by combining higher cooling capacity ACBs with PCBs at 
the perimeter, the appropriate balance of cooling and ventila-
tion airflow was achieved. Classrooms, small conference rooms, 
and computer labs were provided with active chilled beams. 
Perimeter and interior offices were provided with passive chilled 
beams in conjunction with a VAV system delivering minimum 
ventilation air. 

The combination of active and passive chilled beam systems 
within the same space is relatively unique, and therefore airflow 
patterns had to be analyzed to ensure success during design. One 
of the main concerns was protecting the movement of air in the 
perimeter zones with the PCBs. If the active beams were placed 
too close to the perimeter zone, their horizontal airflow throw 
could disrupt the natural buoyancy of the air in the perimeter 
zone, and therefore reduce the passive beams cooling capacity 
and effectiveness. To mitigate this concern, the active chilled 
beams were placed in a pattern perpendicular to the perimeter, 
with the airflow discharging parallel to the passive beams, rather 
than towards them (Figure 1). 

An additional strategy for protecting the vertical natural 
buoyancy airflow at the perimeter was placing the passive chilled 
beams in the so called “blind box.” This pocket was enveloped 
by the exterior wall/glazing, the structural slab above, and a 
structural beam behind. To ensure proper airflow movement, 
a minimum distance of 10 in was required between the passive 
beam and the glazing, and a minimum of 12 in from the passive 
beam to the slab above. In order to avoid the airflow bypassing 
the chilled beam, a separation skirt was provided to cover any 
vertical gaps wherever the structural beam behind it was placed 
at a higher elevation then the chilled beam (Figure 2).

CFD modeling was also performed for air movement verifica-
tion in the smaller spaces where the systems could potentially 

clash with each other. Parametric CFD modeling informed the 
design team of the appropriate location for ACBs to minimize 
airflow interference in the space with PCB. Manufacturer data 
with airflow throws were used for each space, as each space was 
individually modeled and chilled beams selected accordingly. In 
the small internal offices, for example, where only one passive 
chilled beam was used, design engineers employed CFD model-
ing to determine the best location for the chilled beam in relation 

FIGURE 3. CFD model of an interior office at Gates Hall that 
was used to determine where to locate one PCB. Centered in 
the room or parallel to the structural beam, and the interac-
tion of PCB with the ventilation grille. 

CHILLED BEAM SYSTEM
BENEFITS 

Both active and passive chilled beams can provide a 
variety of benefits.

•  Good IAQ. Most systems use 100% outside air sup-
plied to the chilled beam system, as opposed to a 
traditional system which presents only a percentage 
of outside air and the rest recirculated from the space. 

•  Low maintenance. Chilled beam systems require little 
maintenance as filters are not required. 

•  Small presence. Smaller mechanical room areas, less 
vertical shafts, and smaller horizontal ductwork are 
required due to air-water configuration.

•  Design flexibility. Chilled beam systems allow for 
higher and exposed ceilings — a trend in architec-
tural design today — as chilled beams can be sus-
pended from the ceiling slab. 

•  Acoustical. Because there are no moving parts, like 
fans, passive chilled beam systems can be utilized in 
spaces with stringent acoustical criteria.

•  Energy. Reduced fan energy far exceeds any mini-
mal increases in pump energy. Chilled beam systems 
provide free cooling for longer periods of the year. Pri-
mary air supply can be as low as minimum ventilation 
requirements. Higher chilled water temperature for the 
chilled beam loop requires less chiller energy — and 
potentially reduces chiller plant size as well.

•  Capacity. Capable of meeting high cooling loads 
with increased active chilled beam density.

One of the main concerns was 
protecting the movement of air in 
the perimeter zones with the PCBs. 

To mitigate this concern, 
the active chilled beams were 

placed in a pattern perpendicular 
to the perimeter, with the airflow 

discharging parallel to the passive 
beams, rather than towards them.
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to a structural beam and the ventilation supply grille (Figure 3).
Positioning the chilled beams is just one of the design consid-

erations when specifying such a system. The other — even more 
critical — is dehumidifying the space to keep it comfortable and 
free of condensation. 

DEHUMIDIFICATION STRATEGIES AND TEMPERATURE 
CONTROL
The airflow passing through a cooling coil undergoes two 
main processes: cooling and dehumidification. In order for the 
dehumidification process to occur, the cooling coil needs to be 
maintained at a temperature lower than the air dewpoint. As the 
airflow comes in contact with the coil, its dry bulb temperature 
begins to decline. As this process of cooling continues, the air 
reaches dewpoint temperature. At that point, the moisture in the 
air starts condensing on the cooling coil and the airflow humid-
ity (ratio) level declines. The amount of dehumidification is 
directly proportional to the cooling coil temperature (in relation 
to the air dewpoint). The colder the cooling coil (and therefore 
the supply air temperature), the more dehumidification the air 
will undergo.

