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Topics We Will Cover

* Impact of temperature and humidity
on HVAC system design

* HVAC system solution alternatives
for surgery (operating) rooms



Why Are Both Temperature and Humidity Control Important?
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* [nfection control

* Prevent drying of mucous coating
In respiratory tracts

* Surgeons want it



Requirements for Operating Rooms
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psychrometry: the science of air conditioning
Example Operating Room: Desired Space Condition
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Example Operating Room: Airflows

450 ft? operating room with a 10-ft ceiling
(room volume = 4500 ft3)

CFMg, = 20 ACH X 4500 ft3 / 60 min/hr
= 1500 cfm

CFM,, = 4 ACH x4500 ft3/ 60 min/hr
= 300 cfm
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Example Operating Room: Space Loads
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Example Operating Room: Space Loads

8190

space SHR = = 0.84
(sensible heat ratio) 8190 + 1600




Psychrometry: The Science of Air Conditioning

* Design specifications
- Desired space dry-bulb temperature
- Desired space humidity level
- Supply airflow
- Space sensible and latent loads

e Calculated conditions
- Space SHR (sensible heat ratio)
- Required supply-air conditions (DBT and DPT)
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example operating room
Temperature-Based Design

1.085 x CFMg, x ( DBT,p,.. — DBTg, )

Qspace,sensible

Qgpace sensibie = design space sensible load (Btu/hr)

CFMg, = supply airflow (cfm)
DBT,pace = desired dry-bulb temperature in the space (°F)
DBTg, = required dry-bulb temperature of the supply air (°F)

8190 Btu/hr = 1.085 x 1500 cfm x ( 62°F — DBT, )
DBTg, = 57.0°F

Note: The 1.085 in this equation is not a constant; it is a function of the density and specific heat of the air. At "standard air" conditions and at sea

level, these properties result in the value 1.085. Air at other conditions and other elevations will cause this factor to change.
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example operating room

Temperature-Based Design

600 cfm 62°F DBT

55°F DBT
2400 cfm i
600 cfm‘

\\\

»
95°F DBT O

cooling coil

air-handling
unit (AHU)

57°F DBT 57°F DBT
1500 cfm

OR#1 OR#2 1500 cfm



example operating room
Temperature-Based Design
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example operating room
Temperature-Based Design
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example operating room

Humidity-Based Design

Qspace,latent =0.69 x CI:MSA X ( Wspace - WSA )

Qgpaceiatent = design space latent load (Btu/hr)

CFMg, = supply airflow (cfm)

W pace = desired humidity ratio in the space (grains/Ib)

Wg, = required humidity ratio of the supply air (grains/lb)

1600 Btu/hr = 0.69 x 1500 cfm x ( 45.5 gr/lb — Wg, )
Wy, = 44.0 gr/lb (~ 45°F DPT)

Note: The 0.69 in this equation is not a constant; it is a function of the density and latent heat of vaporization the air. At "standard air" conditions

and at sea level, these properties result in the value 0.69. Air at other conditions and other elevations will cause this factor to change.
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example operating room

Cool + Reheat System

\\\
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‘ / 46°F DPT @
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55% RH
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example operating room

Cool + Reheat System
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cool + reheat system
Chiller Plant Configurations

chilled water
from central plant AHU serving non-OR spaces

* New standalone chiller
- Air-cooled or water-cooled

AHU serving ORs

ey

standalone
air-cooled chiller

AHU serving non-OR spaces



cool + reheat system
Chiller Plant Configurations

chilled water
from central plant AHU serving non-OR spaces

or

* New water-cooled chiller using
central plant as condenser water

AHU serving ORs

water-cooled
chiller




Cool + Reheat System

* Often requires a new chiller to provide cold enough water
- Example: Air leaving cooling coil = 45°F

* Typically requires reheat even at design conditions
- Consider options for heat recovery

20



example operating room
Cool + Reheat System: Two Coils in Series
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example operating room

Cool + Reheat System: Two Coils in Series

OA 95°F DBT , :
799F DPT coil loads:

RA 62°F DBT
(space) 46°F DPT

55% RH « 33 MBh (reheat)

(0.84 space SHR)
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cool + reheat system: two coils in series
Chiller Plant Configurations

* New standalone chiller serving
downstream cooling coil

- Existing central plant serving
upstream cooling coil

or
* New water-cooled chiller, using

central plant as condenser water,
serving downstream cooling coill

chilled water
from central plant upstream cooling coil

—

downstream cooling coil

SEa—

1 o ot il

standalone
air-cooled chiller
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Cool + Reheat System: Two Coils in Series

* Allows for a smaller new chiller to serve downstream cooling coil
- Example: Capacity required of downstream cooling coil = 40 MBh

* Uses existing central plant to serve upstream cooling coill
- Example: Capacity required of upstream cooling coil = 72 MBh

* Typically requires reheat even at design conditions
- Consider options for heat recovery
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example operating room

Dual-Path AHU

34°F fluid
A 4
- 41°F DBT
£ 41°F DPT
~ 2
. o
~ > <
. o
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72°F DPT =
600 cfm 62°F DBT ngl = 55°F DBT \
46°F DPT 9 45°F DPT LA air-handling
< 58°F DBT unit (AHU)

46°F DPT

@

44°F fluid

57°F DBT 62°F DBT

45°F DPT 55% RH
OR#2 1500 cfm

62°F DBT 57°F DBT

55% RH 45°F DPT
1500 cfm OR#1
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example operating room

Dual-Path AHU
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dual-path AHU
Chiller Plant Configurations

* New standalone chiller serving
OA cooling cail

- Existing central plant serving
RA cooling coil

or
* New water-cooled chiller, using

central plant as condenser
water, serving OA cooling caoill

chilled water
from central plant

OA cooling coil

standalone
air-cooled chiller

RA cooling coil

¥ e
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Dual-Path AHU

* Often avoids need for reheat at design conditions
- Reheat still likely at some part-load conditions

* Requires less overall cooling capacity than Cool + Reheat systems
- Example: 79 MBh versus 112 MBh for Cool + Reheat systems

* Requires new chiller to make very cold water
- Example: Air leaving OA cooling coil = 41°F
- Likely can use water from existing central plant to serve RA cooling coil
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example operating room

Series Desiccant Wheel

69°F DBT 65°F DBT
53°F DPT 57°F DPT
60 gr/lb [°§ 70 ar/lb
z| @ g <
: g £ ’
95°F DBT W@ =
72°F DPT 55°F DBT [l 51°F DBT pm
600 cfm 62°F DBT 45°F DPT [Rsf 50°F DPT i)
46°F DPT 44 grllb 8 54 gr/lb g) . .
/ S B air-handling
g unit (AHU)

44°F fluid

62°F DBT 57°F DBT 57°F DBT
55% RH 45°F DPT 45°F DPT
e OR#1 OR#2

1500 cfm

62°F DBT
55% RH
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series desiccant wheel

How It Works

high

ability to hold water vapor

low
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example operating room
Series Desiccant Wheel
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series desiccant wheel
Chiller Plant Configurations

chilled water
from central plant AHU serving non-OR spaces

* New chiller might not be required,
if existing central plant has
sufficient capacity

or

* Smaller new chiller supplying
conventional fluid temperature

AHU serving ORs
(w/ series desiccant wheel)



Series Desiccant Wheel

* Requires less overall cooling capacity and not-as-cold of a fluid temperature
than Cool + Reheat systems

- Example: 85 MBh with 44°F fluid vs. 112 MBh with 38°F fluid for Cool + Reheat

* Existing central plant might be able to provide all required cooling capacity
- No new chiller required
- No separate water distribution (no glycol)
- Smaller electrical service

* Reduces (or avoids) need for reheat at design conditions
- Reheat (or low-temperature preheat) still likely at some part-load conditions

33



Comparison of System Alternatives (Design Load)

space cooling coil(s), fluid supply reheat coils,
RH MBh temperature, °F MBh
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temperature and humidity control for surgery rooms
Summary

* Need to consider both temperature and humidity in HVAC system design
* Solutions available for using existing central plant capacity or new equipment

* Opportunities to optimize system energy performance
- Series desiccant wheel or dual-path AHU
- Heat recovery (airside or waterside)
- Reset control strategies (occupied/unoccupied airflows, supply-air DPT)
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temperature and humidity control for surgery rooms
For More Information

* ANSI/ASHRAE/ASHE Standard 170-2021, Ventilation of Health Care Facilities. Available
from www.ashrae.orqg

* ASHRAE, Inc. HVAC Design Manual for Hospitals and Clinics. 2013. Available from
www.ashrae.org

* Moffitt, R. “Taking the Heat Out of Desiccants.” HPAC Engineering 79(3). March 2007.

* Murphy, J. “Temperature and Humidity Control in Surgery Rooms.” ASHRAE Journal 48(6).

June 2006. Available from www.ashrae.org

* Murphy, J. “Advances in Desiccant-Based Dehumidification” Engineers Newsletter, ADM-
APNO16-EN. Trane. 2005. Available from www.trane.com
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Questions?



Monitoring / Documenting Temperature and Humidity

OR-1 Humidity OR-2 Humidity

RTU Run Status

RTU 17-1A, Supply Fan Status.

RTU-17-1B, Supply Fan Proving Status

RTU-17-2, Supply Fan Proving Status

RTU-17-3, Supply Fan Proving Status

17-1A Discharge Temp

OR Humidity (last 12 hours)

17-1A Duct Static
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Monitoring / Documenting Temperature and Humidity

Humidity Week to Date
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