In a chilled beam system, air supplied to the space must satisfy 
the following conditions: Be dehumidified to a level low enough 
that it can absorb all the moisture (latent load) in the space. 

As described above, this typically 
means sub-cooling and reheat-
ing the air (reheating via energy 
recovery). It needs to be able to 
remove 100% of the latent and 
sensible load of the outdoor air. 
And third, the supply air needs to 
provide the minimum ventilation 
requirement for the occupants. 
A properly designed DOAS helps 
meet all these required condi-
tions. It provides 100% outdoor 
air and controls, relative humid-
ity without overcooling, and 
provides energy recovery (see 
“Energy Recovery Process Con-
siderations”). 

There are two common DOAS 
discharge air/dewpoint control 
strategies: Low temperature/
low dewpoint or “cold air” strat-
egy (55˚F DB/50-55%rh) and the 
“neutral air” strategy — ther-
mally neutral but dry air (68-72˚F 
DB/ 50-55% RH). When “neutral 
air” is supplied, the dehumidi-
fied air is reheated at the unit 
to introduce fresh air into the 
space at room-comfortable con-
ditions. Due to the lower supply 
air temperature, less space sen-
sible cooling capacity is available. 
Since Gates Hall has a high sen-

sible cooling load, the low temperature/low dewpoint “cold air” 
strategy was implemented. The air was not reheated at the unit; 
instead, it was supplied at the temperature of the cooling coil. In 
this case, the outdoor air was able to handle some of the sensible 
cooling in the space and in the process, decreased the sensible 
loads assigned to the chilled beam coils. Use of energy recovery 
wheels in DOAS provided sensible and latent energy recovery 
upstream of the DOAS cooling coil and thus eliminated the need 
of sub-cooling the primary air.

ENERGY RECOVERY PROCESS CONSIDERATIONS 
Energy recovery systems typically incorporate heat exchange 
equipment to reduce energy costs by extracting heat from the 
facility’s exhaust air stream before it is vented outside and sub-
sequently repurposing it to precondition outdoor ventilation air. 
In hot weather season, the bottom part of the desiccant-coated 
energy wheel absorbs humidity and heat from the outdoor 
air. Cooler, drier air leaves the other side of the wheel, passing 
through chilled-water coils before being circulated throughout 
the building. Exhaust air drawn from the building picks up heat 
and humidity from the top part of the rotating wheel. In colder 
weather season, the process is reversed. 

Two different types of energy recovery wheels were con-
sidered for incorporation into the air-handling units at Gates 

FIGURE 4. The enthalpy wheel used at Gates Hall.
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Hall: an enthalpy wheel and a desiccant
wheel. A sample of significant spaces 
were analyzed psychrometrically under 
both wheel type conditions. The desic-
cant wheel was found to require the 
smallest amount of outside air in order 
to overcome the space latent heat gain. 
However, desiccant wheels did not offer 
sensible heat recovery. To achieve a bal-
ance between the latent and sensible heat 
recovery, enthalpy wheels were deemed 
more suitable to the project. In order to 
lower the amount of primary air required 
from the enthalpy wheel, a room design 
rh of 53% was found to be acceptable 
(from the initial 50% rh ) while main-
taining the same dewpoint temperature 
of 51˚F (see Figure 4).

Unit dew point control should be a 
primary consideration in a building’s 
condensation prevention control strate-
gy. Additional control strategies for Gates 
Hall included the following.

•  Moisture sensors were provided on the 
water pipes to detect a condition where 
condensation could occur in the chilled 
beam system. Humidity sensors were 
provided in strategic locations through-
out the building to give a snapshot of 
building humidity at any given time. 

•  The DOAS system is programmed to 
cycle during unoccupied mode to main-
tain setback temperature and dewpoint 
set points. In addition, a “dry out” cycle 
takes place after long periods of unoc-
cupied mode operation (i.e. weekends 
and school vacations).

•  If a building is provided with operable 
windows, window switches should be 
used to disable the chilled beam sys-
tem when a window is opened and 
ambient conditions would result in 
condensation.

A PASSING GRADE 
Today, after a year in operation, Cornell’s 
Bill and Melinda Gates Hall features a 
unique dual chilled beam strategy that 
cools and successfully dehumidifies the 
interior spaces where students and facul-
ty work together. But, like a real textbook 
lesson, the exam here was the process by 
which the HVAC design was born and 
tweaked to earn its passing grade. ES
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